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2.9 Operdting Prinéiples

2:2.1 'Thé vperating principlé of 4 steam jot ejector
stage is that, the pressure enérgy ifl the miofive stéam
is coniverted into velocity énergy in the nozale, and,
this hight vel6éity jet of steam enfriing the vépor or
gas being piimped: The resulting mixture; at the
résulting velomty enters the diffiser where this
\‘.relbmty energy is converted t¢ presstre énergy so
that the préssure of the mixtiire at the ejector dis-
¢harge is substarnitislly Bigher thah the pressure if
tte suetion chaihber:

9.2.3 Arn ejettor stage his operating limitations
&ni the compréssion attainable and will opérate effi-
eiently only up to & limiited ratit of compressiofi: The
fatio of compression is the abgdlute dischdrge pres-
gure dividéd by the absolute suction presstirs:

For gréater ratios of comnpiession thaii can be
attdiried in & single ejector stage; two or more stages
esan bé arranged &b operate in séries. This assembly
gbnistitutes a mulfisstage ejector:

2:2:3 An ejector stage is ml'ierently a constart
capacity fevice. The capacity is & funttiok of the
physical propertions of the diffiiser.

To abtain varlatlon in capacity; two or more gjec-
tors, elther smgle or multl—stage cail be arranged to
operate in parallel; esch series constitutiig an ele-
ent of & multiple element ejector: This arrangerment
permits the operation of the number of elemeiits
needed for the fequired capamty, as éach element is
edpable of completely comipréssing a portion of the
total capacity.

2.8 Description of Typeés

2.3.1 Terminology

A typlcal steamn jet ejector system consists of orie;
or nigre, steam jet ejector stage assenibligs with asso-
éiated cgnﬂensmjs arranged to condense vapors dis-
charged from the previous stage asseémblies. In
noncondensmg system desighs, condensers dre not

used: For specific nomeficlature of stesam jet ejector
a&geniblies refer to Paragraph 2.1.

Thé first stage of a miilti-stage gjector is the stage
ifito whith the vaper or gas being compressed first
ehters; the Seéond stage that which it enters sécohd;
the third stage that which it enters third; ete.

Figure 2 shows the industry wide systemn devel-
oped to establish a standard techrology for ejector
systems. Each ejector stage and condenser has a dis-
tinct fetter or letters which is a function of its posi-
tion in the system. Buach stage has a single letter
designatiori. The last stage has the letter Z assigned
to it. The remaining stages are assigned letfers in
reverse order, ie., the stage directly pi'eccdmg aZ
stage would be & ¥ stage. This method is continued
for all remain-ing stages in the systei. Intetrcon-
densers are hssigned the two letters of the stages
um‘nedlately preceding and following the condenser,
i.e for a con-dehser between & Y and Z stage, the
letter designation would be YZ. An aftercondenser is
assighed a lettet combination ZA. A precondenser i
aissignied a first letter of P followed by the letter des-
ignation of the stage following it: For example, if &
precondenser is used ahead of a two stage system,
the designation would be PY.

2.3.2 System Typés

Some of the various types of ejector systt.ms
commonly used sre illustrated in Figures 8 to 10
inchisive.

2.8.2:1 Single Stage,

Single Element Ejectors

These consist of oné basic assembly (Figure 3)

which is desigried to operate at a suction pressure

below dtmospheri¢ pressure and to discharge at
atmospheric pressure or higher.

2.3.2.2 Single Stage;
Multiple Elemerit Ejectors

Thesé consist of two o niore basie assemblies,
each designied to operate at a suction pressure below
atmosphéric pressure and to discharge at atmios
spheric pressure of hlgher In these combinations;
each basic assembly is termed an element. The com=
plete umiit is teimed a single stage; twin element gjec-
tor; (Figiire 4); single stage; triple element ejector;
gté.; dependirig ori the nuimber of elenients provided.

2.3.2.3 Multi-Stage;

Siiigle Element Ejéctors

These corsist of two or more basic assemblies
arranged in series; (Figures 5, 6, 8; 9, and 10), The
first ard any interrmediate assembly of the sefies is
designed to operate at suction and discharge pres=
sufes substantially below atmosphenc pressure. The
finidl assemnbly of the series is désigned to discharge
#it atnidsplieric pressure or higher.

)
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Each stage hos a distinct letter which is a
Process U . . e
function of its position in the system.
U Stage
v %
V Stage
W Stage
1st Intercondenser
XY Condenser
X XY Y
X Stage
Procass
Y Precondenser
PY Condenser
Y 2nd Intercondenser | Z
YZ Condenser
Y Stage Z Stage
1st Intercondenser
YZ Condenser After-
Condenser
z ZA Condenser Discharge
Z Stage
After-
Condenser ZA Discharge

ZA Condenser

Figure 2
DESIGNATIONS FOR EJECTOR ASSEMBLIES
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2.4 Definitions of Terms

Definitions of the terms used in this Standard are
given in the following paragraphs:

Discharge Pressure. Discharge pressure is the
absolute =tatic pressure prevailing at the discharge
of the ejector expressed in pounds per square inch,
inches or millimeters of mercury.

Breaking Pressure. Breaking pressure is that pres-
sure of either the motive steam or the discharge,
which causes the ejector to become unstable.

Recovery Pressure. Recovery pressure (Pick-Up
Pressure) is that pressure of either the motive steam
or the discharge, at which the ejector recovers to a
condition of stable operation,

Absolute Temperature. Absolute temperature is
the temperature above absolute zero. It is equal to
the degrees Fahrenheit plus 460. The unit is degree
Rankin.

Suction Temperature. Suction temperature is the
temperature of the gas at the suction of the gjector.
The unit is degrees Fahrenheit.

Stable Operation. Stable operation is the opera-
tion of the ejector without violent fluctuation of the
suction pressure.

Design Load. Design load is the specified mass flow
rate of components to be handled by the ejector. The
unit is pounds per hour.

Test Load. Test load is the mass flow rate of air
and/or water vaper to meter into the ejector for test
purposes. The unit is pounds per hour.

Capacity. Capacity is the weight rate of flow of the
gas that can be handled by the ejector. The unit is
pounds per hour.

Design Point. The required combination of design
absolute suction pressure and equivalent air or equiv-
alent steam flow in pounds per hour.

Dry Air. Atmospheric air at normal room tempera-
ture is considered dry air. The very small weight of
water vapor in it is considered insignificant and is
ignored. For example, the weight of water vapor in
atmospheric air at 50 percent relative humidity and
60°F temperature is less than 0.0055 1b per 1b of air.

Equivalent Air. Equivalent air is a calculated
weight rate of air that iy equivalent to the weight
rate of gas handled by tha ejector at the suction con-
ditions. The unit is pounds per hour.

Equivalent Steam. Equivalent steam is a caleulated
rate of steam that is equivalent to the weight rate of
gas handled by the ejector at the suction conditions.
The unit is pounds per hour.

Molecular Weight, Molecular weight is the sum of
the atomic weights of all the atoms in a molecule.

Mole. Mole is a mass numerically equal to the molec-
ular weight.

ole Fraction. Mole fraction of a component in a
homogeneous mixture is defined as the number of
moles of that component divided by the sum of the
number of moles of all components.

Total Steam Consumpticn. Total steam consump-
tion is the total weight rate of flow passing through
the nozzles of all gjector stages at specified condi-
tions of steam pressure and temperature. The unit is
pounds per hour.

Total Water Consumption. Total water consump-
tion is the total rate of flow passing through the
ejector condensers at specified inlet temperature.
The unit is galions per minute.

Critical Flow. Critical flow is the flow through a
nozzle when the downstream absolute pressure is
below critical pressure, i.e., the downstream absolute
pressure must be less than approximately 50 percent
of the upstream absolute pressure.

Subecritical Flow. Subcritical flow is the flow
through a nozzle when the downstream absolute
pressure is above critical pressure, i.e., there is a rel-
atively low pressure drop across the nozzle.

Design Steam Pressure. The pressure to be sup-
plied to the ejector at the steam chest connection.
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2.5 Notation

2.5.1 Symbols

The following symbols are used in this Standard:

Cpa

Cp:‘.

Nozzle eoefficient

Specific heat of air at constant pressure (0.24
approximately)

Specifie heat of steam at constant pressure
corresponding te downstream absclute
10.45 approximately)

Inside diameter of pipe, fect
Dianieter of nozzle throat, inches
Inlet diameter, inches

Discharge diameter, inches
Inside diameter pipe, inches

Pressure drop, inches of water per 100 feet
of pipe

Friztion factor, dimensionless

Acceleration due to gravity, feet per second
Ratio of spacific heats

Lengih of pipe, feet

Leakage ratg, pounds per bour

Molecular weight of noncendensable sas
Molecular weight of vapor

Internal design pressure, psi

Partial pressure of noncondensable gas,
inches of mercury absolute

Partial pressure of water vapor, inches of
mercury absolute

Upstream static pressure, pounds per square
inch absolute

Downstream static pressure, pounds per
square inch absolute

Vi

v
W
W,
W,

Wo

w

Wn

Wy

n

Initial pressure in system,
inches of mercury absolute

Final pressure in system,
inches of mercury abhsolute

Reynolds number

Allowable stress, psi

Time, minutes

Upstream temperature, R

Temperature, °F

Ambient air temperature, °F

Thickness, inches

Temperature of mixture at gjector suction, °F

Temperature of steam on downstream side
of nozzle, °F

Valume, cubic feet

Upstream specific volume, cubic feet
per pound

Average velocity, feet per second
Air flow rate, pounds per hour
Steam flow rate, pounds per hour

Weight of air in systemn at initial
pressure, pounds

Weight of air in systemn at final
pressure, pounds

Flow rate, pounds per houy

Flow rate of noncondensable gas,
pounds per hour

¥low rate of vapor of saturation,
pounds per hour

Ratio of nozzle diameter to pipe diametor

Absolute viscosity of air,
pounds per foot-second

Average density, pounds per cubic foot
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4.0 CONSTRUCTION STANDARDS

4.1 General Information
4.1.1 Purpose

This scetion defines general rules for the design,
manufacture and pressure testing of ejector com-
ponents, including stage assemblies, and surface
condensern used in gjector service.

These guidelines are presented to provide stan-
dards for construction and are not to be used as the
sole basis for design. The specific design of compo-
nents 15 the responsibility of the manufacturer in
complying with the customer’s specification.

In those instances where complete details and pro-
cedures are not specified, the manufacturer shall
utilize design and construction procedures which
have been demonstrated as being adequate for the
service intended and conform to accepted engineer-
ing practice.

10

The condensers covered by the Standard may also
be reguired to conform to the ASME Buoiler and Pres-
sure Vessel Cide; Seetion VI, Division i (herealtor
referred to as the Code).

Where reference is made to the Code and oiher
codes or standards, the applicable document shall be
that cxisting at the time of publication of this HE]
Standard (Fifth Edition, Stapdards for Steam Jet
Vacuum Systems),

4,1.2 Materials of Construction

Tables 1 and 2 list typical materials of construction.
For allowable stress values, refer to the Code oxcept
where noted by double asterisk. The table does not
cover all possible materials of construction. Other
materials which are equally suitable may be used.

When conditions dictate, non-metallic materials,
such as graphite and ceramic alumina, may he used
as agreed upon between purchaser and manufacturer.
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TABLE 1

TYPICAL MATERIALS OF CONSTRUCTION

Component Form! Materiall Specification!-? Grade/UNS Nol
Diffuser, Plate34 Carbon Steel ASTM A 36
Steam Chest, ASTM A283
Suction Chamber ASTM A 285
ASTM A515
ASTM A516
Stainless Steel ASTM A240 530400, S30403
831600, 831603
Bar Carbon Steel ASTM A36
ASTM A675
Stainless Steel **ASTM A2764 530400, 530403,
ASTM A216 831600, S31603,
532100, S34700
Castings Carbon Steel *ASTM A274
ASTM A216
Alloy & Stainless
Steel ASTM A217
Stainless Steel **ASTM A743
*=ASTM A744
Stainless & Duplex
Stainless Steel ASTM A351
Cast Iron4 *ASTM A48
ASTM A278
ASTM A395
Cast Bronze ASTM B62
ASTM B584
Pipe Refer to piping
section
Fasteners Bolts Steel ASTM A193
ASTM A325
Nuts Steel ASTM A194
ASTM A563
Nozzle & Nozzle Bar Stainless Steel **ASTM A276 530400, S31600,
Extension ASTM A479 $32100, S34700
**ASTM A582 530300, S41600
Nickel-Copper ASTM Ble4 N04405
Plate ASTM A240 530400, S31600
Pipe Refer to piping
section

H
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TABLE 1 TYPICAL MATERIALS OF CONSTRUCTION (continued)

Component Form! Materiall Specificationl? Grade/UNS No!
Shell & Waterboxes Plate Carbon Steel ASTM A36
ASTM A283
ASTM A285
ASTM A515
ASTM A516
Stainless Steel ASTM A240 830400, 530403,
531600, S31603,
531803 (duplex)
70/30 Copper Nickel ASTM B171 C71500
90/10 Copper Nickel ADTM B171 C70600
Pipe Refer to piping
section
Bar Carbon Steel ASTM A36
ASTM AB75
Stainless Steel **ASTM A276 830400, S30403,
ASTM A479 S31600, S31603,
531803 (duplex)
Structural Carbon Steel ASTM A36
Shapes
Pipe
(Structural Carbon Steel ASTM A53
Applications) ASTM A106
Stainless Steel ASTM A312 530400, 830403,
531600, 831603
ASTM A790 531803 (duplex)
Forgings Carbon Steel ASTM A266
Castings Cast Iron **ASTM A48
ASTM A278
Piping & Pipe Flanges, | Pipe Steel ASTM A53
Fittings, etc.3 ASTM A106
ASTM A335
For use with Ejector Stainless Steel ASTM A312
Components, Steam ASTM A376
& Vapor Piping and
Shell & Waterbox ASTM A790 531803 (duplex)
Connections Forged, Cat‘bon Stee] ASTM A105
Flanges, ASTM A181
Fittings, ete. [ Alloy Steel ASTM A182 K11572, K21590
Stainless Steel ASTM A182 530400,530403,
831600, S31603,
532100, S34700,
3531803 (duplex)
Wrought Carbon & Alloy Steel ASTM A234
ponges, Stainless Steel ASTM A403 $30400, S30403,
1ttings, ete. S31600, S31603
ASTM A815 531803 (duplex)
Plate Carbon Steel ASTM A285
Stainless Steel ASTM A240 831603,

531803 (duplex)

12
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TABLE 1 TYPICAL MATERIALS OF CONSTRUCTION (continued)

Component Form! Material! Specificationl? Grade/UNS No!
Tube Sheets Plate Muntz Metal ASTM B171 36500
Aluminum Bronze ASTM B171 C61400
Naval Brass ASTM B171 C46400
70/30 Copper Nickel ASTM B171 C71500
90/10 Copper Nickel ASTM B 171 C70600
Silicon Bronze ASTM B96 C65500
{Copper Silicon
Alloy)
Titanium ASTM B265
Stainless Steel ASTM A240 830400, 530403,
531600, S31603,
531803 (duplex)
Carbon Steel ASTM A283
ASTM A285
ASTM A515
ASTM A516
Tubes Reference Table 2
NOTES:

1. Selection of materials is the responsibility of Purchaser. The Manufacturer assumes no responsibility for deterioration of
any part or parts of the equipment due to erosion or corrosion, or any other causes. Service conditions such as pressure,
temperature, steam velocity, moisture, ete. should be considered for application of particular material and grade.

2. Allowable stress values should be taken from SectionVIIL, Division 1 of the ASME Pressure Vessel Code, except where

noted for non-ASME Code material:

P o1xS;

*¥ Allowable stress values used should conform to accepted engineering practice.

3. Plate and welded fittings are not recommended for use in high pressure and/or high temperature applications such as

the steam chest or steam piping systems.

« If used for this application, the rolling direction of plate should be parallel to the pressure boundary {(e.g. Flat covers,
stamped pipe caps, etc.).

4. Shall not be used for steam chest. Plate may be used for steam chest covers.

13
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TABLE 2

MATERIALS FOR CONDENSER TUBES ®

Physical Properties
See Notes Below

Coefficient
Typical ASTM Thermal of Thermal Modules of
Material Specification Density Conductivity Expansion in/in,°F. | Elasticity
Category Material Alloy Designations lbs./cu in BTU-Ft/hr ¢ Fi2-°F (See Note C) p.s.i.
Bl11 (al)
Admiralty Bb43 0.308 64 at 68°F 11.2x 108 16.0 x 106
UNS C44300
Bl1l11 (al)
Admiralty B543 0.308 64 at 68°F 11.2 x 106 16.0 x 108
UNS C44400
B111 (al)
Admiralty B543 0.308 64 at 68°F 11.2 x 106 16.0 x 106
UNS C44500
B111 (al
Alum. Brass B543 0.301 58 at 68°F 10.3 x 10% 16.0 x 106
ggiggm UNS C68700
ALLOYS Bill (al) (al)
Alum. Bronze B543 0.295 46 at 68°F 9.0x 108 17.5 x 108
UNS C60800
B111 (al)
Copper Nickel B543 0.323 17 at 68°F 9.1 x 106 22.0 x 1086
70-30 UNS C71500
Bl11ll (al)
Copper Nickel B543 0.323 26 at 68°F 9.5 x 106 18.0 x 106
90-10 UNS C70600
B111 al) {al)
Arsenical B543 0.323 112 at 68°F 9.8x 106 17.0 x 108
Copper UNS C14200
Copper Iron B543 (al) (al)
194 UNS C19400 0.317 150 at 68°F 9.0x 106 17.5 x 106
A249
Stainless A213 0.29 7.7 at 70°F 9.45 x 106 28.3 x 106
Steel A269
UNS 830400
A249
Stainless A213 0.29 7.7 at T0°F 9.45 x 106 28.3 x 106
Steel A269
UNS 831600
STAINLESS -
STEELS Stainless A268 (a 4) (a2) (a 4) (ad)
Steel UNS 543035 0.28 12.3 at 68°F 5.6 x 106 29.0 x 106
Stainless B676 (a5) {a2) (a5} (ah)
Steel UNS N08367 0.29 7.9 at 68°F 8.5x 108 27.0 x 108
Stainless AZ68 (a 6) (a2) (a 6) (a 6)
Steel UNS 544735 0.28 9.8 at 68°F 5.4 x 104 31.0 x 108
Stainless A268 (aT) (a 2) (a7} (a?)
Steel UNS 5446600 0.28 9.8 at 70°F 54x 104 31.0x 108
B338
TITANIUM | qoi o nium Grades 1 & 2 0.163 12.5 at 70°F 4.9% 106 14.9 x 105
CARBON Carbon Steel Al179 (a3) (ad)
STEEL A214 0.283 27.0 at 70°F 7.34 x 108 29.5 x 106
14
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TABLE 2 MATERIALS FOR CONDENSER TUBES ® (continued)

NOTES:

(a) The origin of the above typical physical properties is the A.5.M.E. Boiler & Pressure Vessel Cede Section II,

Part D, 1992 except where otherwise indicated.

1. Copper Development Association-Standards Handbook Part Two Alloy Data, 1985.

2. Allegheny Ludlum Communication to HEI (I. Franson to L. Culling) May 12, 1994,

3. Structural Alloys Handbook-Mechanical Prop. Data Center, 1976.

4. Allegheny Ludlum Technical Data Blue Sheet, B-139-Ed5-5M689-L/J, 1989.

5. Allegheny Ludlum Technical Data Blue Sheet, B-155/Ed3/5M/590/GF, 1990.

6. Allegheny Ludlum Technical Data Blue Sheet, B-151/Ed3/6M590/GF, 1990.

7. Trent Tube Alloy and Application Data, Trent Sea - Cure Stainless Steel Tubing, 1989.

{b) Selections of material is the responsibility of the Purchaser. The Manufaciurer assumes no responsibility for deteriora-
tion of any part or parts of the equipment due to erosion or corrosion or any other causes.

{¢) Copper Base Alloys 68-572°F, Stainless and Titanium 70-550°F, Carbon Steel-Mean 150°F.

4.1.3 Welding

4.1.3.1 For applicable joint efficiencies to be used
with formulas in the Standard, refer to Table UW-12
in the Code.

4.1.3.2 For fillet welds, the stress shall not
exceed 0.55 times allowable (S,) stress of base mate-
rial based upon minimum leg length (0.55 S, = 0.8 8,
x Sine of 45°F).

4.1.3.3 For designs not specifically covered in
this section, all welds should be of sufficient size and
configuration to transfer the loads in the adjoining
plates at an allowable stress level that is no greater
than that of the base material.

4.1.3.4 Types of Welds and Joints

4.1.3.4.1 Pressure boundary welds may be
either full penetration or properly designed fillet
welds. For one sided full penetration welds, a backing
strip, consumable insert or gas backing shall be used.
Where fillet welds are utilized, the weld configuration
must be such as to be adequate to support whatever
loads are present at the joint.

For structural joints other than pressure bound-
ary, the minimum leg distance for fillet welds shall be
5/16" or the thickness of the thinner member of the
joint, whichever is less.

Non-pressure boundary and non-structural welds
shall be designed in accordance with good engineer-
ing practice.

4,1.3.4.2 All butt-type field welds used for
agsembly of the pressure boundary will be full pene-
tration welds. When the weld is made without a
backing, it must be welded from both sides unless
otherwise specified.
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4.1.3.8 Inspection Standard for Welds

This section establishes minimum standards for
visual inspection of ejector components. The visual
acceptance criterion were developed using recognized
codes and standards such as ASME codes, ANSI
standards, AWWA, and AWS as a guide. More strin-
gent requirements may be specified by the purchaser
and would be governing.

Non-destructive examination, where not required
by the Code, is not performed except by special
arrangement between the manufacturer and the
purchaser.

The welding shall be performed using welders
and written weld procedures which have been quali-
fied in a manner comparable to that defined in Sec-
tion IX of the ASME Unfired Pressure Vessel Code.

Welds shall be examined in the “as welded” con-
dition preceded only by normal cleaning.

4.1.3.5.1 Weld Inspection Methods
and Equipment

Personnel performing weld inspections shall
be visually qualified in accordance with Society of
Nondestruetive Testing (SNT) requirements.

Inspection shall be performed with the naked
eye or corrective lenses as required to obtain the visu-
al acuity required by SNT. Magnifying glasses, micro-
scopes and other optical devices shall not be used.

Any required measurements of welds shall be
made using instruments such as scales, rules,
calipers, gauges (height and depth), fillet gauges, and
dial-type equipment. Micromeasuring or vernier-type
equipment is not required.

Accuracy of measurement equipment shall be to
1/64". All measuring equipment shall be maintained
and calibrated in accordance with the manufacturer’s
approved quality control manuals and procedures.
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4.1.3.5.2 Weld Categories

The following categories are established con-
sidering the service requirements of specific types of
welds. These criteria apply to shop welds and to field
welds in the apparatus except for pipe welds made to
connection stubs.

Category I includes pressure boundary welds.

Category IT includes structural welds.
Category III includes all other welds.

4,1.3.5.3 Acceptance Levels

Acceptance levels for various types of welds in each
of Categories I, IT III are tabulated in Table 3. Refer
to Figure 11 for nomenclature.

4.1.4 Interface Configurations

4.1.4.1 Flanges {(Note: Refers only to bolting
geometry of interface between customer’s piping and
manufacturer’s connection.)

4.1.4.1.1 ANSI B-16.5 Pipe Flanges and
Flanged Fittings (Including rating for ctass 150, 300,
400, 600, 900, 1500 and 2500).

4.1.4,1.2 ANSI B-16.1 Cast Iron Pipe Flanges
and Flange Fittings Class 25, 125, 250, and 500.

4.1.4.1.3 Other mutually agreed upon flange
design.

4.1.4.2 Weld Ends To suit required installation.

4.1.4.3 Threaded Connections In accordance
with ANSI Standard B-2.1 Pipe Threads (Except Dry
Seal).
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4.1.5 Quality Assurance

The manufacturer shall have an crganized and
operational Quality Assurance Program. This pro-
gram shall be outlined in a Quality Assurance Man-
ual which shall be available to the purchaser and his
representatives upon request. The system shall pro-
vide for control of quality in both the manufactur-
er’s plant and that of any subcontractor fabricating
gjector components. Quality Assurance for work per-
formed in the field by other than the manufacturer
shall be the responsibility of the purchaser and/or
his agent.

The Quality Assurance Program shall provide for
compliance with, but not limited to, the manufactur-
er’s and the Heat Exchange Institute Standards,
which shall provide as a minimum:

(1) Base material control
(e.g., plate, weld wire, etc.).

(2) Controlled distribution of materials.
(3} Control of purchasing requirements.

{4} Written weld procedures which have been
qualified in a manner comparable to that
defined in Section IX of the ASME Unfired
Pressure Vessel Code.

{5) Qualification of welders and control of welder
assignments to assure that the personnel
doing welding are qualified.

(6) Audit system for control of procedures.

(7) Detail drawings that contain definition of size
and applicable weld procedures.
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TABLE 3

WELD ACCEPTANCE CRITERIA*

ACCEPTANCE CRITERIA

SUBJECT REFERENCE
CATEGORY I CATEGORY I1 CATEGORY ITI
. x<$ For T < 3" x 5 3/16"
gil%; Weld Skeih . (/8" Maximum) For T2 3" X < 3/16"
et 3 See Notes 4 and 5. See Notes 4 and 5.
Spin =8 — 1/16" Snin =8 - 116"
Fillet Weld Size 5 Spin=8-0" For .1 L. For .25 L w
Minimum Sketch 1 See Note 5. See Note 5. See Note 5.
Fillet Weld Size ] Smax = S + Tor S + 3/8" (Whichever is greater)
Maximum Sketch 1 See Note 5.
Concavity shall not (-)C = /16" {(—)C < 1/167
Fillet Weld (- C encroach upon for .1 L, for 25 L.
Concavity Sketch 1 minimum required (Not to exceed (Not to exceed
weld throat. 3" in any foot.) 6" in any foot.)
Flllet Weld C 5 " 8 n
Convexity Sketch 1 Csg+1/32 C<3+ 116
@ @ < 3/32" Depth for a .1 L,, Length of
Weld Overlap None Allowed 0 not to exceed 6" in any 60" length of
Sketch 2 weld. The fusion line must be visible.
Butt Weld Fit-Up T M=1I =2 or1/8"
Misalignment Sketch 3 (1/4" Maximum) (Whichever is greater)
; 3 to 2, Width of weld
Taper Required M 3 to 1, Width of weld | to M, both sides .
for Butt Weld . Not Required
L Sketch 3 to M (Both Sides} | only when M
Misalignment T
exceeds 3
Butt Weld Root G Gunin = as qualified
Opening With Sketch 5 The weld geometry should be such as to permit complete
Backing (Strip, ete joint penetration where required.
& nsumable
Inset)
*See Notes

17
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TABLE 3

WELD ACCEPTANCE CRITERIA*

ACCEPTANCE CRITERIA
SUBJECT REFERENCE
CATEGORY I CATEGORY 11 CATEGORY 111
Gumin = as qualified
Butt Weld Root G Oversize gaps shall be welded with a
Opening Without None Allowed technique which will ¢lose the gap without
Backin Sketch 5 excessive bridgine of the open root.
g The weld geometry should be such as to permit
complete joint penetration where required.
B=T7-1
Butt Weld s B B=T (% not to exceed41/8")
Size ketch 4 See Note 5. See Note 5.
Butt Weld Capout
Pass Excluding W Whmin = Equal to Width of Weld Geometry
Weid Metal Used Sketch 4 Wnax € 2-1/2 X thickness of the thicker of the members being joined.
For Tapering and Note: Capout may consist of multiple passes.
Blending
When T<1/2" R =1/8" Max.
Butt Weld R T'>1/22"ors1", R =23/16"Max.
Reinforcement on Skeich 4 T'>1"ors2", R =1/4" Max.
Both Sides ele T>2, R = 5/16" Max.
Where T is the thinner of the members being joined.
19) o . 1/32" undercut is permitted for full length
Undercut Sketch 2 1/32" Continuous weld; up to 1/16" for .25 L w.
Visible P it The sum of the diameters shall not exceed
I])Slﬁ e doromﬁ' ! No visible 3/8" in any linear in. or 3/4" in any 12" length
(1 /382,,1?8 ];.S a to & pore 1/32" is of weld. The maximum single pore diameter
n Lhameter allowed. is 1/8". Linear porosity must be separated by

or Greater)

a minimum of one pore diameter.

Visible Cracks

None Allowed

Incomplete Fusion

None Allowed

N
1

2.

OTES:

- Highly localized concavity or weld reinforcement such as caused by weld restarts or where welds join or cross another weld are not
to be considered unacceptable under these criteria.

Weld ripples transverse to the direction of electrode travel are permitted providing that the crest-to-trough height is not greater than
3/22" and providing that the weld throat dimension is within acceptable range. Valleys between successive weld beads shall not
exceed 1/8" providing that minimum weld size is maintained.

weld shall be judged by the visual acceptance criteria defined.

is beyond this criteria) by an amount equal to the size of the separation.
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. On weldments made by more than one welder and when combinations of stringer and weave techniques are used, the quality of the
- If fit-up root, gap of fillet welds in any category exceeds 1/16", the fillet weld size shall be locally increased (in the area where fit-up

. Fit-ups and weld sizes not within these criteria shall be resolved by the manufacturer and/or as provided in the contract documents.
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WELDING NOMENCLATURE

Sketch 1

—={[=—U

Sketch 4

— |—

:'- Backup Bar

Sketch 5

S — Min. Specified Weld Leg

8y — Weld Leg Size

S2 — Weld Leg Size

x — Weld Gap (Excluding Local gouges)

T — Material Thickness of the Thinnest Member
C — Convexity

(-)C — Concavity

L.. — Length of Weld Described by the Weld Symbol

{3 — Overlap
U — Undercut

M — Misalignment

B — Size of Butt Weld

R — Reinforcement

Lw— Length of Weld Described by the Weld Symbeol
W — Widih of Cap Pass

G — Root Gap

Figure 11
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4.1.6 Preparation for Shipment
4.1.6.1 Cleaning Exterior Surfaces

Unmachined surfaces are to be cleaned with a
suitable solvent to remove oil and dirt. Where
required, weld splatter may be removed by wire
brushing, grinding or other suitable means.

4.1.6.2 Painting Exterior Surfaces

(a) Carbon Steel — One coat of manufacturer’s
standard primer, unless other coatings are required
by the Specifications.

(b} Other Materials — Painting will not be
required for corrosion resistant materials, unless
required in the Specifications.

4.1.6.3 Protection of Machined Flanged
Surfaces

(a) Apply protective coating.

{b) Openings to be closed with suitable covers or
tape.

4.1.6.4 Protection of Weld End Connections

Ends are to be covered with suitable waterproof
paper and/or tape sealed.

4.1.6.5 Internal Surfaces

No painting of internal surfaces shall be permit-
ted. An acceptable protective coating may be applied
to internal surfaces where specified by the purchaser.

4.1.7 Pressure Relief Devices

Pressure relief devices are necessary on ejector sys-
tems where the potential exists for the pressure to
exceed the design pressure of any of the system com-
ponents.

4.1.7.1 External Jackets

Ejectors may have external jackets used for heat-
ing and cooling of the ejector and the gases passing
through the ejector. A relief device should be used to
protect from the possibility of pressurizing the jacket
beyond the design value.

4.1.7.2 Protection of Atmospheric and
Subatmospheric Spaces

Ejectors shall be protected against excessive
pressure in the normally atmospheric and subatmo-
spheric spaces.

4.1.7.2.1 Ejector Units Without Interstage
Isolating Valves

These units are to be provided with relief
devices set to relieve at 15 PSIG, or higher, (depend-
ing on the system design pressure), if the internal
pressure can exceed the above value under any ser-
vice condition. To provide for venting from the after-
condenser, a vent of adequate size must be provided
at the air outlet connection. When an air meter
and/or a valve is installed in the discharge line, an
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adequate relief device must be provided at the point
of highest expected pressure.

4.1.7.2.2 Ejector Units With Interstage
Isolating Valves

A. Unit types with isolating valves at the suc-
tion and discharge of both primary and secondary
elements are to be provided with relief devices on all
elements set to relieve at 15 PSIG, or higher,
{(depending on unit design), and sized for maximum
steam flow under the following conditions:

1. Operating motive steam pressure at ejector
nozzle 25% above design , and

2. Steam nozzle throat area 10% in excess of
design.

B. Unit types which do not include isolating
valves at discharge of secondary stages, are to be
provided with relief devices on primary elements only
and a vent of adequate size must be provided at the
air outlet connection similar to that described in
Paragraph 4.1.7.2.1.

C. If the system includes a motive steam line
pressure reducing unit, a relief device should be
installed between the pressure reducing station and
the ejector inlet header selected to relieve at 25%
above the ejector design steam pressure and sized
for maximum steam flow through the pressure reduc-
ing station. To permit reasonable sizing of a relief
device, full size by-pass lines should not be used with
the pressure reducing station.

4.1.7.2.3 Inter/After Condenser Protection

When the shell side design pressure is less
than the tube side design pressure, a relief device
may be needed to protect the shell from overpres-
sure in the case of a tube failure. A connection on
the shell should be provided for this relief device.

4.1.7.2.4 Systems with Coolant Inlet and
Outlet Valves The coolant side of the condensers
should be protected against overpressure when the
coolant inlet and outlet valves are closed. A connec-
tion for installation of a relief valve should be pro-
vided between the coolant inlet and outlet valves.

4.2 Ejector System Components
4.2.1 Scope

This section includes materials, structural design,
interface configurations, manufacturing and hydro-
static testing of steam jet ejector stage assemblies.
This section may also be applied to ejectors using
motive fluids other than steam.

4.2.2 Structural Design of Ejector Components
4.2.2.1 General Considerations

The design criteria for ejector components is a
function of several variables. The minimum thick-
nesses required are not only stress dependent, they
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are also dependent upon minimum thickness
required for fabrication, welding and/or casting.

For applications where explosive mixtures are pre-
sent, the components may be designed for higher
pressures. For those applications, the design stress
and pressure shall be mutually agreed upon.

4,2.2,2 External Loading - Forces and
Moments

In most cases, the ejector is an integral part of a
system (e.g., ejectors combined with condensing
units). Therefore, it is not possible to design the ejec-
tor for specific external loads without reviewing the
total system.

In general, external loads, due to thermal move-
ment and mechanieal loading, shall be minimized by
the purchaser. It should be understeod by the pur-
chaser that the ejectors are not intended to serve as
anchor points for the system. For example, external
forces and moments which cause misalignment of
ejector nozzles and diffusers can have a detrimental
effect on ejector performance. In cases where this is
not possible, the forces and moments at the ejector
interfaces shall be specified by the purchaser,
reviewed and mutually resolved.

4.2.2.3 Thickness of Suction Chambers and
Diffusers

Suction chambers and diffusers consist of conical
and cylindrical sections either alone or in combina-
tion. The following formulae are used to determine
the thickness required for internal pressure.

(a) Conical Section:

PD
2 Cos o (SE - 0.6P)

tk =

For o < 30°

(b} Cylindrical Section:

PR PR

- _ or thse ———
SE - 0.6P 25E + 0.4F

Whichever is greater

Where:

tk = Required thickness exclusive of corrosion
allowance (in.)

P = Internal design pressure (psi)

D =Maximum inside diameter of cone, mea-
sured perpendicular to the longitudinal
axis of cone (in.}
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S = Allowable stress (psi). Refer to Code

E = Weld joint efficiency. For allowable joint
efficiency refer to Code

R = Inside radius of cylinder {in.), before corro-
sion allowance is added

a = Half the included (apex) angle of conical
element {(degrees)

4.2.2.4 Design Considerations

4.2.2.4.1 The suction chamber and diffuser
pressure shall be 15 PSIG (internal) and full vacuum
unless otherwise specified.

4.2.2.4.2 The thickness of the suction cham-
ber and diffuser should be reviewed for external pres-
sure using the Code.

4,2,2.4.3 Flat plates and flanges (other than
interfaces) shall be designed utilizing design and con-
struction procedures which have been demonstrated
as being adequate for the service intended and con-
form to aceepted engineering practices.

4.2.2.4.4 The use of cast iron and other mate-
rials may require special design consideration; for
example, the wall thickness of a casting may be dic-
tated by foundry practice rather than structural
design. However, in no case shall the thickness be
less than that required by stress analysis.

4.2.2.4.5 As an alternate to the analytical
methods previously described, the design of ejector
components can be confirmed by pressure test and/or
successful operation of duplicate designs.

4.2.2.4.6 Ejectors should have protective
devices in the system, if a pressure higher than the
design pressure is possible. These protective devices
shall be supplied by the customer unless otherwise
specified. Refer to Section 4.1.7.



LENGTH TOLERANCE MAXTMUM ANGULARITY 2
20 FT. <A B,C ; =3/8” 24" < Do ; 5/16" %
10 FT. <A,B,C< 20 FT.; =1/4" 10" <Do<24"; 1/4"
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=
y
:
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(ANY DIRECTION) (ANY DIRECTION) E
/ | e
Do E
; OUTSIDE ) &
N { _\ DIAMETER E
MAXIMUM ANGULARITY S
(ANY DIRECTION) IS
i
2,
12

A -
THE SAME TOLERANCES APPLY
TO FLANGED CONNECTIONS AS
ARE SHOWN FOR BUTT WELDED
CONNECTIONS
Figure 12

END CONNECTION TOLERANCES FOR EJECTORS
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4.2.2.5 Material Limitations

4.2,2.5.1 All motive steam piping shall be
designed in accordance with ANSI Pressure Piping
Code B31.1.

4,2,2,5.2 Materials for steam nozzles and
steam chests shall be selected for the pressure and
temperature range over which the unit will operate.
Refer to Table 1 for typical materials.

4,2.3 Tolerances for Interfacing

Figure 12 shows tolerance for interfacing hetween
ejector and adjacent piping.

4.2.4 Hydrostatic Testing

4.2.4.1 Steam piping shall be hydrostatically
tested in accordance with ANSI pressure Piping Code
B-31.1

{(Note: All piping up to the steam nozzle throat
shall be tested.)

4.2.4.2 Steam chests shall be tested at the same
pressure used for testing steam piping.

4.2.4.8 Diffusers and suction chambers shall be
hydrostatically tested at 1.3 times the internal design
pressure unless otherwise dictated by the Code.

4.2.4.4 The temperature of the water used to
field hydrotest the ejector components shall not be
below 60°F, unless all materials of construction have
a sufficiently low Nil Ductility Transition Tempera-
ture. If the customer anticipates a field test temper-
ature lower than 60°F, he shall specify the materials
of construction.

4.2.5 Corrosion Allowance

On ejector stage assemblies where the use of cor-
rosion allowance is indicated, the additional material
shall be added to the outside surface.

4.3 Surface Type Condensers for
Ejector Service

4.3.1 Scope

This section includes nomenclature, structural
design, tolerances for interfacing and hydrostatic
testing for steam jet ejector surface condensers.

4.3.2 Nomenclature

In order to establish standard terminology for sur-
face type condensers used on ejector service, refer to
Figure 13.

4.3.3 Structural Design

4.3.3.1 Cylindrical Shell and Water Box
Thickness

The thickness calculated by the following proce-
dures are exclusive of any corrosion allowance

requirements. If corrosion allowance is required, it
shall be added to the calculated thickness.

A. Shells

1. Shells operating under vacuum should be
designed for minimum external pressure of 15
PSIG in accordance with the Code, Paragraph
UG-28. Where stiffening rings are required,
they shall be designed in accordance with the
Code, Paragraph UG-29.
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. Drain 15. Shell
. Bonnet type front and rear head

22. Support feet

1. Gas vapor inlet 8. Channel type front and rear head 16. Shell cover

2. Gas vapor outlet 10. Channel cover 17. Impingement plate

3. Condensate drain 11. Pass partition 18. Tube sheet

4. Coolant inlet 12. Floating head bonnet 19. Floating tube sheet

5. Coolant outlet 18. Fioating head backing flange 20. Tie rods and spacers

6. Vent 14. Tube 21. Transverse batffles or support plates
7

8

Figure 13
NOMENCLATURE
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2. Shells should be designed for the specified
internal pressure in accordance with the Code,
Paragraph UG-27.

B. Water Boxes

Water boxes should be designed for the spec-
ified internal pressure in accordance with
the Code, Paragraph UG-27.

Where a single component serves as both shell
and water box, the larger calculated thickness (from
A or B above) shall be used.

4.3.3.2 Flat Plate and/or Covers
4.3.3.2.1 Unstayed Flat Heads and Covers

Unstayed flat heads and cover plates shall be
designed in accordance with the Code, Paragraph
UG-34.

4.3.3.2.2 Rectangular Flat Plate Without

Ribs
The thickness of rectangular welded end flat
plates shall be determined from the following formula:

Where [
Short
Side J.
Lang .Sidc
7 2.4b

=34-— <£25
9

P = Pressure {psi)

S, = Allowable Stress (psi}

tk = Plate thickness (in.)

4.3.3.2.3 Rectangular Flat Panel Sections

Flat panel widths or plate thickness shall be
determined in accordance with the following formula:

4.3.3.2.3.1 Rib Supported Panels

24

tk K5,
b Py

|
v

Ps = Internal design pressure (psi)

S, = Allowable stress (psi)

5 |10]12]14]15|16]18|20]30|40
k |.205[.256].290].302].312] 325|.332|.334| 334

Note: These factors apply to Channels only and
assume the maximum fiber stress to be equal to 1.5 S,.

4.3.3.2.4 Braced and Stayed Surfaces

For braced and stayed flat plates, refer to the
Code, Paragraphs UG-47, UG-48, UG-49, UG-50 and
UG-53.

4.3.3.3 Dished Heads

The thickness calculated by the following proce-
dures are exclusive of any corrosion allowance
requirements. If corrosion allowance is required, it
shall be added to the calculated thickness.

A. Dished heads operating under internal pres-
sure shall be designed in accordance with the
Code, Paragraphs UG-32, UG-37, UG-38, Part
UHT, UW-13 and all applicable appendices.

B. Dished heads operating under external pres-
sure shall be designed in accordance with the
Code, Paragraphs UCS-33, UG-33, UG-37,
UG-38, UHA-31, Part UHT, UW-13 and all
applicable appendices.

4.3.3.4 Nozzles and Nozzle Openings

Nozzle projection shall be in accordance with the
manufacturer’s normal practice, unless otherwise
specified by the purchaser. The bolt holes in flanged
nozzles should straddle centerlines.

4.3.3.4.1 Nozzles shall be constructed in accor-
dance with the applicable paragraphs of the Code,

4.3.8.4.2 Nozzle openings shall be in accor-
dance with Paragraph UG-36 and other applicable
paragraphs of the Code.

4.3.3.4.3 Nozzle Loads

In general, external loads due to thermal
movement and mechanical loading shall be mini-
mized by the purchaser. It should be understood by
the purchaser that ejector equipment is not intended
to serve as an anchor point for the system. The pur-
chaser may furnish the manufacturer with external
forces and moments on the nozzle and the manufac-
turer will advise if the existing design will permit
acceptance of these conditions.




STEAM JET VACUUM SYSTEMS

4.3.3.5 Tubesheet

More factors influence the design of a tubesheet
than most other heat exchanger parts. These factors
include, but are not limited to, the following:

tube diameter

tube thickness

tube pitch

tube field layout

tube length

number of tubes

. outer tube limit radius

. shell and channel cylinder thickness

. method of attachment of tubesheet to shell and
channel

. shell and tube side design pressures and metal
temperatures

11. shell and tube side material properties

12, method of attachment of tube to tubesheet

13. gasket type

Specifie application of the above parameters can
be determined from applicable procedures such as
those described in other HEI Standards, TEMA, or
other documents.

4.3.3.6 Tubes

The useful life of a tube is normally affected
by the conditions of service, such as fluid chemistry,
operating temperatures and fluid velocities, as well as
the effects of short and long term shutdowns. These
factors should be taken into consideration by the
purchaser when making a tube material selection.

4.3.3.6.1 Internal Pressure

The required wall thickness for tubes under
internal pressure shall be deter-mined in accordance
with the Code, Paragraph UG-27. For U-tubes, see
Paragraph 4.3.3.6.6.

4,3.3.6.2 External Pressure

The required wall thickness for tubes under
external pressure shall be determined in accordance
with the Code, Paragraph UG-28.

4.3.3.6.3 Tube Gages

Average wall or minimum wall tubes are equal-
ly acceptable providing that, in the case of average
wall tubes, the calculated thickness for pressure takes
into consideration the tolerance in wall thickness.

4.3.3.6.4 Unsupported Tube Length

Unsupported tube length shall be limited to
those values given in Table 4. Actual values will be
determined by specific flow conditions.

Rl TSl el o o
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Table 4

MAXIMUM UNSUPPORTED
STRAIGHT TUBE LENGTH - INCHES

Aluminum
Brass/Bronze
Tube Admiralty Stainless Steel
oD Copper-Nickel Nickel-Copper
Inches Titanium Carbon Steel
5/8 46 52
3/4 52 60
7/8 58 67
1 64 74

4.3.3.6.5 Tube Impingement

The condenser shall be designed to avoid direct
impingement of incoming shell-side vapors on the
tubes. If necessary, an impingement protection device
shall be placed in front of each vapor inlet nozzle.
A flow area not less than the nozzle area shall be
provided between the nozzle and the impingement
protection device.

4.3.3.6.6 U-tubes

The minimum radius of U-bends should be
1-1/2 times the tube diameter. The following formula
should be used to determine the required thickness of
the tube wall before bending:

= _P...}.(i..— 1+ i
28, + (0.8P) 4R

Where:

ty = Tube wall thickness before bending {in.)
d = Outside diameter of tubes (in.)

P = Design pressure (psi)

R = Radius of bend at centerline of tube (in.)

Sa= Allowable design stress at the saturation
temperature corresponding to the shell
design pressure (psi).

4.3.3.6.7 Stress Relieving U-bends

Cold work in forming U-bends may induce sus-
ceptibility to stress corrosion cracking in certain
matenials and environments. The purchaser should
specify if stress relief of the U-bends is required.

4.3.3.7 Baffles and Support Plates
4.3.3.7.1 Minimum Spacing

Segmental baffles normally should not be
spaced closer than 1/5 of the shell 1.D. or 2 inches,
whichever is greater.
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4.3.3.7.2 Maximum Spacing

Tube support plates shall be so spaced that the
unsupported tube length does not exceed the value
indicated in Table 4.

4.3.3.7.3 Thickness

The recommended minimum thickness of car-
bon steel support plates and baffles shall be as shown
in Table 5.

Table 5
SUPPORT PLATE AND BAFFLE THICKNESS

Shell Diameter (in.) Support or Baffle Plate (in.)

20 or less 14

20-48 3/8

greater than 48 1/2
4.3.3.7.4 Tube Holes

Baffle holes and tube support holes shall be
nominally drilled 1/64” greater than outside diameter
of tubes. All burrs shall be removed to prevent dam-
age to the tubes,

4.3.3.7.5 Longitudinal Baffles

Longitudinal carbon steel baffles shall have a
minimum total metal thickness of 1/4". Longitudinal
alloy baffles shall have a minimum total metal thick-
ness of 1/8”,

4.3.3.7.6 Support of U-bends

Any U-bend tubes where the diameter of the
bend plus twice the length from the tangent point to
the last support plate exceed the values given in
Table 4 shall have provisions in the U-bend area for
support of such tubes.

4.3.3.8 Tie Rods and Spacers

Tie rods and spacers shall be provided, where
necessary to retain baffles and tube support plates
securely in position.

4,3.3.9 Gaskets

The choice of a suitable gasket material depends
on the flange joint design; therefore, the selection
shall be in accordance with the standards of the man-
ufacturer,

4,3.3.10 Bolting
4.3.3.10.1 Stud and Stud Bolts

For carbon and low alloy steel materials, refer to
the Code, Table UCS-23. Threads to be in accordance
with ANSI B1.1. Sizes 1 inch and smaller shall be
threaded in accordance with the National Coarse
thread series, and 1-1/8 inch and larger in diameter
with the 8 pitch-thread series.
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4.3.3.10.2 Nuts

For carbon and low alloy steel materials, refer
to the Code, Table UCS-23.

4.3.3.11 Corrosion Allowance

The manufacturer is seldom in a position to
determine the proper corrosion allowance. The user,
on the basis of past experience, the existing condi-
tions and the fluids involved, should specify the cor-
rosion allowance. Values given below present nominal
allowances.

Carbon Steel or Cast Iron Pressure Parts — 1/32
inch on each wetted surface unless a greater allowance
is specified by the purchaser.

In those cases where a lined material is used, no
corrosion allowance will be applied to the base mate-
rial unless specified by the purchaser.

The corrosion allowance on a fillet weld, if
required, shall be added to the calculated throat depth.

No corrosion allowance will be furnished on tubes
unless specified by the purchaser.

Non-pressure parts do not require corrosien
allowance unless specified by the purchaser.

Stainless steel and non-ferrous alloys shall have no
corrosion allowance unless specified by the purchaser.

4.3.4 Tolerances for Interfacing

Figure 14 shows tolerances for inter-facing between
the ejector or condenser and adjacent piping.

4.3.5 Hydrostatic Testing

4.8.5.1 The vapor side designed for vacuum shall
be hydrostatically tested to a minimum internal pres-
sure of 20 PSIG.

4.3.5.2 The coolant and/or vapor side designed
for positive pressure shall be hydrostatically tested at
1.3 times the design pressure unless otherwise dic-
tated by the Code.

4.3.5.3 Where combined condensers are used,
each compartment shall be tested separately.

4.,3.5.4 The duration of the test shall be estab-
lished by the manufacturer.

4.3.5.5 The temperature of the water used to
hydrotest the condensers shall not be below 60°F,
unless all the materials of construction have a suffi-
ciently low Nil Ductility Transition Temperature. If the
customer anticipates field test temperature lower than
60°F, he shall specify the materials of construction.
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5.0 PERFORMANCE TEST STANDARDS

5.1 Purpose of Tests
5.1.1 Uniform Methods

These test standards provide methods of factory
testing steam jet ejectors which will permit evalua-
tion of test results regardless of the source of ejector
manufacture, The methods given in these standards
are the results of a great many years of accumulated
experience within the industry. They are sufficiently
reliable and accurate to provide both the purchaser
and the manufacturer with assurance that all steam
Jjet ejectors tested in accordance with them will meet
the performance determined by the test and that
these ejectors have been tested under conditions that
will tend to obviate any possible difficulties after the
ejectors have been installed in the purchaser’s plant.

5.1.2 Alternate Methods

These test standards permit alternate methods of

testing. For example, while single-stage and multi-.

stage noncond-ensing ejectors shall be tested as a
complete unit, multi-stage condensing ejectors may,
at the manufacturer’s option, be either stage tested or
tested as a complete unit, If stage tested, the manu-
facturer shall provide the test equipment required
for such tests. The Heat Exchange Institute has sat-
isfied itself concerning the accuracy of these alter-
nate testing methods.

5.1.3 Unnecessary Testing

These standards are not intended to encourage
unnecessary testing., In some instances, the manu-
facturer’s method of design, manufacture and inspec-
tion are such that tests on similar units may be
eliminated without prejudice to the purchaser.

5.1.4 Witness Tests

It is recommended that all routine witness accep-
tance tests on steam jet ejectors be conducted in accor-
dance with the Heat Exchange Institute Standards.

5.1.5 Field Tests

These Standards cover applicable procedures for
factory testing but may also be used for field testing
provided the requirements of Paragraph 5.9.3 “Field
Tests” are observed.

5.2 Scope of Tests
5.2.1 Test Items

To test a steam jet ejector adequately, it is nee-
essary to establish the correct values for the items
listed below, when the ejector is operating at the
design point and at specified steam and water
conditions:

(a) load components
{b) suction temperature
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(c) suction pressure

(d) discharge pressure

(e} total steam consumption

(f) total water consumption, if the ejector has con-
densers

5.2.2 Test Gases

Since the manufacturer cannot be expected to
maintain facilities for testing steam jet ejectors using
all of the numerous entrained gas mixtures and at ali
of the many entrained gas temperatures for which
ejectors are used, it shall suffice in all cases to test
ejectors with dry air at normal room temperature,
or with steam at any temperature convenient for the
manufacturer, or with a mixture of dry air at nor-
mal room temperature and steam at any convenient
temperature. (This applies to both shop tests and
field tests.)

5.3 Equivalent Loading

Individual steam jet ejectors shall be tested to meet
the “70°F Air Equivalent”, as calculated in the fol-
lowing paragraphs: (For equivalent loading of ejector
stages in multi-stage ejector systems refer to Section
5.10.3).

5.3.1 Air

When the specified air temperature is greater than
70°F, the 70°F air equivalent is determined by using
the temperature entrainment ratio data for air shown
in the “Temperature Entrainment Ratio Curve”,
Figure 15*. For example, the 70°F air equivalent of

100 1bs per hour of 800°F air is % (from Figure
15} = 121.1 1bs per hour.
5.3.2 Steam

When the specified gas to be handled is steam, the
70°F steam equivalent is first determined by using

*This temperature entrainment ratio curve is the result of
extensive research work sponsored by the Heat Exchange
Institute. It is based on the results of 97 carefully run
tests comprising a total of 659 individual test points, The
results of the first 72 tests were reported in “Effect of
Temperature of Entrained Fluid on the Performance of
Steam dJet Ejectors”, W.C. Holton and E.J. Schulz, ASME
Transactions, Volume 73, No. 7, October 1951, pages 911-
913. Subsequent tests resulted in a minor change in the
results reported in this paper, and the final results are
shown in Figure 15. These tests were run at absolute
pressures ranging from 3 mm Hg to 10 in. Hg. As the
results were independent of the absclute pressure, it is
believed they are sufficiently accurate for all commercial
work at absolute pressures both lower and higher then
the test absolute pressures.
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the temperature entrainment ratio data for steam
shown in Figure 15; and the 70°F air equivalent is
then determined by using the “Molecular Weight
Entrainment Ratio Curve” Figure 16*%*. For exam-
ple, the 70°F steam equivalent of 1000 Ibs per hour of

450 °F steam is —50hgr- (from Figure 15) = 1143 lbs
per hour (70°F steam equivalent). The 70°F air equiv-
alent of this 70°F steam equivalent is % (from
Figure 16) = 1411 lbs per hour.

5.3.3 Mixtures of Air and Steam

When the specified gas is a mixture of air and
steam, the 70°F air equivalent of each is determined
separately and then added together. For example, for
660 lIbs per hour mixture consisting of 200 lbs per
hour air and 460 lbs per hour steam at 400°F the

70°F air equivalent of the air component is 9220(1)%

{from Figure 15) = 217 lbs per hour. The 70°F air
equivalent of the steam component is 89 2‘? {from
Figure 15) = 516 Ibs per hour and %1‘17 (from Figure

16) = 637 lbs per hour. The 70°F air equivalent of the
mixture is therefore, 217 + 637 = 854 1bs per hour.

The curve “Entrainment Ratio Curves for Air -
Steam Mixtures”, Figure 17, may be used to simplify
the above calculations. For example, the percent air
in the mixture is %gg = 80.3% air, From Figure 17,
for 30.3% air and 400°F the T0°F air equivalent is

B8O = 854 Ibs per hour.

5.3.4 Mixtures of Gases Not Including Steam

When the specified gas is a mixture of gases not
including steam, the 70°F air equivalent is deter-
mined by first calculating the average molecular
weight of the mixture; then the air equivalent is
determined by using Figure 16; and, finally, the 70°F
air equivalent is determined by using the air curve
from Figure 15.

For example, the average molecular weight of a
mixture of gases is calculated as follows:

** This molecular weight entrainment ratio curve is

the result of extensive research work sponsored by the
Heat Exchange Institute. It is based on the results of 35
carefully run fests comprising a total of 279 individual
test points and involving 13 pure gases and 12 mixtures
of gases as reported in “Effect of Molecular Weight of
Entrained Fluid on the Performance of Steam Jet
Ejectors”. W. C. Holton, ASME Transactions, Volume 73,
No. 7, October, 1951, pages 905-910.

The molecular weight entrainment ratio correction will
vary with the ratio of entrained fluid to motive fluid and
the pressure range over which an ejector operates. Figure
16 represents average correction values found by test and
should give reasonable accuracy at suction pressures
above 10mm HgA_

(1) When the gas flow is specified in pounds per
hour, divide the weight flow of each gas by its molec-
ular weight to determine the pounds moles per hour
of each gas. The average molecular weight is the total
weight flow of the mixture divided by the sum of the
pounds moles per hour. For example, the mixture
consists of 6 lbs per hour CO3 24 lbs per hour of Ny 62
Ibs per hour of Ar, and 108 lbs per hour of He, or
total of 200 Ibs per hour.

6 =+ 44 = 0.136 b moles per hr of CO;
24 + 28 =0.857 Ib moles per hr of Ny
62 + 40 =1.550 b moles per hr of Ar

108 =+ 4 =27.0001b moles per hr of He
200 29.543 total lb moles per hr

The average molecular weight of the gas is
_200 _ = 6.77.
29543 <

(2} If the specified analysis of the 200 Ibs per hour
of mixture is by weight, divide the percentage of each
gas by the molecular weight of that gas. The recipro-
cal of the sum of the results is the average molecular
weight, For example, analysis of the gas by weight
percent:

COg = 3%; N = 12%; Ar = 31%; and, He = 54%.

C020.03 + 44 = 0.000682

N20.12 + 28 = 0.004286
Ar 0.31 + 40 = 0.007750

He 0.54 + 4 =0.135000
0.147718

The average molecular weight of the gas is

1 _
0.1477 - 6.77.

(3) If the specified analysis of the mixture is by
volume, multiply the percentage of each gas by the
molecular weight of that gas. The sum of the results
is the average molecular weight. For example, anal-
ysis of the gas by volume percent:

COqg = 0.5%; Np = 2.9%; Ar = 5.2%; and, He = 91.4%.
Molecular weights of these gases are:

COg = 44; N3 = 28; Ar = 40; and, He = 4.

CO2 0.005 x 44 =0.22

Nz 0.029 x 28 =081
Ar 0.0562 x 40 =208
He 0914 x 4 =3.66

6.77

The average molecular weight of the gas is 6.77.
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ENTRAINMENT RATIO

Based on all gases being handled at 70°F to B0°F temperature and above 10 mm HgA suction pressure
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The air equivalent of the 200 lbs per hour of mix-

ture is fg% (from Figure 16) = 435 lbs per hour.

If the temperature of the 200 lbs per hour of mix-
ture is 400 degrees, the 70°F air equivalent is

L942.15cyc, (from Figure 15) = 472 lbs per hour.
5.3.5 Mixtures of Gases Including Steam

When the specified mixtures of gases include
steam, the 70°F air equivalent of the steam compo-
nent is calculated as indicated in paragraph 5.3.2
above; and, the 70°F air equivalent of the other gases
is calculated as indicated in paragraph 5.3.4 above;
and, the two 70°F air equivalents are added.

The ejector may be tested with dry air at normal
room temperature or with steam at any convenient
temperature or with a mixture of dry air at normal
room temperature and steam at any convenient tem-
perature, at the manufactureris option. The 70°F air
equivalents of the test capacities established are then
calculated by the methods outlined in paragraphs
5.3.1, 5.8.2, or 5.3.3 above.

5.4 Test Loads
5.4.1 Number of Test Points

Before readings are taken, the gjector shall be run
until steady state conditions are reached so that no
systemic changes occur in the instrument readings
during the test.

The relation of the test load at the design point to
the design capacity shall be determined as follows:

{a) By establishing not less than three load values
spaced to bracket the design capacity within plus or
minus 20%.

{b) Making all necessary corrections to test load
values to convert them to 70°F air equivalent values.

{c) Plotting these 70°F air equivalent values versus
suction pressure and discharge pressure and drawing a
curve through them similar to that shown in Figure 18.

5.4.2 Dry Air Tests

The device employed to measure the flow rate of air
handled by the ejector will vary between equipment
manufacturers, but the approved flow measurement
devices are listed and shall reference the appropriate
standard for calibration. Orifice method; HEI, ASME
and Square Edge Orifices can be employed. Flow
meter method; rotary piston or turbine type of flow
meter can be employed.
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HEI flow nozzles per Figure 19 provide the basis
for all calculations in this standard. At the manu-
facturers option either critical flow or suberitical flow,
or both, may be used. See paragragh 2.4 for a defini-
tion of critical and subcritical flow.

5.4.2.1 Critical Flow

With critical flow, the air flow rate through these
HEI type flow nozzles shall be calculated by using the
following equation:*

_ 1503 CD,2P, (1

W, =
VT
where:
W, = Air flow rate, pounds per hour
C = Nozzle coefficient
D, = Diameter of nozzle throat, in.
P, = Upstream static pressure,

pounds per square inch absolute

Ty = Upstream temperature, °F absolute

* For gases which follow perfect gas laws, the basic equa-
tion for eritical flow through a nozzle is:

P

w =1890CD.2 2 A (2)
where:

w = Flow rate, pounds per hour

C = Nozzle coefficient

D, = Diameter of nozzle throat, inches

P, = Upstream static pressure, pounds per square inch

absolute
T: = Upstream temperature, °R
V) = Upstream specific volume, cubic feet per pound
1
2 Y k-1 (k)
k+1 k+1
= "
2 —2_1 %
— @4 k-1
[ (7)™

where:

k = Ratio of specific heats

B = Ratio of nozzle diameter to pipe diameter

- T
N & T =

For dry air V, = 2.699F, and k = 1.400.

With the critical flow testing arrangement recommended,
B approaches zero so the Z' is equal to 0.484 and equation
(2) reduces to equation (1).
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The nozzle coefficients to use in equation (1) shall
be taken from Figure 20*. The Reynolds number
needed to determine the nozzle coefficient from Fig-
ure 20 shall be calculated for the prevailing test con-
ditions by the following equation:

W, (3)
- W
Rp = 236pD,
where:
Rp = Reynolds number
W. = Air flow rate, pounds per hour

r = Absolute viscosity of air,
pounds per foot-second

Dn = Diameter of nozzle throat, inches

The value for viscosity to use in the above equation
is obtained from Figure 21.

The flow values given in the tables, Figures 22 and
23, were calculated by using equation (2) and the
proper nozzle coefficient for critical flow from Figure
20. Interpolation can be used to obtain intermediate
values for a flow nozzle.

5.4.2,2 Subcritical Flow

With subcritical flow the air flow rate through
these nozzles shall be calculated by using the follow-
ing equation:

W, =1890 CD2 Y’ Pi-Py (4)
Vi
where:
W, = Air flow rate, pounds per hour
C = Nozzle coefficient
D, = Diameter of nozzle throat, inches

P; = Upstream static pressure, pounds per
square inch absolute

P> =Downstream static pressure, pounds per
square inch absolute

V1 = Upstream specific volume, cubic feet per
pound

*These nozzle coefficients are the result of some extensive
recalibration work on the Heat Exchange Standard Flow
Nozzles sponsored by the Heat Exchange Institute and
reported in “Small Nozzles at Low Values of the Diameter
Ratio”, H.S. Bean, R.M. Johnson and T.R. Blakeslee,
ASME Transactions, Volume 76, No. 6, August 1954,
pages 863 - 871.

(«;)k o,
Y= kl“f“ N

1-poyk
where:
k Ratio of specific heats
v o= -1-3— = Ratio of expansion through the nozzle
B = Ratio of nozzle diameter to pipe diameter

For dry air k = 1.400 and for the subcritical flow
testing arrangement recommended, B approaches
zero. The value of Y' for various ratios of P; to P is
as follows:

P2 P‘z P2

i} Yr —“ Yr i) Yr

P[ Pl Pl
1.00 | 1.000 | 0.90 | 0.9449 | 0.80 | 0.8864
0.99 | 0.0946 | 0.89 | 0.9392 | 0.79 | 0.8804
0.98 | 0.9892 | 0.88 | 0.9335 | 0.78 | 0.8743
0.97 | 0.9838 | 0.87 | 0.9278 | 0.77 | 0.8682
0.96 | 0.9783 | 0.86 | 0.9220 | 0.76 | 0.8620
0.95 | 0.9728 | 0.85 | 0.9162 | 0.75 | 0.8558
0.94 | 0.9673 | 0.84 | 0.9103 | 0.74 | 0.8495
0.93 | 0.9618 | 0.83 | 0.9044 | 0.73 | 0.8432
0.92 | 0.9562 | 0.82 | 0.8984 | 0.72 | 0.8369
0.91 | 0.9506 | 0.81 | 0.8924 | 0.71 | 0.8305

The nozzle coefficients to use in equation (4) shall
be taken from Figure 20. The Reynolds number need-
ed to determine the nozzle coefficient from Figure 20
shall be calculated for the prevailing test conditions
by using equation (3).

To simplify the determination of the air flow rates,
Figures 24 and 25 show plots of calculated air flow
rates versus pressure drop in inches of water (Figure
24) and versus pressure drop in inches of mercury
{(Figure 25) for a C of 1.00, a k of 1.400 and a B of 0.
Flow values taken from these curves should be cor-
rected by using the proper nozzle coefficient taken
from Figure 26* and by making any temperature cor-
rection that is necessary by using the proper tem-
perature correction factor taken from Figure 27.

Yy
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STEAM JET VACUUM SYSTEMS

ABSOLUTE VISCOSITY X 10° POUNDS PER FOOT SECOND
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

BAROMETRIC PRESSURE 28.8 In. Hg

NOZZLE CAPACITIES FOR CRITICAL FLOW OF AIR
In pounds per hour based on dry air

BAROMETRIC PRESSURE 29.4 In. Hg

Ajr Temperature F Air Temperature F
H.E.I.| Nozzle H.E.I.{| Nozzle
No. Diam. 50 60 70 80 0 100 No. | Diam. 50 60 70 80 a0 100
1 .063 358 | 3.54 | 3.50 | 347 § 343 | 3.40 1 .063 3.65 | 361 | 3.58 | 3.54 | 3.51 | 3.47
2 094 80071793 | 785 798| 7.70 | 7.63 2 094 8.18 | 809 | 801 | 793 | 7.87 | .79
3 125 143 { 141 ] 140 | 138 | 13.7 | 136 3 125 146 | 144 | 143 | 141 | 140 | 139
4 .188 324 | 321 31.8| 315 | 31.2 | 30.9 4 .188 33.1 | 328 | 324 | 321 | 31.8 | 315
5 .250 576 | 57.0 | 564 | 55.9 | 55.3 | 54.8 5 250 588 | 582 | 576 | 570 | 56,5 | 56.0
6 .313 904 | 895 | 88.6 | 878 | 86.9 | 86.1 6 .313 923 | 914 | 905 | 89.6 | 88.8 | 88.0
7 375 130. | 129. | 128, | 127. | 125. | 124. 7 375 133. | 132. | 131. | 129. | 128. | 127.
8 500 232, | 230. | 228. | 226. | 223. | 221. 8 500 237. | 235. | 232. | 230. | 228, | 226.
9 750 524. | 519. | 514. | 509. | 504. | 500. 9 150 536. | 530. | 525. | 520. | 515. | 510.
10 1.000 936. | 926. | 917. | 908. | 900. | 892. 10 1.000 955. | 946. | 937. | 928. | 919. | 910.
BAROMETRIC PRESSURE 29.0 In. Hg BAROMETRIC PRESSURE 29.6 In. Hg
Air Temperature F Air Temperature F
H.E.L.}{ Nozzle H.E.I.| Nozzle
No. | Diam. 50 60 70 80 90 100 No. | Diam. 50 60 70 80 90 100
i 063 360 | 3.56 | 3.53 | 3.49 | 3.47 | 3.43 1 063 368 | 364 [ 360 | 3.57 | 353 | 3.50
2 094 806 | 798 | 790 | 783 | 7.76 | 7.68 2 094 823 | 815 | 807 | 799 | 792 | 7.85
3 .125 144 | 142 | 141 | 13.9 | 13.8 | 13.7 3 125 146 | 145 | 144 | 14.2 | 141 | 14.0
4 .188 32.6 | 323 | 320 | 317 314 | 31.1 4 7| .188 333 | 33.0 | 327 | 32.3 | 32.0 | 31.7
5 .250 580 | 574 | 56.8 | 56.3 | 55.7 | 55.2 5 .250 59.1 | 5686 | 58.0 | 574 | 56.9 | 56.4
6 313 91.1 | 902 | 894 | 884 | 87.6 | 86.8 6 313 930 | 920 | 91.1 | 90.2 | 89.4 | 886
7 375 131. | 130. | 129. | 128. | 126. | 125. 7 375 134. | 133. | 131. | 130. | 129. | 128.
8 500 234. | 232. | 229. | 227. | 225. | 223. 8 500 239. | 236. | 234. | 232 | 230. | 228,
9 750 529. | 523. | 518. | 513. | 508. | 503. 9 7560 540. | 534. | 529. | 523. | 518. | 514.
10 1.000 | 942, | 933. | 924. | 915. | 906. | 898. 10 1000 | 961. { 953. | 943. | 934. | 925, | 916.
BAROMETRIC PRESSURE 29.2 In. Hg BAROMETRIC PRESSURE 29.8 In. Hg
Air Temperature F Atr Temperature F
H.E.I.| Nozzle H.E.L} Nozzle
No. Diam. 50 60 70 80 90 100 No. | Diam. 50 60 70 80 90 100
1 063 363 | 3.69 | 355 | 352 | 348 | 3.45 1 063 3.70 | 3.66 | 3.63 | 3.59 | 3.56 | 3.52
2 094 812 ( 804 | 796 | 7.89 | 7.81 | 7.74 2 .094 820 | 821|812 | 8.04 | 797 | 7.90
3 125 145 143 | 142 | 140 | 13.9 | 13.8 3 125 148 | 146 | 145 143 | 142 | 141
4 .188 329 | 325 | 322 | 319 | 316 | 31.3 4 .188 336 ] 332 | 329 | 326 | 32.3 | 32.0
5 250 584 | B78 | 57.2 | 56,6 | 56.1 | 55.6 5 250 59.5 | 59.0 | 584 | 57.8 | 57.3 | 56.8
6 313 91.7 | 908 | 89.9 | 89.0 | 88.2 | 874 6 313 936 | 927 | 91.8 [ 90.9 | 90.0 | 89.2
7 375 132. | 131, | 130. | 128. | 127. | 126. 7 375 135. | 134. | 132, | 131. | 130. | 129.
8 500 235. | 283. | 231. | 229. | 227. | 224, 8 500 240. | 238. | 236. | 233. | 231. | 229.
9 750 532. | 526. | 522. | 516. | 511. | 507. 9 750 543. | 538. | 533. | 527. | 522, | 517.
10 1.000 | 949. | 940. | 930. | 921. | 912. | 904. 10 1.000 | 968. | 959. | 950. | 940. | 931. | 923.
Figure 22
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STEAM JET VACUUM SYSTEMS

NOZZLE CAPACITIES FOR CRITICAL FLOW OF AIR {CONTINUED)
In pounds per hour based on dry air

BAROMETRIC PRESSURE 30.0 In. Hg BAROMETRIC PRESSURE 30.6 In. Hg
Air Temperature F Air Temperature F
H.E.I.| Nozzle H.E.L.| Nozzle
No. | Diam. 50 60 70 80 90 100 No. | Diam. 50 60 70 80 90 100
1 .063 373 | 369 | 365 | 362 | 3.58 | 3.55 1 063 380 | 377 | 3.73 ] 3.69 | 3.66 | 3.62
2 .094 835 1 826 | 818 | 8.10 | 8.02 | 7.95 2 094 852 | 843 | 835 {827 | 819 | 811
3 125 149 | 147 | 146 | 144 | 143 | 142 3 125 152 | 15.0 | 149 | 14.7 | 146 | 145
4 .188 338 | 335 | 33.1 | 328 | 32,5 | 32.2 4 .188 345 | 341} 33.8 | 335 | 33.1 | 32.8
5 250 509 | 594 | 588 | 582 | 57.7 | 57.1 5 .2560 61.1 | 606 | 60.0 | 59.4 | 58.9 | 58.3
6 313 942 | 93.3 | 924 | 915 | 90.6 | 89.8 6 313 96.1 | 95.2 | 94.2 | 93.3 | 924 | 91.6
7 375 136. | 135. | 133. | 132. | 131. | 130. 7 375 139. | 137. | 136. | 135. { 133. | 132.
8 .500 242, | 240. | 237. | 235. | 233. | 231. 8 500 247, | 244. | 242, | 240. | 237. | 235.
9 150 547. | 542. | 535. | 531. | 526. | 521, 9 750 558. | 553. | 547. | 542. | 537. | 532.
10 1.000 | 975. | 965. | 956. | 947. | 938. | 929. 10 1.000 | 994. | 984. | 976. | 966. | 957. | 948,
BAROMETRIC PRESSURE 30.2 in. Hg BAROMETRIC PRESSURE 30.8 In. Hg
Air Temperature F Air Temperature F
H.E.L.| Nozzle H.E.L.| Nozzle
No. | Diam. 50 60 70 80 90 100 No. | Diam. 50 60 70 80 90 100
1 .063 3.75 | 3.72 | 3.68 | 364 | 3.61 | 3.567 1 063 3831379 | 375|372 | 368 | 3.64
2 .094 841 | 832 | 824 | 815 | 8.08 | 8.01 2 094 858 | 849 | 840 | 832 | 8.24 | 816
3 125 150 | 14.8 | 14.7 | 145 | 144 | 14.3 3 125 1531151 | 15,0 | 148 | 147 | 145
4 .188 340 | 33.7 | 333 | 33.0 | 32.7 | 324 4 .188 347 | 344 | 340 | 33.7 | 334 | 331
5 250 603 | 59.7 | 59.2 | 58.6 | 58.1 | 57.4 5 250 615 | 60.9 | 60.3 | 59.8 | 59.2 | 58.7
6 313 949 | 939 { 93.0 | 92.1 | 91.3 | 90.4 6 .313 96.8 | 958 | 94.9 | 93.9 | 93.1 | 92.2
7 375 137. | 135. | 134. | 133. | 132. | 130. 7 375 140. | 138. | 137. | 136. | 134. | 133.
8 .500 244. | 241. | 239. | 237. | 234. | 232 8 .500 249, | 246. | 244, | 241. | 239. | 237.
9 150 551. | 545. | 540. | 535. | 529. | 524, 9 750 562. | 556. | 551. | b46. | 541. | 536.
10 1.000 | 981. | 971. | 963. | 953. | 944. | 935. 10 1.000 | 1001.| 991. | 981. | 973. | 963. | 954.
BAROMETRIC PRESSURE 30.4 In. Hg BAROMETRIC PRESSURE 31.0 In. Hg
Air Temperature F Air Temperature F
H.E.I.| Nozzle H.E.I.| Nozzle
No. | Diam. 50 60 70 80 20 100 No. | Diam. 50 60 0 80 90 100
1 063 378 | 3.74 | 3.70 | 3.67 | 3.63 | 3.60 1 .063 3861 382|398} 3.74 | 3.70 | 3.67
2 094 846 | 838 | 829 | 821 | 813 | 8.05 2 094 863 | 855 | 8.46 | 8.38 | 8.30 | 8.22
3 125 151 | 149 | 148 | 146 | 145 | 144 3 125 154 | 152 | 151 149 | 148 | 146
4 .188 341} 339|336 3321 329 | 326 4 .188 349 | 3461 342 | 339 | 33.6 | 33.3
5 250 60.7 | 60.2 | 59.6 | 59.0 | 58.56 | 57.9 5 .250 619 | 61.3 | 60.8 | 60.2 | 59.6 | 59.1
6 313 955 | 945 936 | 927 | 91.8 | 91.0 6 313 974 | 964 | 955 | 94.6 1 93.7 | 92.8
7 375 138. | 136. | 135. | 134. | 132. | 131. 7 375 140. | 139. | 138. | 136. | 1356. | 134.
8 .500 245. | 243. | 240. | 238. | 236. | 234. 8 500 250. | 248. 1 245. | 243. | 241. | 238.
9 750 554. | 549. | 544, | 539. | 533. | 530. 9 L7150 566. | 560. | 554. | 549. | 544. | 538.
10 1.000 | 988. | 978. | 969. | 960. | 951. | 942. 10 1.000 | 1008.| 998. | 988. | 979. | 970. | 961.
Figure 23

39



STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

The following illustrates the use of Figures 24, 26
and 27:

Nozzle throat diameter 0.125 in.
Barometric pressure 29.0in. Hg
Differential pressure across nozzle 10.0 in. Hg
Ambient air temperature 90°F

Flow rate (from Figure 24) = 1143 lbs per hr of
70°F air per square inch of nozzle throat area with a
nozzle coefficient of unity.

Nozzle throat area = 0.01227 square inches
Temperature correction (from Figure 27) = 0.982
Nozzle coefficient (from Figure 26} = 0.966

Actual flow rate = 1143 x 0.01227 x 0.982 x 0.966 =
13.3 Ibs per hr of 30°F air.

5.4.3 Steam Tests

The quantity of steam handled by the steam jet
ejector shall be measured by means of the Heat
Exchange Institute Standard Flow Nozzles as shown
in Figure 19. Critical flow shall be used.

The steam flow rate through these flow nozzles
shall be calculated by using the following equation®:

P
W,=8924CD2 \/ ¥ (5)

* The average value of k for steam is 1.300 and for the
critical flow testing arrangement recommend, 3 is never
greater than 0.25 and in practically all cases is 0.20 or
less. Using 1.3000 for k and 0.20 as an average for B, Z’
becomes 0.4722 and substituting this value for Z' in basic
flow equation (2} reduces it to equation (5).

40

where:
W, = Steam flow rate, pounds per hour
C = Nozzle coefficient
D, = Diameter of nozzle throat, inches

P; = Upstream static pressure, pounds per square
inch absolute

V: =Upstream specific volume, cubic feet per
pound

Using the above equation, the curves, Figures 28,
29, 30 and 31, have been plotted for the steam flow
rate (W;) on the basis of one square inch of nozzle
throat area and a flow coefficient of 1.00 for pres-
sures from 0 to 620 psig and from saturation tem-
perature to 1000°F total temperature. Flow values
taken from these curves shall be corrected by using
the proper nozzle coefficient from Figure 20. The
Reynolds number needed to determine the nozzle
coefficient from Figure 20 shall be calculated for the
prevailing test conditions by using equation (3) in
Paragraph 5.4.2 with the value for viscosity in equa-
tion (3) obtained from Figure 32.%*

5.4.4 Air and Steam Mixture Tests

The guantity of a mixture of air and steam or
water vapor handled by the steam jet gjector shall be
determined by measuring the air flow rate, as out-
lined in Paragraph 5.4.2, and measuring the steam
flow rate, as outlined in Paragraph 5.4.3. The air
and steam handled shall be mixed in a mixing cham-
ber as shown in Figure 36 before being entrained by
the ejector.

**Steam viscosity taken from “The Viscosity, Thermo
Conductivity and Prandtl Number for Air, 0z, N, NO,
Hy, CO, COq, He0, He and Ar” by Joseph Hilsenrath and
Y. 3. Toulaukian, ASME Transactions, Volume 76, No. 6,
August 1954, pages 967-985.
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

DIFFERENTIAL PRESSURE ~ INCHES WATER
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

FLOW CORRECTION
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STEAM JET VACUUM SYSTEMS

THOUSANDS OF POUNDS OF STEAM PER HOUR PER SQUARE INCH OF NOZZLE AREA
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

THOUSANDS OF POUNDS OF STEAM PER HOUR PER SQUARE INCH OF NOZZLE AREA
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5.5 Temperature
5.5.1 General Precautions

The following precautions shall apply to all tem-
perature measurements:

(a) The instruments shall be precise, accurate and
readable within one degree Fahrenheit. The operat-
ing range shall be suitable for the temperatures to be
measured.

(b) Thermowells shall be as thin as practical and
their bore shall fit the instrument. The cutside sur-
face shall be clean and free of corrosion or oxide.

{c) When the temperatures being measured are for
use in the final calculation of results, duplicate
instruments shall be used.

(d) The temperature measuring device shall be
installed in a flowing stream of the fluid being mea-
sured, and so located that no significant quantity of
heat shall be transferred to it by radiation or conduc-
tion other than that of the medium being measured.

(e) When the fluid being measured is at high tem-
perature, the pipe or vessel in which the instrument
is installed shall be well insulated.

5.5.2 Suction Temperature

It is very difficult to measure accurately the tem-
perature of low mass flows, such as the vapors enter-
ing an ejector suction. Wherever possible, this
temperature shall be calculated from the conditions
existing ahead of the measuring flow nozzle.

For air (see Paragraph 5.4.2), the temperature
shall be measured upstream from the measuring flow
nozzle. This temperature shall be used as the tem-
perature entering the ejector suction. The change in
temperature, due to expansion across the flow nozzle,
15 insignificant.
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For steam (see Paragraph 5.4.3), the temperature
shall be computed from the pressure and tempera-
ture existing ahead of the measuring flow nozzle
using the steam tables or the Mollier Chart at con-
stant enthalpy.

For a mixture of air and steam (see Paragraph
5.4.4), the temperature shall be calculated by using
the following equation:

= W Cpsts + W, Cpnta (6)

o W, Cps + W, Cps

where:
tm = Temperature of mixture at ejector suction, °F
W, = Steam flow rate, pounds per hour

Cps = Specific heat of steam at constant pressure
corresponding to downstream absolute pres-
sure (0.45 approximately)

ts = Temperature of steam on downstream side of
nozzle, °F

W, = Air flow rate, pounds per hour

Cpa = Specific heat of air at constant pressure (0.24
approximately)

ta = Ambient air temperature, °F

The following example illustrates the use of the
above equation:

Upstream steam conditions 250 psig, 450°F. T.T.

Ambient air temperature 70°F
Steam flow 460 lbs per hr
Air flow 200 1bs per hr
Ejector suction pressure 1.4 in. HgA

For the above conditions, enthalpy of steam equals
1231.5 BTU per pound. Corresponding steam tem-
perature at 1.4 in. Hg Absolute pressure and
enthalpy of 1231.5 is 379°F. The temperature of the
mixture is therefore:

_ (460x0.45x379) +(200x 0.24 x 70) _

= 320°F
o (460 x 0.45) + (200 x 0.24) 320

5.6 Pressure Measurement
5.6.1 General

5.6.1.1 Any pressure device capable of a verifi-
able accuracy within the tolerances specified in this
Standard, shall be considered satisfactory for mea-
suring pressures in compliance with this test specifi-
cation unless otherwise noted in the following
paragraphs.
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5.6.1.2 The following precautions shall apply to
all subatmospheric pressure measurements:

5.6.1.2.1 Pressure measurements shall be
taken at a pressure tap that is not subject to velocity
effects and will therefore indicate static pressure.

5.6.1.2.2 Spring type vacuum gauges shall not
be used.

5.6.1.2.3 Gauge tubes of either barometers or
mercury columns shall have an inside bore diameter
not less than 0.25 inches and preferably 0.5 inches at
the section where the reading is made.

5.6.1.2.4 Gauge tubes shall be clean and free of
any visible oxide, dirt, or collected meisture.

5.6.1.2.5 Mercury or other gauge liquid shall be
pure, clean and free of dirt and oxide.

5.6.1.2.6 The line connecting the vacuuam
gauge to the ejector shall be purged pericdically, by
bleeding air through the line, to eliminate moisture.
It shall be tested for leaks by isolating the line and
gauge from the gjector to see that the gauge reading
does not change.

5.6.1.2.7 The line connecting the vacuum
gauge to the ejector shall have a minimum bore of 1/4
inches. If rubber tubing is used, it shall have a mini-
mum wall thickness of 3/16 inches.

5.6.2 Barometric Pressure

5.6.2,1 A mercury barometer is the preferred
instrument for normal barometric pressure mea-
surement. The accuracy of this barometer shall be
established by periodic checks against Standards as
specified in the latest edition of the ASME Power
Test Code, “Instruments and Apparatus”, 19.2, Pres-
sure Measurement.

When comparing the mercury column readings
and barometer readings, both shall be corrected to
32°F in accordance with Figure 33.

Electronic precision manometers can be
employed as an alternative if the reading tolerance is
a maximum 0.2% of the reading.

5.6.2.2 The barometer shall be located near the
test apparatus and substantially at the same eleva-
tion.
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5.6.3 Suction Pressure

5.6.3.1 Suction pressure measurements shall be
taken in the suction chamber of the ejector or in the
suction line to the ejector (of the same pipe size, or
larger, as the ejector suction connection). See figure
38 for location.

5.6.3.2 Absolute Pressure Measurement 4.0
inches to 30 inches of mercury.

5.6.3.2.1 Mercury columns or manometers are
preferred in this range.

Mercury manometers shall have a scale grad-
uated in 0.1 inches Hg (or 2.54 mm Hg) and readings
estimated to 0.05 inches Hg (or to the nearest 2.54
mm Hg, if mm Hg scale is used).

5.6.3.2.2 The verifiable accuracy for this range
must be 0.05 inches Hg or better.

5.6.3.3 Absolute Pressure 0.5 Inches to 4.0
Inches of Mercury

5.6.3.3.1 Precision electronic absolute pressure
instrumentation is preferred for this range.

5.6.3.3.2 Alternatively, mercury columns or
manometers, using straight tubes with scales gradu-
ated to 0.1 inches (or 2.54 mm Hg) and vernier read-
ings to 0.01 inches (or 0.25 mm Hg) shall be used.

5.6.3.3.3 The verifiable accuracy for this range
must be 0.02 inches Hg or better.

5.6.3.4 Absolute Pressure 1.0 mm to 12.7 mm
of Mercury

5.6.3.4.1 Precision electronic absolute pressure
instrumentation is preferred for this range.

5.6.8.4.2 The verifiable accuracy for this range
must be 0.004 inches (0.1mm) Hg or better.

5.6.3.5 Absolute Pressure 50 Microns to 1.0
mm Hg

5.6.3.5.1 Precision electronic absolute pressure
instrumentation is preferred for this range.

5.6.3.5.2 The verifiable accuracy for this range
must be + 2% of reading or better.

5.6.3.5.3 Alternatively, a suitable McLeod
gauge shall be used.

The McLeod gauge shall be of multiple scale
type allowing successive readings of the same sample
at varying compression ratios. Duplication of reading
within 4% for two successive compression ratios shall
be evidence of lack of condensation in the sample.

5.6.3.5.4 A suitable indicating vacuum gauge
shall be connected in parallel with the McLeod gauge
and readings taken on the McLeod gauge only when
the indicating gauge shows that the pressure being
read is steady. The indicating gauge shall respond
to changes in pressure at a rate not less than 5 sec-
onds for 10% change in pressure.
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CORRECTION IN INCHES OF MERCURY

TEMPERATURE CORRECTIONS FOR BAROMETER AND
VACUUM COLUMN READINGS TO STANDARD 32°F BASIS.

Note—Subtract correction from observed reading. This
corrects for thermal expansion of mercury and
brass scale from 32°F.
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5.6.3.5.5 Sufficient time shall lapse between
readings to allow the pressure in all sections of the
gauge to equalize. Duplication of three successive
readings within 4% shall be evidence of satisfactory
equalization of pressure.

5.6.3.5.6 All gauges used shall be verified or
calibrated. These records must be available upon
request.

5.6.3.5.7 The complete gauge system shall be
periodically tested for leaks by blanking of system
and measuring pressure rise. Pressure rise shall not
exceed 2 microns per minute.

5.6.3.5.8 Rubber tubing shall not be used. Cop-
per tubing or suitable plastic tubing with a minimum
bore of 1/4 inch shall be used and the connections
kept as short as possible. If plastic tubing is used, it
shall have a minimum wall thickness of 1/4 inch.

5.6.4 Electronic Instrumentation

5.6.4.1 Scale ranges for any precision electronic
manometer shall be chosen based on the maximum
range recommended by the manufacturer.

5.6.4.2 Electronic instrumentation is normally
calibrated in ranges 0 to 1000 mm HgA, 0 to 100 mm
HgA, 0 to 10 mm HgA, 0 to 1.0 mm HgA. No mea-
surements shall be considered satisfactory if taken
outside the range suggested by the manufacturer.

5.6.4.3 Pressure transducers shall be mounted
such that the gauge line shall have a negative slope
towards the ejector.

The line connecting the vacuum gauge to the
ejector shall be purged periodically, by bleeding air
through the line to eliminate moisture.

5.6.4.4 The line connecting the vacuum gauge to
the ejector shall have a minimum bore equal to the
transducer connection but shall not be less than 1/4
inch.

5.6.4.5 Pressure transducers are subject to tem-
perature variations, hence, transducers shall not be
screwed directly into ejector inlet connection.

5.6.4.6 Pressure measurements shall not be con-
sidered valid if ambient temperatures are not within
the range specified by the transducer manufacturer.

5.6.4.7 Before readings are performed, the trans-
ducer must be zeroed to correct for temperature vari-
ations in accordance with the manufacturer’s
recommendations.

5.6.4.8 Elecironic manometers must have been
calibrated to an NBS standard within two (2) years of
the test. Calibration results should be available (upon
request) at the time of test.
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5.6.5 Discharge Pressure of Final Stage

5.6.5.1 The discharge pressure of the final stage
of the steam jet ejector shall be measured with any of
the following:

5.6.5.1.1 A manometer having suitable fluid
to cover the range of pressures involved. The
manometer shall be of the U-type or single leg type
having a scale which shall be graduated in 0.1 inch
divisions. Seal pots, or other means of trapping con-
densate in gauge lines, shall be employed.

5.6.5.1.2 An ahsolute pressure electronic pres-
sure devise with a verifiable accuracy better than
0.5% of reading.

5.6.5.1.3 A Bourdon gauge with a range of 0 to
15 psi and an accuracy of 0.1 psi may be used. The
gauge shall be periodically checked against a dead-
weight gauge tester.

5.6.5.2. Discharge Pressure Determination

With the steam jet ejector operating on design
steam pressure and temperature, the discharge pres-
sure for each capacity point shall be determined by
throttling the discharge valve until the suction pres-
sure shows definite positive in-crease. The discharge
pressure under these conditions is the breaking pres-
sure. After these conditions have been established, the
discharge valve shall be slowly opened until the origi-
nal suction pressure is reestablished. This discharge
pressure is the recovery pressure and it shall be equal
or greater than the specified discharge pressure.

5.6.6. Motive Steam Pressure

5.6.6.1 When the design steam pressure is above
15 PSIG, it shall be measured with a pressure gauge
of the Bourdon tube type. The gauge shall be con-
nected with water siphon or other suitable means to
maintain the gauge at room temperature. The gauge
shall be readable within 1% of the design steam pres-
sure and shall be periodically calibrated on a dead-
weight gauge tester.

5.6.6.2 When the design steam pressure is 15
PSIG or lower, it shall be measured with a manome-
ter as outlined in Paragraph 5.6.5.1.

5.6.6.83 The pressure shall be measured as close
to the ejector steam chest as possible.

5.6.6.4 Gauges should be selected such that the
design pressure falls as close as possible to mid-scale
of the gauge.
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5.7 Steam Supply
5.7.1 Steam Pressure Measurement

Steam pressure measurement shall be per Para-
graph 5.6.6.

5.7.2 Steam Temperature Measurement

Design steam temperature shall be measured with
a thermometer, thermocouple or resistance ther-
mometer, The precautions outlined in Paragraph
5.5.1 shall be chserved.

5.7.3 Steam Consumption

Steam consumption for each ejector nozzle shall
be calculated by using equation (5) in Paragraph
5.4.3 and a flow coefficient C = 0.97 for ejector steam
nozzles having a well-rounded approach. Flow coeffi-
cients for ejector steam nozzles having other
approach designs, shall be set by mutual agreement.

The steam consumption calculations can be simpli-
fied by using Figures 28, 29, 30, or 31. For example:

Steam pressure upstream of nozzle 300 psig
Steam temperature upstream of nozzle 500°F
Nozzle throat diameter 0.250 in.
Nozzle throat area 0.049 sq in.

From curve Figure 30 steam flow = 15,600 1b per
hr, per sq in. of nozzle throat area

W, =(0.97) (0.049) {15,600) = 741 1b per hr.
5.8 Water Supply

5.8.1 Water Temperature Measurement

Water temperature shall be measured with a ther-
mometer, thermocouple or resistance thermometer.
The precautions outlined in Paragraph 5.5.1 shall be
cbserved.

5.8.2 Water Consumption

The water consumption shall be measured with
instruments of the indicating typed, such as venturi
tubes, flow nozzles, orifice plates or variable area
meters. Weight tanks or volumetric tanks may also
be used. The flow rate shall not deviate more than
5% from the specified value.
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5.9 Test Arrangements
5.9.1 Introduction

Test arrangements described in this section are
applicable to both factory testing and field testing.
Space limitations and availability of test equipment
may require modification of test arrangements for
field testing purposes. Agreement shall be reached
between the manufacturer and user on the modifica-
tions and their effect on the accuracy of the results
obtained.

5.9.2 Factory Tests

Test arrangements for flow nozzles used to mea-
sure capacity points are illustrated schematically in
Figures 34 through 37. Each figure shows the neces-
sary control valves, the location of instruments, and
the pressure taps. The air flow nozzles shall be ASME
long radius, or HEI type, as shown in Figure 19.

59.2.1

Figure 34 illustrates the method of measuring
air flow when the flow is suberitical. Regulation is
obtained by adjusting the pressure differential across
the nozzle. The nozzle flow coefficients, given in Fig-
ure 26, and the method of calculation, given in Para-
graph 5.4.2.2, may be used provided the downstream
pressure tap is located at D/2.

5.9.2.2

Figure 35 illustrates the method of measuring
air flow when the flow is critical. Capacity variation
is obtained by the selection of nozzles or combina-
tion of nozzles.

5.9.2.3

Figure 36 illustrates the method of measuring
steam flow when the flow is critical. It also illus-
trates how an air load may be added to the critical
flow steam load. Capacity variation can be obtained
by regulating the upstream pressure on the steam
nozzle or by varying the air nozzles.

5.9.3 Field Tests

Where it is possible, the ejector components should
be isolated from the process or any adjacent equip-
ment to conduct field performance tests.

The preferred method of isolation of the ejector or
ejector components shall be the use of a gasketed
flange or blank off plate between the process or sys-
tem and equipment to be tested.
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Other means of isolation will be accept-able if it is
proven by test to be leak free. Some alternative means
of isolation could involve valves or temporary closures.

Provisions should be made between isolation
devices and the ejector system for introduction of test
loads. All possible precautions should be taken to
insure adequate diffusion of the load gas and to locate
pressure taps where they will not be subject to veloc-
ity effects from the load and, therefore, indicate stat-
i¢c pressure,

The loads for field testing shall not be generated by
the system unless flows can be measured directly
ahead of the ejector. If the system gases are used,
the components and properties must be verified.

Preferred alternate load arrangement is shown in
Figure 37. Other arrangements may be used upon
mutual agreement.

Provisions should be made so that the ejector or
ejector components discharge pressure does not
exceed design conditions.

jut— D2~

INLET
TEMPERATURE

5.9.4 Ejectors and Intercondensers

Test arrangements for steam jet ejectors and inter-
condensers are shown schematically in Figures 38
through 41. Each figure shows the necessary control
valves and location of instruments.

59.4.1

Figure 38 illustrates the arrangement for the
test of a single stage ejector or for the individual
stage tests of a multi-stage ejector.

5.9.4.2

Figure 39 illustrates the arrangement for a unit
test of a multi-stage noncon-densing ejector or for
the noncondensing stages of a multi-stage ejector.

5.9.4.3

Figure 40 illustrates the arrangement for a unit
test of a multi-stage ejector with intercondenser
between stages.

5.9.4.4

Figure 41 illustrates the arrangement for testing
precondensers and intercondensers.
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NOTES:
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5.10 Test Procedures
5.10.1 Leaks

Tightness of all apparatus and gauges shall be
checked preceding any tests. All leaks shall be elimi-
nated.

5.10.2 Test Conditions

Every effort shall be made to have the test condi-
tions as near as possible to the design conditions.
For tests in a manufacturer’s shop, the test condi-
tions will be able to be controlled more closely than
for a field test. The more critical items are the motive
steam pressure and temperature. For shop tests, the
set point steam pressure shall be the design pres-
sure, and total pressure fluctuation may be +29%. The
steam temperature shall be set to within +5°F of the
design temperature. If the design steam pressure
includes superheat, the test conditions will be as
mutually agreed upon between manufacturer and
purchaser. Field test conditions will be as mutually
agreed upon by purchaser and manufacturer. Read-
ings will not be meaningful unless stable operation is
maintained.

5.10.3 Tests of Multi-Stage Condensing
Ejector Systems

Tests of multi-stage condensing ejectors are con-
ducted by taking the readings necessary to establish
the following data.

5.10.3.1 Test Loads

If the specified design load of the ejector system
is comprised of air or a mixture of air and steam then
the test load points are determined as outlined in
Paragraph 5.4. To determine the correct system test
loading for design loads other than air and steam it is
necessary to simulate (calculate) the effect of these
components on each ejector stage within the system.
This is done by using the appropriate vapor-liquid
equilibrium relationships (as described in part below)
and then caleulating the system design load “70°F
air equivalent” (per Paragraph 5.3) at each stage.
The system test load (air and water vapor) “70°F air
equivalent” is then calculated for each stage and com-
pared with the design load values. As these values
are not the same adjustments shall be made in the
test load metered to the overall system and each ejec-
tor stage as described below.

5.10.3.1.1 Noncondensable Design Loads

If the specified design load of the ejector sys-
tem is a mixture of noncondensable gases, the total
gas and water vapor load to each stage shall be cal-
culated. The test shall include supplying the differ-
ential air equivalent, or air and steam equivalent, of
this calculated load directly to each stage. The quan-
tity of condensing water to the intercondenser or
intercondensers shall be adjusted to obtain the same
temperature rise as calculated for the design condi-
tion. Where a mixture of non-condensable gases is
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involved, the average molecular weight of the mix-
ture is calculated and the total pounds per hour of
the mixture and the average molecular weight of the
mixture are used in the calculations the same as if
the mixture were a pure gas having a molecular
weight the same as the average molecular weight.

A corollary to Dalten’s law of gaseous pressure
states that with a mixture of gases, the pound moles
of each gas bears the same relation to the total pound
moles of the mixture as the partial pressure of each
gas bears to the total absolute pressure, and the rela-
tionship between the pound moles is the same as
between the partial pressures.

Thus the vapor of saturation for a noncondensable
gas is calculated by using the following equation:
wox M, x P, (7

M, x P,

Wy =

(Corollary to Dalton’s law)

where:
wy = Flow rate of vapor of saturation, lbs per hr
w, = Flow rate of noncondensable gas, 1bs per hr
M, = Molecular weight of vapor
P, =Partial pressure of vapor, in. HgA
M, = Molecular weight of noncondensable gas

P, = Partial pressure of noncondensable
gas in. HgA

For example, with a two stage condensing ejector
systemn designed to handle 100 pounds per hour of
hydrogen, molecular weight 2, the calculations to
determine stage loads are as follows:

If the absolute pressure at the air outlet of the
intercondenser is 4 inches mercury and the tempera-
ture there is 90°F, the partial pressure of water is
1.422 inches of mercury (corresponding to the vapor
pressure of water at 90°F). The partial pressure of
the hydrogen is: 4 inches — 1.422 inches = 2.578 inch-
es Hg.

With hydrogen, the water vapor carryover is:
_ 100x18x1.422
v = T oy o878 496.4 lbs per hr

496.4 + 18 = 27.58 Ib moles per hr of water vapor
100.0 + 2 = 50.00 Ib moles per hr of hydrogen
596.4 77.58 total lb moles per hr

596.4

Average molecular weight of stage load = Firgg =
7.68 ’

Air equivalent of stage load = gg——% (from Figure 16)
= 1188.1 1bs per hr ’

The air equivalent of 100 lbs per hour of hydrogen
is 555.6 lbs per hour of air. For the same conditions at
the air outlet, the partial pressure of air is also 2.578
inches.
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With air, the water vapor carryover is:

w.  355.6x18x1.422
’ 20 x 2.578

= 190.2 1bs per hr

190.2 + 18 = 10.57 b moles per hr of water vapor
555.6 + 29 = 19.16 1b moles per hr of air
745.8 29.73 total 1b moles per hr

Average molecular weight of stage load = %%57‘% =

25.1
Air equivalent of stage load = 761 qu (from Figure 16}

=793.4 lbs per hr

The above shows that, if the air ejector system is
tested on only an air equivalent load of 555.6 1bs per
hour to the first stage, the load to the second stage
would be an air equivalent of 793.4 lbs per hour
whereas, when handling hydrogen, the load to the
second stage would be equivalent to an air load of
1188.1 lbs per hour. To test the second stage ade-
quately, at the design point, an additional dry air
load of 1188.1 — 793.4 = 394.7 lbs per hour shall be
admitted to the ejector unit between the intercon-
denser and the second stage.

Similarly, with a three stage condensing ejector to
handle 100 lbs per hour of hydrogen, molecular
weight 2, the calculations to determine the stage
loads are as follows:

If the absolute pressure at the air outlet of the first
intercondenser is 2.5 inches Hg Absolute and the
temperature there is 90°F, the partial pressure of
water is 1,422 inches Hg (corresponding to the vapor
pressure of water at 90°F). The partial pressure of
the hydrogen is: 2.5 inches — 1.422 inches = 1.078
inches.

With hydrogen, the water vapor carryover is:

100 x 18 x 1.422
v = 5% 1078 = 1187.2 1bs per hr
1187.2 = 18 = 66 lb moles per hr of water vapor
100.0 + 2 = 50 1b moles per hr of hydrogen

1287.2 116 total 1b moles per hr
Average molecular weight of stage load = 1211%2 =
11.1

Air equivalent of stage load = 1622 ngo {from Figure
16} = 2059.5 1bs per hr )

The air equivalent of 100 lbs per hour of hydrogen
ig 555.6 lbs per hour of air. For the same conditions at
the air outlet, the partial pressure of air is also 1.078
inches.
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With air, the water vapor carryover is:

w. = 555.6 x 18 x 1.422
) 29x1.078

= 4549 |bs per hr

454.9 + 18 = 25.27 Ib moles per hr of water vapor
555.6 = 29 = 19.16 1b moles per hr of hydrogen
1010.5 44.43 total b moles per hr
10

Average molecular weight of stage load = &"544 43 =
22.7 '

Air equivalent of stage load = ‘1—%1()%‘? (from Figure
16) = 1122.8 lbs per hr

If the absolute pressure at the air outlet of the gec-
ond intercondenser is 6 inches Hg Absolute and the
temperature there is 90°F, the partial pressure of
water is 1.422 inches Hg (corresponding to the vapor
pressure of water at 90°F). The partial pressure of
hydrogen is: 6 inches — 1.422 inches = 4.578 inches.

With hvdrogen, the water vapor carryover is:

_ 100x18x1.422 _
W, = 2% 4578 = 279.6 lbs per hr
279.6 <+ 18 = 15.5 1b moles per hr of water vapor
100.0 + 2 = 50.0 1b moles per hr of hydrogen
379.6 65.5 total 1b moles per hr
Average molecular weight of stage load = —3675?'56 =5.8
Air equivalent of stage load = *439, (from Figure 16)
= 925.9 lbs per hr

The partial pressure of the air equivalent of 555.6
Ibs. per hour of the air is also 4.578 inches.

With air, the water vapor carryover is:

w. - 555.6x18x1.422
v = 29x4578

=107.1 1bs per hr

107.1 + 18 = 5.95 b moles per hr of water vapor
555.6 + 29 = 19.16 1b moles per hr of hydrogen
662.7 25.11 total 1b moles per hr

Average molecular weight of stage load = % = 264

Air equivalent of stage load = %6_62_% {from Figure 186)
= 690.3 lbs per hr.

From the above it is apparent that, when testing
the unit at the design point, when the load to the
second stage is increased from 1122.9 lbs per hour to
2059.5 Ibs per hour by the admission of an additional
dry air load of 936.7 1bs per hour to the unit between
the first intercondenser and the second stage, the
third stage would be very badly overloaded and the
additional load admitted between the first intercon-
denser and the second stage must be “steam equiva-
lent” and not dry air. The amount of this “steam
equivalent” is figured as follows:

Additional load in terms of air equivalent: 2059.5 —
1122.8 = 536.7 lbs per hour. Ratio of “steam equiva-
lent” to air equivalent (from Figure 16) is 81% to
100%. Amount of steam equivalent is; 936.7 x 81% =
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758.7 1bs per hour. If the temperature of the steam is
higher than 70°F to 80°F, the amount of the steam
should be corrected by multiplying by the tempera-
ture entrainment ratio (from Temperature Entrain-
ment Ratio Curve, Figure 15) for the actual
temperature.

To test the third stage adequately, at the design
point, an additional dry air load of 925.9 — 690.3 =
235.6 1bs per hour shall be admitted between the sec-
ond intercondenser and the third stage. A system
test for the design point for this ejector would there-
fore require:

(a) Admitting 555.6 lbs per hour dry air to the first
stage.

(b} Admitting an additional load of 758.7 lbs per
hour of steam (or the amount resulting from a cor-
rection for temperature) between the first intercon-
denser and the second stage.

(c) Admitting an additional dry air load of 235.6
Ibs per hour between the second intercondenser and
the third stage.

If, contrary to the above examples, the noncon-
densable gas or mixture of noncondensable gases
which the ejector system is designed to handle has a
molecular weight or average molecular weight higher
than air, the stage load calculations for a unit test
will show that part of the load to the first stage of a
multi-stage condensing ejector must be steam equiv-
alent in order not to load the succeeding stage or
stages beyond their design load.

5.10.3.1.2 Condensable and
Non-condensable Design Loads

If the specified design load of the ejector system is
comprised of a mixture of condensable and noncon-
densable gases, the total load to each stage shall be
calculated. The air equivalent or air and steam
equivalent of the noncondensable gas portion of each
stage load and steam equivalent of the condensable
gas portion of each stage load shall be calculated.
The test shall include supplying the calculated air
and steam equivalent stage load to each stage, and
the quantity of condensing water to the intercon-
denser or intercondensers shall be adjusted to obtain
the same temperature rise as calculated for the
design condition.

For example, with a three stage condensing ejector
system to handle:

100 lbs per hour or air, mw = 29

300 Ibs per hour of noncondensable oil vapor, mw = 58
500 1bs per hour of condensable oil vapor, mw = 142
1000 1bs per hour of steam, mw = 18

All at a temperature of 400°F.

The calculations to determine the test stage loads
are as follows:
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Test stage load to first stage

{a) Air equivalent calculations for noncondensable
gases:

100 + 29 = 3.45 1b moles per hr or air

300 + 58 = 5,17 tb moles per hr of noncondensable
oil vapor

400 8.62 total lb mole per hr

Average molecular weight = g’%% =464

Correction for molecular weight = %STO% {from Fig-
ure 16) = 330.6 lbs per hr

Correction for 400°F temperature = g'g%‘% (from
air curve, Figure 15) = 359.0 lbs per hr ~

Therefore, the 70°F air equivalent of the noncon-
densable gases = 359.0 1bs per hr

{b) Air equivalent calculations for condensable
vapors other than steam:

500 + 142 = 3.52 Ib moles per hr of
condensable oil vapor

Correction for molecular weight = %% (frorh
Figure 16) = 313.3 lbs per hr ’

Correction for temperature = %%—'331% (from air curve,
Figure 15) = 340.2 lbs per hr )

Therefore, the 70°F air equivalent of the condens-
able oil vapor is 340.2 lbs per hr

(c} Calculations to determine the 70°F steam equiv-
alent of the steam load:

Correction for temperature = é'lgg%% (from steamn curve,
Figure 15)=1121.0Ibs perhr

The test stage load must, however, be adjusted so
that the succeeding ejector stage is not overloaded
with nonconden-sable gases. Tb do this, the air equiv-
alent of the condensable il vapor is converted to its
steam equivalent. The steam equivalent is 340.2 x
81% (from Figure 16) = 275.6 lbs per hour of steam.

The proper test stage load is therefore:
359.0 Ibs per hour of dry air, plus
275.6 + 1121.0 or 1396.6 lbs per hour of steam,

Test stage load to second stage

The weight of condensable vapors that would be
carried over from the first intercondenser to the sec-
ond stage by partial pressure conditions is calculated
as follows:

If the absolute pressure at the air outlet of the first
intercondenser is 2 inches Hg, the temperature there
is 85°F, and the vapor pressure of the condensable oil
vapor at 85°F is 0.087 inches Hg Absolute, the total
for the partial pressures of the two condensable gases
is: 0.087 inches + 1.213 inches (vapor pressure of
water at 85°F) = 1.3 inches Hg. The total for the par-
tial pressures of the two noncondensable gases is :
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2.0 inches ~ 1.3 inches = 0.7 inches Hg, and the
sum of their pound moles is 8.62, so that for the gases
the ejector is expected to handle:

The amount of water vapor carried over is:
1213 _
8.62 x “3'7" = 14.94 moles x 18 = 268.9 Ibs per hr

The amount of the condensable oil vapor carried
Over 1s:

8.62x ‘Q‘((T)%l = 1.07 moles x 142 = 151.9 lbs per hr

The air equivalent of the noncondensable gas load
is 330.6 Ibs per hour (the same as for the first stage
without the temperature correction), and the steam
equivalent of the condensable gas load is:

268.9 = 18 =14.94 b moles per hr of water vapor

151.9 + 142 = _1.07 1b moles per hr of condensable
oil vapor

16.01 total 1b moles per hr

420.8
Average molecular weight = %%%‘% =26.3

Steam equivalent = 420.8 x g%% {(from Figure
16) = 356.0 1bs per hr

The water vapor carryover with the first stage test
air load is:

W = 343.4 lbs per hr

The above shows that, to adequately test the second
stage when a system test at the design point is being
made, an additional steam load of 356.0 — 343.3 =
12.6 lbs per hour (or the amount resulting from a cor-
rection for temperature) must be admitted between
the first intercondenser and the second stage.

Similarly, if the absolute pressure at the air outlet of
the second intercondenser is 6 inches Hg and the tem-
perature there is 85°F, the total for the partial pres-
sure of the two condensable gases is 1.3 inches Hg.
The total for the partial pressures of the two noncon-
densable gases is 6.0 inches — 1.3 inches = 4.7 inches
Hg, and for the gases the ejector is expected to handle:

The amount of water vapor carried over is:

8.62 x 1213 - 9 99 moles x 18 = 40 Ibs per hr

The amount of the condensable oil vapor carried
over is:

8.62 x 287 .16 moles x 142 = 22.7 Ibs per hr

The air equivalent of the noncondensable gas load
is 330.6 lbs per hour (the same as for the second
stage), and the steam equivalent of the condensable
gas load is:

40.0 + 18 = 2.22 lb moles per hr of water vapor

22.7 + 142 = (.16 ib moles per hr of condensable oil
vapor

62.7 2.38 total 1b moles per hr

Average molecular weight = %?'5% =26.3

Steam equivalent = 62.7 x S1%. (from Figure 16)
95.75%
=53.0 1bs per hr )
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The water vapor carryover with the first stage test
air load is:

29x 4.787 = 56.5 1bs per hr

The above indicates that the third stage will have
an excess load of 56.5 — 53.0 = 3.5 lbs per hour of
water vapor.

When stage load calculations, such as this, show
that the water vapor carried over with the first stage
test air load from either the first or the second inter-
condenser is greater than the water vapor carryover
with the gases the gjector is expected to handle, the
air load to the first stage is reduced by the amount
necessary to produce the correct stage load on the
second or third stage. The steam equivalent of this
reduction in air load is then added to the steam test
load of the first stage, and any similar adjustment
that is necessary is made to the test loads of either
the second or third stage.

Note that the above method of calculating carry-
over can only be used when the liquid phases of the
condensable gases are not soluble in water or in each
other. With water soluble liquid phases (such as the
lower molecular weight alcohol and ketones), the
vapor phase can be appreciably different in composi-
tion from the liquid phase. It is first necessary to
determine the weight composition of the liquid in the
intercondenser, then construct an equilibrium phase
diagram applying to the temperature existing at the
air outlet of the condenser, for the condensable gases
involved, and from this determine the vapor compo-
sition by weight and the vapor pressure of this vapor
composition. This vapor pressure and the average
molecular weight of this vapor are then used in the
above calculations the same as if the vapor were pure
gas, and the total weight of this vapor carried over is
calculated. This total weight is then separated into
the weight flows of its components by using the vapor
composition figures, and the air and steam equivalent
of the next ejector stage can be determined.

5.10.3.2 Suction temperature of the first stage
determined as outlined in Paragraph 5.5.

5.10.3.3 Suction pressure at the first stage mea-
sured as outlined in Section 5.6.3.

5.10.3.4 Discharge pressure of the final stage
determined as outlined in Section 5.6.5.

5.10.3.5 Design steam pressure and temperature
measured as outlined in Paragraph 5.6.6. and Section
5.7.

Test results for the first stage shall be calculated
as outlined in Paragraph 5.4.1 and are then plotted
as shown in Figure 18, The {otal steam consumption
is calculated as outlined in Paragraph 5.7.3.

5.10.4 Individual Ejector Stages

Individual stages of a multi-stage condensing ejec-
tor shall be tested by taking the necessary readings
to establish the following:
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(a) Capacity points as determined in Section 5.4
and 5.10.3.

(b) Suction temperature as determined in Para-
graph 5.5.

(c) Suction pressure as determined in Section 5.6.3.

(d) Discharge pressure as determined in Paragraph
5.6.5.

Stage test results shall be determined as outlined in
Paragraph 5.4.1 and plotted as shown in Figure 18.

5.10.5 Non-condensing Ejector Stages

When noncondensing stages are tested as a unit,
the procedure is the same as Paragraph 5.10.4 except
that all capacity and suction data apply to the first
stage of the assembly and the discharge pressure is
measured at the final stage in the assembly.

5.10.6 Individual Condensers

Generally, tests of condensers on an individual
basis are not normally required. The manufacturer’s
design data showing that the condenser will operate
satisfactorily at design conditions is usually more
meaningful than a test when the exact design condi-
tions cannot be supplied. When these tests are
required, the purpose shall be to establish the tem-
perature of the gases leaving the condenser and the
pressure drop through the condenser.

1, The lpad to the condenser will be air and steam.
The specified noncon-densable load to the con-
denser will be converted to equivalent air load
per HEI methods. The specified condensable
load shall be converted to equivalent steam load.

2. The temperature of the load must be equivalent
to the specified condenser inlet temperature.

3. The temperature of the cooling water admitted
to the condenser shall be as specified. (See
Paragraph 5.8.1)

4. The quantity of the cooling water admitted to
the condenser shall be as specified. (See Para-
graph 5.8.2)

5. The stage or stages of the ejector system subse-
quent to the condenser being tested shall be used
to serve the condenser during the test.

6. See Figure 41 for test arrangement.
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5.10.7 Test Results and Presentation

5.10.7.1 Allowable Tolerance on the Agreed
Design Point

The test results of this performance standard
shall be compared to the agreed upon design point
and will be found to be acceptable providing they are
within the following limits:

Yariable Unit  Tolerance
Capacity Ib/hr -3%
Steam

Consumption Ib/hr +3%

5.10.7.2 Ejector Test Report

The above collected data should be tabulated on
the ejector test report found in Appendix “J”.
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6.0 VACUUM ENGINEERING DATA

6.1 Air Leakage In Vacuum Systems
6.1.1 Drop Test

The air leakage in an existing vacuum system may
be determined by a drop test, This test is based on
the fact that air leaks into the system at a constant
rate as long as pressure within the system is less
than 0.53 times atmospheric pressure {(about 15 in.
Hg Absolute). It is usually run with the system
empty but with all agitators and other moving equip-
ment in operation to duplicate leakage through seals
and glands. The test should be run with the system
at normal atmospheric temperature and the system
should be free of any liquids.

Procedure:

1. Evacuate system to about 5 in. Hg Absolute
using available ejector.

2. Close off isolating valve between system and
ejector; then close steam supply to ejector.

3. Record elapsed time for pressure in system to
rise from one observed pressure to a higher
observed pressure. If leakage is low, a rise of one
or two inches may take a long enough time to
give an accurate estimate of leakage. However,
do not permit pressure to rise above 15 in. Hg
Absolute.

4. Knowing system volume, initial and final pres-
sure and elapsed time, the total leakage rate into
system may be calculated from the equation;

Leakage {lbs per hour) =

0.15 x Volume {cu.ft.} x Pressure Rise (in. Hg)
Time {(minutes)

Example:
V = Volume, cubic feet = 300 cu ft

p1 = Initial pressure in system, inches Hg Ahsolate
=5in. HgA

pz = Final pressure in system, inches Hg Absolute
=90in. HgA

T = Time, minutes = 6.5 minutes

0.15x300x(9-5)
6.5

leakage =

= 27.7 lbs per hr
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5. In order to prove tightness of the izolating valve
between system and ejector, the test should be
repeated with the gjector operating. If the iso-
lating valve is tight, the total calculated leak-
age for both tests will be identical. If the
isolating valve is not tight the two values will be
different by an amount equal to the leakage
through the valve plus the air removed by the
ejector under the pressure conditions existing
across the leaking valve. For reliable tests of air
leakage using the drop test, leakage through the
isolating valve in the closed position should be
proven negligible.

Development of equation:
Let:1 = Leakage rate, lbs per hr

Wi = Weight of air in system at initial
pressure, lbs

W2z = Weight of air in system at final
pressure, lbs

T =Time, minutes

0.075 = Weight of air, lbs per cubic feet at
30 in. HgA, 70°F

60 = Minutes per hour
p1 = Initial pressure in system, in. HgA
pz = Final pressure in system, in, HgA

30 = Standard atmospheric pressure
(30 in. HgA)

1 =(Ws-wp

= 2
W, =0.075Vx 30

W =0.075V x 22

30
W.—- W, =Q*O§%ﬂ(pz—pl)
0.075V 60
1 =55 (pe—p) T
1 =&Y (o, _p

Inspection of equation (8) shows that the absolute
pressure at the start and finish of the test need not
be known (as long as final pressure is not above 15
inches Hg Absolute). Only the pressure rise need be
known. Therefore, the test may be run using a reli-
able vacuum gauge or mercury column without cor-
rection for barometer pressure.

6.1.2 Air Meters

If the air gjector serving the vacuum system is pro-
vided with a surface aftercondenser, the total non-
condensable gases handled by the ejector can be
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measured by means of a suitable air meter installed
at the air outlet connection. The total gas load will
consist of air leakage into the system plus noncon-
densable gases generated in the process plus air
released from condensing water, if a direct contact
condenser is used ahead of the ejector. Air meters
are generally of two types:

1. Variable area type with constant pressure drop.

2. Fixed area type with variable pressure drop,
such as a nozzle with water manometer for mea-
suring head.

When using air meters, all the air shall be directed
through the meter. Also, for accurate determination
of air leakage, the temperature of the saturated air
must be measured and suitable corrections made to
meter readings to correct for mixture density and for
the percentage of water vapor in the mixture.

6.1.3 Other Tests

Following installation, every complete vacuum sys-
tem should be hydrostatically tested to locate and
eliminate any points of leakage at flanged connec-
tions, valves, etc. On large installations, where hydro-
static testing becomes impractical, other types of
testing for leaks, such as a halogen leak test, may be
employed.
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6.1.4 Commercially Tight Systems

For a vacuum system to be considered commercial-
ly tight, the air leakage should not exceed values
shown in Figure 42. The maximum air leakage val-
ues shown for the five absolute pressure ranges are
for a vacuum system without any agitator. For a sys-
tem with agitator, having an ordinary commercial
shaft seal, a reasonable amount of maintenance will
keep the shaft leakage down to 5 1bs per hour. With a
special high vacuum seal and good maintenance,
shaft leakage can be kept to a negligible amount.

6.1.5 Selecting Ejector Capacity

The values of maximum air leakage should not be
used for selecting the capacity of the ejector equip-
ment. It is recommended that the design capacity of
the ejector be equal to double the maximum estimat-
ed air leakage to which should be added the noncon-
densable gases produced in the process and any
associated condensable vapors. For the recommended
capacity of ejectors to serve the condensers of prime
movers, see the Heat Exchange Institute Standards
for Steam Surface Condensers and Standards for
Direct Contact Barometric and Low Level Con-
densers, current editions.

6.2 Air And Vapor Water Mixtures
6.2.1 Air and Water Vapor Mixtures

Figures 43 through 46 show the relationship of air
and water vapor in saturated mixtures in accordance
with Dalton’s Law.
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Figure 42

Notes

(1) The air leakage rates indicated are guidelines only. In actual field practice, the air leakage may be significantly larger or
smaller depending upon the condition of sealing, maintenance factors and applications.

(2) For comparison purposes, alternate methods of air leakage estimation may be used. A selected bibliography is as follows:
1. Compressed Air and Gas Handbook, Fifth Edition.
2. Applied Process Design for Chemical and Petrochemical Plants, Volume 1, Second Edition.
3. ‘SBelecting Vacuum Systems’, Chemical Engineering, December 14, 1981.
4. Theorie Und Praxis Der Vakuumtechnik, Max Wutz, Verlag Friedrich Vieweg U. Sohn Braunschweig, 1965.

5. Tabellenbuch Der Vakuumverfaurenstechnik In Der Grundstoffindustrie. E. L. Holland-Mertern, Veb Deutscher
Verlag Fuer Grundstoffindustrie Leipzig, 1964.
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TEMPERATURE OF MIXTURE (DEGREES F)
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TEMPERATURE OF MIXTURE (DEGREES F)
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TEMPERATURE OF MIXTURE (DEGREES F)
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6.3 Pressure Drop In Vacuum
6.3.1 Turbulent Flow of Air or Steam

Figure 47* can be used to determine the diameter
of the cylindrical pipe required for a low pressure
drop with turbulent flow of air or steam at a subat-
mospheric pressure, provided the pressure drop is
limited to 10 percent of the final pressure. The lower
limit, for the application of this data is determined by
the limit of the ratio:

Tz20
where:

w = flow rate, pounds per hour
d = inside diameter of pipe, inches

If the ratio is less than 20, the flow is streamline
and Figure 47 will not apply.

For example:

Pipe length =300 ft
Pipe diameter = 12 in. nominal
Steam flow =275 lbs per hr

Steam temperature = 400°F
Initial pressure = 0.5in. HgA

Pressure drop is determined as folows:

F=E1xXCmxClry) + {Fy x Cpz x Clrg)

Py
w =275 lbs per hr
F; =1.78x 102
F: =8.45x 102
d =12.09in.
Cm =4.10x 10!
Cp: =4.25x 101
t = 400°F
C'n =261
C're =2.515
Then,
Fo 300 [(178 % 10%) (4.10 x 10)(2.61)] + [{8.45 x 10-2) (4.25 x 101 (2.515)]
190 0.5

F= %ﬁﬁs*ﬁ = 0.048 in. Hg and the pressure drop is
9.60 per cent of the final pressure. Note that §= 22.8.

#%13.6 is conversion factor for in. HoO to in. Hg. .

*The basis for this data is given in “A Graphical Repre-
sentation of the Frictional Losses in Commercial Pipe of
Air and Steam Flowing Turbulently at Low Pressure”,
W.C. Knapp and J. W. Metzger, ASME Transactions,
Volume 77, No. 15, July 1955, pages 675-681.

75

If the pressure drop is greater than 10% of the
final pressure, it is possible to contain the error intro-
duced by the excessive pressure drop by separating
the length of given pipe into increments such that
the pressure drop in each increment is less than the
tolerable 10% of the final pressure.

For example:

Pipe length = 100ft

Pipe diameter = 6 in. nominal
Steam flow = 180 lbs per hr
Steam temperature = 100°F

Initial pressure = 0.5in. HgA

Pressure drop is determined as follows:
w = 180 Ibs per hr

F]_ ="7.7x 103
F: =4.1x102
d =6in.
Cm =127
Cp: =11.1
t = 100°F
C'mm =1.700
C're =1.455
Then,

p 100, [(7.7 x 109 (32.7) (1.700)] + [€4.1 x 10:2) {11, 1) {1.455)]
100 0.5

F =1.657in. HyO

1.657 .
= 336 = 0.1216 in. Hg

and,
the pressure drop is 32.14% of the final pressure.

Since this pressure drop exceeds the 10% limit for
which the equation is suitable, the pressure drop
should be calculated by the increment method.

The constants from Figure 47 do not change and
may be combined as the constant 0.8284. This
reduces the equation to the form

Fo —Lx08284
- 100xp; x13.6

Then, introduce incremental lengths of 25 feet

25 x 0.0608 :
1. 100x 0.50 = 0.0304 in. Hg

0.5000 — 0.0304 = 0.4696 in, Hg

25 x 0.0608 .

0.4696 — 0.0324 = 0.4372

25 x 0.0608 _ :
3.760 x 0.4372 = 0.0348in. Hg

0.4372 - 0.0348 = 0.4024

25 x 0.0608 .
4. 500 % 0.4024 = 0.0378 in. Hg

0.4024 - 0.0378 = 0.3646
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The total pressure drop will be:

0.0304 + 0.0324 + 0.0348 + 0.0378 = 0.1354 in Hg.
and the final pressure will be:

0.500 — 0.1354 = 0.3646 in. Hg.

6.3.2 Streamline Flow of Air

Calculations to determine the diameter of the cylin-
drical pipe with streamline flow of air at any initial
absolute pressure between 50 microns and 1 mil-
lirneter of mercury can be made by using the proper
value of “f” from Figure 48* in the Fanning equation
provided the pressure drop is limited to 10% of the
final pressure.

For example, the calculations to determine the size
pipe required to limit the pressure drop to around 9
microns for a flow of 5 lbs per hour of 70°F air at
100 microns Hg Absolute pressure through a 15 foot
length of pipe would be as follows:

Assume 18 inch O.D. Standard Weight pipe (17.182
inch 1.D.) would be required and calculate Reynolds

number.
Rp = Dvp

n (10)

where:

D = Inside diameter of pipe, feet
v = Average velocity, feet per second
p = Average density, pounds per cubic foot

i = Absolute viscosity of air, pounds per
foot-second

Since D = 17.182 inches or 1.432 feet,
the area of the cross section of pipe

= 1.610 sq feet

*These friction factors were developed as a result of
an extensive investigation of pressure drops at low
absolute pressures which was reported in detail in
“Fanning Friction Factors for Air Flow at Low Abso-
lute Pressures in Cylindrical Pipes.” W.J. Bohnet and
L.S. Stinson, ASME Transactions, Volume 77, No,
15, July, 1955, pages 683-692.
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The specific volume at 70°F and average pressure
of 95.5 microns = 106,206 cu ft per 1b

Average velocity = %6‘-61}%——28160

= 91.6 ft per sec
Average density = _ﬁﬁlﬂ}"ﬁ
=94.16 x 107 1b per cu ft

Viscosity at 70°F = 122 x 10-7 lbs per ft-sec* and
therefore:

_1432x91.6 x94.16 x 107

Rp = 122 % 107 =101
For Rp =101

f=0.48 (from Figure 48)
The Fanning equation is:

Pi-Pr= 5 (1D
where:

P, = Upstream static pressure, pounds per
square inch absolute

P; = Downstream static pressure, pounds per
square inch absolute

f = Friction factor, dimensionless
L = Length of pipe, feet

p = Average density, 1bs per cu ft
v = Average velocity, ft per sec

g = Acceleration due to gravity

= 32.17 ft. per sec?
D = Inside diameter of pipe, feet
then:

4x048x15x94.16 x 107 x 91.62
Pi-Py =5

2x3217x1.432x 144
=1.715 x 104 1bs per sq in.
=1.715 x 104 x 51714.7 (from Appendix M)

= 8.87 microns

* Values for viscosity should be taken from Figure
21, to correspond to the viscosity values used in
Figure 48.
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Figure 47 Evaluation Curves for Friction Losses of Air and Steam Flowing
Turbulently in Commercial Pipe at Low Pressures

Replace
1.0°, 1.0% 1.0°, 1.0°% 1.0 on the x-axis of the figure with

107, 10, 107, 10°, 107, respectively

Replace
1.0, 1.O°, 1.0°, 1.0°, 1.0° on the y-axis of the figure with

10, 10%, 107, 10°%, 10°, respectively
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FRICTION FACTOR f
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6.3.3 Equivalent Length of Pipe

The equivalent length of pipe for various valves
and fittings can be determined from existing data as
published in many handbooks.

6.3.4 Hydraulic Loss

{a) The hydraulic loss (condenser friction) through
a condenser must also be considered and curves in
Figures 49 through 54 show friction losses that may
be expected in properly designed condensers with
new and clean 18 BWG tubes.

{b) Figure 49 covers the loss of head in feet through
new and clean 18 BWG tubes per foot of travel with
an average cooling water temperature of 77.5°F
(based on an assumed 15°F temperature rise). To cor-
rect this computed loss for average water tempera-
ture other than 77.5°F, multiply the friction loss
obtained from Figure 49 by the appropriate correction
factor obtained from Figure 50. For tube gauges other
than 18 BWG, multiply the value obtained from Fig-
ure 49 by the gauge correction factor shown in the
included table. Alternatively use the following equa-
tion which includes gauge correction factors:

F _ 00642V175
- di12s
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where:

F = Friction loss in feet of water/foot of length
V = Velocity, ft./sec.

d = Inside diameter of pipe, in.

(c) Figures 51 through 54 cover the head losses to
be expected in waterboxes and tube entrances and
exits of single pass, two pass, three pass and four
pass condensers, respectively. For single pass con-
densers, the inlet and outlet waterbox losses should
be determined from the curves in Figure 51 using
the actual nozzle water velocity in each case. The
tube inlet and outlet losses are combined in one curve
in Figure 51 and the value for these losses should
be taken directly from the curve using the actual
water velocity in the tubes,

For two pass condensers, the above procedure
should be followed using the curves in Figure 52. The
same procedure should be followed for three and four
pass units using the appropriate curve.

(d) The total condenser friction is determined by
adding the corrected values obtained from Figure 49
and the values from Figures 51, 52, 53 or 54.
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FRICTION LOSS FOR WATER FLOWING IN 18 BWG TUBES
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Tube 0.D, In, 12 BWG 14 BWG 16 BWG 18 BWG 20 BWG 22 BWG 24 BWG
0.625 1.38 1.21 1.10 1.00 0.94 0.91 0.89
0.750 1.28 1.16 1.06 1.00 0.95 0.93 0.90
0.875 1.25 1.13 1.06 1.00 0.96 0.94 0.92
1.000 1.19 1.11 1.05 1.00 0.96 0.94 0.93
1.125 116 1.09 1.04 1.00 0.97 0.95 0.94
1.250 1.14 1.08 1.04 1.00 .97 0.96 0.94
1.375 1.13 1.07 1.03 1.00 0.97 0.96 0.94
1.500 1.12 1.06 1.03 1.00 0.97 0.96 0.95
1.625 1.10 1.056 1.02 1.00 0.97 0.96 0.95
1.750 1.10 1.05 1.02 1.00 0.98 0.97 0.96
1.875 1.09 1.06 1.02 1.00 0.95 0.97 0.96
2.000 1.08 1.04 1.02 1.00 0.98 0.97 0.96

Figure 49
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CORRECTION FACTOR
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WATERBOX AND TUBE END LOSSES FOUR PASS CONDENSERS

10

7.5

) < ~ o o © - ~ o
_— -_— -_— _— <o o o (=] [=-])
SR i
N |_ H ,.Qa
H O,
Do
@) \
7 N
5%. E &.,W,V%\H__.l
o &DO% . \nTn/umnu i
£33, H &L
%Vel/ mmvv/:.
de; % e
Vg &
= hSU,U\ S
CAYOYSSE
VQ,
N7 3 A
SCoup st
= \NIU
N
o wn o wy o wn a W o wn ) w =) "
P~ D 0 u Ly - b o " o™ (o} e~ -_— —_— (=)

HYHLVM J0 LHEAA NI SHSSOT AN H.L ANV XOdHHLVM

0.0 0

VELOCITY THRU TUBES OR NOZZLE IN FT/SEC

Figure 54

85



STEAM JET VACUUM SYSTEMS

7.0 TROUBLESHOOTING STEAM JET VACUUM SYSTEMS

Steam Jet Vacuum Systems are fundamentally reli-
able vacuum producers as they have no moving parts.
If the steam supply is dry, the cooling water clean
and the materials of construction matched properly to

Systems can and do last indefinitely. However the
reality of some operating environmengts creates prob-
lem conditions (both short term as well as long term)
listed here from the most commeon to the least com-

the corrosive nature of the process fluids Steam Jet

mon, all resulting in loss of stable design vacuum.

PROBLEM

CAUSE

SOLUTION

1. Plugged (completely or
partially) steam nozzles

Foreign material in the steam
supply (particularly from pipe
fabrication at installation).

Disassemble, inspect
and clean.

2. Wear of internal working
surfaces of nozzles and
diffuser.

Wet steam.

Install a separator and
and trap at ejector system.
Insulate lines, trap low
spots, set line sizes for
150ft/sec. Superheat
steam (50° F max).

3. Insufficient energy supply.

Lower steam pressure than
the design minimum pressure,

Raise steam pressure (at
the gjector) above the
design minimum (or ask
manufacturer to redesign).

4. Suction flow overload and
increased suction pressure.

Excessive air leaks and
unexpected process loads.

Find and correct leaks and
overloads.

5. Insufficient condensing and
cooling. High condensing
pressure.

Higher cooling water temperature
than the design maximum.

Correct supply
temperature.

6. Insufficient condensing and
cooling. High condensing
pressure.

Lower cooling water flow than
the design value.

Increase water flow.

7. Too much friction in ejectors
and/or too little heat transfer
rate in condensers and/or

blockage of the condensate drain.

Fouling of internal working
surfaces (process fluids or
cooling water).

Clean parts.

8. Too much compression required

given the design energy provided.

Higher system discharge pressure
than the design maximum.

Decrease discharge
pressure drop or
redesign z stage.

9. Too much pressure drop between
vacuum user and vacuum
producer.

Suction pipe conditions

— smaller size than connection
— partially closed block valves
— fouling

— liquid traps

— undersized in-line equipment

Correct suction pipe
condition.

10. Flooding of condensers.

Insufficient condensate removal
provisions.

Clean tail pipe, check
for air leaks. Assure
operation of installed
mechanical equipment.

11. Too much or too little
steam flow.

Excessive steam pressure and/or
temperature.

86

Limit overpressure to
approx. 125%. Limit
superheat to approx. 50° F.
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The primary difficulties in troubleshooting a Steam
Jet System (i.e. finding and fixing the cause of a prob-
lem) result from:

1. Not understanding how ejector systems work.

2. Not being able to easily observe the operation
(fluids flowing inside).

3. Becoming confused by the interaction of compo-
nents.

There are three corresponding methods to use in sim-
plifying the troubleshooting process:

1. Study the appropriate parts of this standard
and any available manufacturers literature on
how systems work and how ejectors behave.

2. Use the appropriate pressure and temperature
gauges to determine fluid conditions and flow
meters to determine their rates.

3. Isolate and check the system and its compo-
nents.

This last method is the essence of the main trou-
bleshooting procedure as follows:

1. Check the operational history of the overall sys-
tem (vacuum user and vacuum producer).
Check for feed rate changes, trends or abnor-
malities in the suction pressure being produced,
operation of valves, gages, and meters.

2. Isolate the vacuum producer (steam jet vacuum
system) from the vacuum user by closing off
the suction valve or installing a blind flange on
the jet system suction connection (assure that
no liquid is trapped in the isolated section). If
the no load suction pressure (for a system
designed to be stable at no load) is approxi-
mately per the table below the steam jet system
is most likely working.

Number of No Load
Operating Stages Suction Pressure
1 35-50 mm Hg Abs
2 5 mm Hg Abs
3 1 mm Hg Abs
4 50-100 microns Hg Abs
5 5-10 microns Hg Abs

3.If the typical no load suction pressure is not
obtained keep the sysiem isolated and install a
blank on the last stage (z) gjector and turn on
its steam only (leave the water on to all con-
densers). Check the z stage no load suction
pressure per the above table (one stage operat-
ing). I it works, put the blank on the next stage
up (y) and turn steam on to the z stage first (to
check for interstage leaks) and then to y and z
stages. Check two stage no load suction pres-
sure per the above table. Continue on until
unsatisfactory results occur.
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4. As you discover unsatisfactory operation realize
than an ejector requires that only four basic
mechanical conditions are satisfied.

A. No plugs (stoppage or fouling) in the nozzle
or diffuser.

B. No leaks from the atmosphere or steam at
the steam nozzle connection {(inside the sue-
ticns head).

C. The internal working surfaces of the nozzle
and diffuser are reasonably smoath.

D. The correct parts are in place.

Similarly inter and after shell and tube con-
densers require these four mechanical conditions
be satisfied.

A. Reasonably clean tube surfaces (inside and
out).

B. No bleckage to fluid flow.

C. No leaks from the atmosphere (including
condensate drains) or from the water side to
the condensing side.

D. No flooding (of the condensing side).

5. Call the manufacturer with the information
you've obtained from {(all or part of) the above
procedure. They will be able to lead you to the
problem cause most effectively. 99% of all trou-
bleshooting issues can be handled over the
phone.
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APPENDIX A
BOLTING DATA
Heavy Hex
Thread Data Nut Dimensions Minimum Dimensions
Nominal No. of | Root Area | Pitch Across Across Bolt Radial Edge
Bolt Sizel Threads (in2) Diameter Flats Corners Spacing | Distance | Distance
(in) per in (in) (in) . . (in) (in)
n Ap D, D, (in) (in) R E
1% 13 0.126 4485 0.875 | 0.969 114 L0 54
5% | 11 | 0202 | 5644 | 1.062 [ 1175 1i4 1% 3
3% | 10 | 0302 | 6832] 1250 | 1.382 134 1% T
4 9 0.419 8009 1.438 1.589 24e 114 He
1 8 0.551 9168 1.625 1.796 214 134 1%e
1% 8 0.728 1.0417 1.812 2,002 214 114 1%
114, 8 0.929 1.1667 2.000 2.209 2:%s 134 114
134 8 1.155 1.2916 2.188 2.416 3%e 1% 134
114 8 1.405 1.4166 2.375 2.622 34 2 114
194 8 1.680 1.5416 2.562 2.828 314 215 164
13, 8 | 198 | 16665 | 2750 | 3.035 | 33, 214 13,
1% 8 2.304 1.7915 2.938 3.242 4 234 1%
2 8 2.652 1.9165 3.125 3.449 414 215 2
214 8 3.423 2.1664 3.500 3.862 434 23/ 214
214 g8 | 4202 24164 | 3875 | 4.275 51, 3%e 234
234 8 5.259 2.6663 4.250 4.688 584 334 2%
3 8 | 6324 |29162 | 4.625 | 5102 | 614 3% 27
3y, 8 7.487 3.1662 5.000 5.5156 634 3% 3
3t 8 8.749 3.4162 5.375 5.928 Tl 4% 31,
33, 8 10.108 3.6661 5.750 6.341 T 434 314
4 8 11.566 3.9161 6.125 6.755 814 45/ 354

—

oaTamce

NUT DIMENSIONS ARE PER ANSI B18.2.2
THREAD DIMENSIONS ARE PER ANSI B1.Y

A1.0 Calculation of Applied Torque Based on Lubricated Surfaces

Caution—The torque values derived from the following equation are not intended to
be those for gasket seating. User should refer to the manufacturer’s operation instruec-
tion manual for the proper gasket seating torques.

The following equation may be used to calculate the applied torque on the nut to
develop the stress in the bolts:

T = Torque = SA"F , ft-1bf
Where:
S = Bolt stress (psi) U; = Factor for friction between nut and
F _ U D. Uy o 1 wlj‘; (D2 — D3, in stud
12 U, = Factor for friction between nut sur-

A, = _;_ (D.2 — D2, in? face and bearing surface

Typical value of the factor for friction for lubricated surfaces is .15; however, this
value may vary between manufacturers.
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APPENDIX B

MECHANICAL CHARACTERISTICS OF STEEL TUBING

Nominal External Nominal Nominal

ick- Internal . Wt/Ft Transverse Moment of

Fr(l)l[":’)e S]:"‘tr(t;:elgu%e: ’I"t‘\;z: T[u[l)'e Area gl)a}i':) Coné.sant (Stt/ael) Metal Area Inertia

(in) (ft2) (in) (in) (in2) (Ibm/ft) (in?) (int)
.150 .325 0830 1.923 129. 762 2238 006942

135 356 09930 1.761 154. 707 2078 006711

125 375 1104 1.667 172. 668 1963 .006519

110 405 1288 1.543 201. 606 1780 .006169

105 4156 1353 1.506 211. .b84 1715 006034

g .1636 095 .435 1486 1.437 232, 538 1582 005733
.085 455 .1626 1.374 254. 491 1442 005386

075 475 772 1.316 276. 441 .1296 004991

065 495 .1924 1.263 300. 389 1144 .004543

060 505 .2003 1,238 312. 362 1065 .004298

055 .515 2083 1.214 325, 335 0985 004037

.050 .52b .2165 1.190 338, 307 0903 003761

150 .450 1590 1.667 248, 962 2827 .013519

1356 480 1810 1.562 282, .B88 2608 .012926

125 .B0o 1963 1.5600 306. 835 2454 .012464

110 .H30 2206 1.415 344. 753 2212 .011658

.105 540 2290 1.389 357. 724 2128 011358

34, 1963 .095 560 2463 1.339 384. .665 1955 010704
085 .BRO .2642 1.293 412, .604 1776 009977

075 .600 2827 1.250 441. b4l .1590 .009170

.065 .620 .3019 1.210 471. 476 .1399 008278

060 630 3117 1.190 486. .443 .1301 007799

055 .640 3217 1.172 502. .409 1201 .007296

.050 .650 .3318 1.154 518. 374 1100 006769

150 575 2597 1.522 405, 1.163 3416 .023408

135 .6U5 2875 1.446 448. 1.068 .3138 022198

125 .625 3068 1.400 479. 1.002 .2945 021284

110 .6hH 3370 1.336 526. 900 .2644 019739

1056 665 .3473 1.316 542. .864 2540 019174

Y .2291 .095 685 .3685 1.277 575. 792 2328 017966
085 705 .3904 1.241 609, 718 2110 016648

075 125 4128 1.207 644. 641 .1885 015212

.065 745 4359 1.174 680. .563 .1654 013653

060 755 4477 1.159 698. .523 1536 012824

0556 765 4596 1.144 717. 482 1417 011962

050 75 AT17 1.129 736. 441 1296 .011066

150 700 3848 1.429 600. 1.363 .4006 037301

135 730 4185 1.370 653. 1.248 3669 .035147

125 750 4418 1.333 689, 1.169 .3436 .033556

110 780 4778 1.282 745. 1.047 3076 030918

.105 790 .4902 1.266 T765. 1.005 2952 029968

1 .2618 .095 .B10 .5153 1.2356 804. 919 2701 027957
085 830 5411 1.205 844, .831 .2443 025791

075 B850 5674 1.176 885. 742 2179 023463

065 .B70 5945 1.149 927. 650 1909 020965

060 880 6082 1.136 949. .603 1772 019650

055 .890 6221 1.124 970. .556 .1633 018289

.050 900 .6362 1.111 992. 508 1492 016881

*Liquid velocity in feet/second = C

pounds per tube per hour

% specific gravity of liquid

89

Specific gravity of water at 60 deg. F = 1.0
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APPENDIX C
MECHANICAL CHARACTERISTICS OF TUBING
Nominal External Nominal Nominal Trans-

Tube Surface BWG Thick- Tube Internal Ratio Constant WuFt verse Moment of
oD per Ft. of Gauge ness 1D Area OD/ID L (Steel) Metal Inertia
{in) Tube (ft?) (in) (in) (in?) (Ibm/ft) Area (in2) (in%)

10 134 107 0090 3.505 14. .345 1015 000964
11 120 135 0143 2.778 22. 327 .0961 000954
12 .109 157 0194 2.389 30. 310 0911 000941
13 095 185 0269 2.027 42, .284 .0836 000913
14 .083 .209 .0343 1.794 54. .259 .0761 000877
15 072 231 0419 1.623 65. 233 .0685 .000831
16 065 245 0471 1.531 74. 216 .0633 000794
% 0982 17 058 .259 05627 1.448 82. 197 .0578 000750
18 .049 277 0603 1.354 94, A71 05602 000682
19 042 201 0665 1.289 104. 150 .0439 000619
20 035 305 0731 1.230 114. 127 .0374 000546
21 .032 311 0760 1.2086 119. A17 0345 000512
22 028 319 0799 1.176 125. 104 .0305 2000462
23 .025 325 0830 1.154 129. .093 .0275 000431
24 .022 331 .0860 1.133 134. 083 .0244 .000389
25 020 335 0881 1.119 137. 076 0223 000359
10 134 232 0423 2.155 66. 524 .1541 .002926
11 120 260 05631 1.923 83. 487 1433 002844
12 109 282 0625 1.773 97. 456 1339 002758
13 .095 310 0755 1.613 118. 411 1209 002615
14 .083 334 0876 1.497 137. 370 1087 1002457
15 072 356 0995 1.404 155. 329 .0968 002280
i6 065 370 1075 1.351 168. 302 0888 002148
1 1309 i7 058 .384 1158 1.302 181. 274 .0805 002001
18 .049 402 1269 1.244 198. .236 0694 001786
19 042 416 .1359 1.202 212. .206 0604 .001598
20 035 430 1452 1.163 227, 174 0511 001390
21 032 436 1493 1.147 233. .160 0470 001294
22 028 444 1548 1.126 242, 141 .0415 001160
23 025 450 1590 1.111 248. 127 0373 001075
24 022 456 .1633 1.096 255. 112 0330 .000963
25 020 460 .1662 1.087 259, 103 0302 .000886

pounds per tube per hour
C x specific gravity of liquid

*Liquid velocity in feet/second = Specific gravity of water at 60 deg. F = 1.0

For weights of other materialg, multiply carbon steel weights by the following factors:

90-10 CuNi UNS C70600-1.140 Al Bronze UNS C60800-1.042
70-30 CuNi UNS C71500-1.140 Copper Iron UNS C19400-1.119
Arsenical Cu UNS C14200-1.140 300 Series Stainless Steel-1.013
Admiralty UNS C444300-1.088 Titanium per ASTM B338-.573

Muntz UNS C28000-1.088
Al Brass UNS C68700-1.060
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APPENDIX C (cont'd)
MECHANICAL CHARACTERISTICS OF TUBING
Nominal External Nominal Nominal Trans-

Tube Surface BWG Thick- Tube Internal Ratio Constant Wt/Ft verse Moment of
oD per Ft. of Gauge ness 1D Area OD/ID o {Steel) Metal Inertia
(in} Tube (ft2) (in) (in} (in?) (lbm/ft) Area (in?) {in%)

10 134 357 1001 1.751 156. 703 .2067 .006693
11 120 .385 1164 1.623 182. 648 .1904 006412
12 109 407 11301 1.536 203. 801 1767 006143
13 095 435 .1486 1.437 232, 538 1582 005733
14 083 459 .1655 1.362 258, 481 1413 005311
15 072 481 .1817 1.299 283. 426 1251 004863
16 065 495 .1924 1.263 300. .389 1144 004543
54 1636 17 058 509 .2035 1.228 317. 352 1033 004195
’ 18 .049 527 2181 1.186 340. 302 0887 003704
19 042 541 2299 1.165 359. 262 0769 003285
20 035 .5b5 2419 1.125 377. .221 0649 .002833
21 032 B561 2472 1.114 386. .203 0596 002528
22 028 .569 2543 1.098 397. 179 0625 .002345
23 025 .b75 2597 1.087 405. .160 0471 002164
24 022 581 2651 1.076 414, 142 0417 .001932
25 .020 585 .2688 1.068 419. 129 L0380 001773
10 134 482 1825 1.556 285. 882 2593 012882
11 120 510 .2043 1.471 319. 808 2375 012211
12 109 532 2223 1.410 347. 747 21985 .011600
13 .095 560 .2463 1.339 384, 655 1955 010704
14 .083 584 2679 1.284 418, 592 1739 009822
15 072 606 .2884 1.238 450. 522 1534 .008912
16 065 620 3019 1.210 471, 478 .1399 .008278
3 1963 17 058 634 3157 1.183 492, 429 1261 007601
18 049 652 .3339 1.150 521. 367 1079 006661
19 042 666 3484 1.126 543. 318 .0934 005874
20 035 .680 .3632 1.103 567, 268 0786 005036
21 .032 686 .3696 1.093 577. 246 0722 004661
22 028 694 3783 1.081 590. .216 .0635 004145
23 025 700 3848 1.071 600. 194 .0569 003815
24 022 706 3915 1.062 611, 171 .0503 .003398
25 020 710 .39569 1.056 618. .156 0459 003114
10 .134 607 2894 1.442 451, 1.061 3119 022110
11 120 635 3167 1.378 494, 969 2846 020793
12 .109 657 3390 1.332 529. .893 .2623 019628
13 085 685 .3685 1.277 575. .792 2328 017966
14 083 709 3948 1.234 616. 703 .2065 016370
15 072 .731 4197 1.197 655. 618 .1816 014758
16 065 745 43569 1.174 680. 563 .1654 013653
% 9291 17 .058 7159 4525 1.153 706. 507 .1489 012484
18 .049 777 4742 1.126 740. 433 1272 010882
19 1042 791 4914 1.106 767. 374 .1099 009558
20 035 805 5090 1.087 794, 314 0924 008161
21 032 .811 5166 1.079 806. 288 0847 007539
22 028 819 5268 1.068 822, 254 0745 006689
23 0256 .825 5346 1.061 834. 227 0668 006147
24 022 .831 5424 1.053 846. 201 0590 .005465
25 020 .835 5476 1.048 854, 183 10637 005003

pounds per tube per hour
C X specifie gravity of liquid

*Liquid velocity in feet/second = Specific gravity of water at 60 deg. F = 1.0
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APPENDIX C {cont'd)
MECHANICAL CHARACTERISTICS OF TUBING
Nominal External Nominal Nominal Trans-

Tube Surface BWG Thick- Tube Internal Ratio Constant Wt/Fi verse Moment of
oD er Ft. of Gauge ness 1D Area OD/ID ce (Steel) Metal Inertia
(in) }l)\lbe {fi?) {in) {in) (in?%) (Ibm/ft) Area (in?) (in%)

10 134 732 .4208 1.366 657. 1.241 .3646 034994
11 .120 .760 4536 1.316 T08. 1.129 .3318 032711
12 109 782 4803 1.279 749. 1.038 .3051 2030731
13 .095 .810 .5153 1.235 804. 919 2701 027957
14 083 834 5463 1.199 352, 814 2391 025339
15 072 .856 5755 1.168 898. 714 .2099 022732
16 065 870 5945 1.149 927. 650 1909 020965
1 2618 17 058 884 6138 1.131 957, 584 1716 1019111
18 049 902 .6390 1.109 997. 498 1464 016594
19 042 916 65690 1.092 1028. 430 1264 014529
20 035 930 6793 1.075 1060. 361 1061 012367
21 032 936 6881 1.068 1073. 331 0973 011411
22 028 944 6999 1.059 1092. .291 .0855 .010106
23 025 950 7088 1.053 1106, 260 0766 .009275
24 022 956 7178 1.046 1120. 230 0676 .008236
25 020 960 7238 1.042 1129. .209 .0616 .007533
10 134 857 5768 1.313 900. 1.420 4172 052150
11 120 .885 B151 1.271 960. 1.289 3789 .048516
12 109 807 6461 1.240 1008. 1.184 .3479 045409
13 .095 935 6866 1.203 1071. 1.046 3074 041113
14 .083 859 7223 1.173 1127. 925 2747 037110
15 .072 981 71558 1.147 1179. 811 2382 033167
16 065 995 7776 1.131 1213. 737 2165 030516
1% 2945 17 .058 1.009 7996 1.115 1247. .662 1944 027750
18 .049 1.027 8284 1.095 1292, 564 .1656 024021
19 .042 1.041 85611 1.081 1328. 486 1429 020982
20 .035 1.005 8742 1.066 1364, 408 1199 017818
21 032 1.061 8841 1.060 1379. 374 1099 016423
22 .028 1.069 .8975 1.052 1400. 328 0965 1014525
23 .025 1.075 9076 1.047 1416, 294 .0864 013317
24 022 1.081 9178 1.041 1431. .259 0762 011814
25 .020 1.085 9246 1.037 1442, .236 0694 010797
10 134 982 7574 1.273 1182. 1.599 4698 074195
11 120 1.010 8012 1.238 1250. 1.450 4260 068762
12 109 1.032 .8365 1.211 1305. 1.330 .3907 064164
13 085 1.060 8825 1.179 1377. 1.173 3447 057871
14 083 1.084 9229 1.153 1440. 1.035 3043 052064
15 D72 1.106 9607 1,130 1499, 907 .2665 046392
16 065 1.120 9852 1.116 1537. 823 2420 042602
1% 3979 17 058 1.134 1.0100 1.102 1576. .739 2172 .038667
18 049 1.152 1.0423 1.085 1626, 629 .1849 .033389
19 042 1.166 1.0678 1.072 1666. 542 15694 029110
20 035 1.180 1.0936 1.059 1706. 455 .1336 024673
21 032 1.186 1.1047 1.054 1723. 417 1224 022722
22 .028 1.194 1.1197 1.047 1747. .366 A075 .020075
23 025 1.200 1.1310 1.042 1764. 327 0962 .018390
24 022 1.206 1.1423 1.036 1782. 289 .0849 016301
25 020 1.210 1.1499 1.033 1794. 263 0773 014891

pounds per tube per hour
C X specific gravity of liquid

*Liquid velocity in feet/second = Specific gravity of water at 60 deg. F = 1.0
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APPENDIX C (cont'd)

MECHANICAL CHARACTERISTICS OF TUBING

Nominal External Nominal Nominal Trans-

Tube Surface BWG Thick- Tube Internal Ratio Constant Wt/Ft verse Moment of
oD er Ft. of Gauge ness D Area OD/1ID C* (Steel) Metal Inertia
(in) be (ft%) {in) (in) (in®) (Ibm/ft) Area (in® (in%)

10 134 1.232 1.1921 1.218 1860. 1.957 5750 135418
11 120 1.260 1.2469 1.190 1945. 1.770 5202 124781
12 109 1.282 1.2908 1.170 2014, 1.621 4763 115911
13 095 1.310 1.3478 1.145 2103. 1.427 .4193 103943
14 .083 1.334 1.3977 1.124 2180. 1.257 3695 .093054
15 072 1.356 1.4441 1.106 2253. 1.099 .3230 082543
16 065 1.370 1.4741 1.095 2300, 997 .2930 075582
1¥s 3927 17 .058 1.384 1.5044 1.084 2347. .894 .2628 068405
18 049 1.402 1.5438 1.070 2408, 760 2234 058851
19 042 1.416 1.5748 1.059 2457, .655 1924 051161
20 035 1.430 1.6061 1.049 2505. 548 .1476 1043240
21 032 1.436 1.6196 1.045 2527. 602 1611 039774
22 .028 1.444 1.6377 1.039 2555, 441 1295 035083
23 025 1.450 1.6513 1.034 2576. 394 1158 1032100
24 022 1.456 1.6650 1.030 2597. 347 1022 028419
25 020 1.460 1.6742 1.027 2611. .316 .0930 1025939
10 .134 1.732 2.3561 1.155 3675. 2.673 78565 343663
11 120 1.760 2.4328 1.136 3795, 2412 7087 .314398
12 109 1.782 2.4940 1.122 3891. 2.203 6475 280403
13 085 1.810 2.5730 1.105 4014. 1.935 5685 258551
14 .083 1.834 2.6417 1.091 4121. 1.701 4999 230047
15 072 1.856 2.7055 1.078 4221, 1.484 4361 202917
16 065 1.870 2.7465 1.070 4284, 1.345 3951 .185142
9 5236 17 058 1.884 2.7877 1.062 4349, 1.204 3539 166964
18 .049 1.902 2.8413 1.052 4432, 1.022 3003 142989
19 1042 1.916 2.8832 1.044 4498, 879 2584 .123865
20 1035 1.930 2.9255 1.036 4564. 735 .2161 .104317
21 032 1.936 2.9437 1.033 4592, 673 1978 095808
22 028 1.944 2.9681 1.029 4630. 580 1735 .084339
23 025 1.950 2.9865 1.026 4658, 528 1551 077050
24 022 1.956 3.0049 1.022 4687. 465 1367 068111
25 020 1.960 3.0172 1.020 47086. 423 1244 062105

*Liquid velocity in feet/second =

pounds per tube per hour

C X specific gravity of liquid
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Specific gravity of water at 60 deg. F = 1.0
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APPENDIX D
METRIC CONVERSION FACTORS
NOMENCLATURE

NAME SYMBOL OTHER UNITS
inch/inches in
foot/feet ft
meter (S m
millimeter mm
square inch in?
square foot fi2
square meter (8I) m?
square centimeter cm?
square millimeter mm?
cubic inch in?
cubic foot fi?
gallon (US liquid) gal
cubic meter (SI) m?
liter L
pound mass (avoirdupois) lbm
kilogram (SD) kg
pound force (avoirdupois) Ibf
kilogram force kgf
newton (8D N m - kg/s®
degree Fahrenheit °F
kelvin (SI) K
degree Celsius (SI) °C
British thermal unit

(International Table) Btu
kilocalorie

{International Table) keal
joule {SI) J N - m, m? - kg/s?
kilojoule kJ
second {customary) sec
second (8D 8
minute min
hour (customary) hr
hour (metric) h
watt (8D w J/s, N - mfs, m2 - kg/s®
pound force/square inch psi 1bf/in?
inches of mercury in Hg
feet of water ft HO
pascal (SI) Pa N/m2, kg/(m * s?)
kilopascal kPa
bar bar
millimeter of mercury mmHg
torr torr
centipoise cp
Notes:

1. (SI) Denotes an “International System of Units” unit.

2. Pressure should always be designated as gage or absolute.
3. The acceleration of gravity, g, is taken as 9.80665 m/s?,

4. One gallon (U 8 liguid) equals 231 in®
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APPENDIX D (cont'd)

PREFIXES DENOTING DECIMAL MULTIPLES OR SUBMULTIPLES
PREFIX SYMBOL MULTIPLICATION FACTOR
micro n 0.000 001 = 10
milli m 0.001 = 103
centi c 0.01 = 102
deci d 0.1 = 10!
deca da 10 = 10!
hecto h 100 = 102
kilo k 1000 = 103
mega M 1 000 000 = 105
giga G 1 000 000 000 = 10°

CONVERSION FACTORS
LENGTH
MULTIPLY BY TO OBTAIN
in 2.540 X 102 m (8I)
in 2.540 X 101 mm
ft 3.048 X 101 m (8D
ft 3.048 X 102 mm
AREA
MULTIPLY BY TO OBTAIN
in? 6.451600 x 10 m? (3D
in? 6.451600 x 102 mm?
fi2 9.290304 x 102 m? (SI)
ft2 9.290304 x 104 mm?
VOLUME
MULTIPLY BY TO OBTAIN
in® 1.638706 x 105 m? (SD)
in® 1.638706 x 102 L
ft3 2.831685 x 102 m? (8D
fi3 2.831685 x 101 L
gal 3.785412 x 10° m3 (SI
gal 3.785412 L
MASS
MULTIPLY BY TO OBTAIN
Ibm 4.535924 x 10! kg (8D)
FORCE
MULTIPLY BY TO OBTAIN
Ibf 4.448222 N (SD
Ibf 4.535924 x 101 kgf
kef 9.806650 N (SID
TEMPERATURE
K = (°F + 459.67)/1.8 (8D
°C = (°F — 32¥1.8 (8D
°F = 1.8 K — 459.67
°F = 1.8°C + 32
ENERGY, WORK OR QUANTITY OF HEAT
MULTIPLY BY TO OBTAIN
Btu 1.055056 x 103 J (SI)
Btu 2.519958 x 101 keal
ft-thf 1.355818 dJ (SI)
fi-lbf 3.238316 x 10+ keal
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MULTIPLY
Btu/hr

MULTIPLY
psi

psi

psi

psi

Ibf/ft?

Ibifit?

Ihi/ft?

inHg (32°F)
inHg (32°F)
inHg (32°F)
inHg (32°F)
inHg (32°F)
torr (0°C)

torr (0°C)
ftHz0 (39.2°F)
ftH.0 (39.2°F)
ftH,0 (39.2°F)

MULTIPLY
ft/sec
ft/min

MULTIPLY
Ibm/hr
Ibm/hr

MULTIPLY
ft3/min
ft3/min
gal/min
gal/min
gal/min

MULTIPLY
Ibm/¢hr - ft2)
Ibm/¢hr - ft2)
Ibm/(sec - ft%)

MULTIPLY
fi31bm
fi3Nbm
gal/lbm
gal/lbm

APPENDIX D (cont'd)
POWER (ENERGY/TIME)
BY TO OBTAIN
2.930711 x 10! W
PRESSURE OR STRESS (FORCE/AREA)
BY TO OBTAIN
6.894757 x 10° Pa
6.894757 kPa
6.894757 x 102 bar
7.030696 X 102 kgf/cm?
4.788026 x 101 Pa
4,788026 % 102 kPa
4.882428 kgf/m?
3.38638 x 102 Pa
3.38638 kPa
3.38638 x 10% bar
3.45315 X 102 kgf/em?
2.540 »® 10! mmHg
1.33322 x 102 Pa
1.0 mmHg
2.98898 x 10° Pa
2.98898 kPa
3.047915 x 10? kgf/m?
VELOCITY (LENGTH/TIME)
BY TO OBTAIN
3.048000 x 101 m/s
5.080000 x 103 m/s
MASS FLOW RATE (MASS/TIME)
BY TO OBTAIN
1.259979 x 10+ kg/s
4,535924 x 10! kg/h
VOLUME FLOW RATE (VOLUME/TIME)
BY TO OBTAIN
4719474 > 10¢ m¥/s
1.699011 m%h
6.309020 x 105 mé/s
2.271247 % 10* m¥h
3.785412 L/min
MASS VELOCITY (MASS/TIME-AREA)
BY TO OBTAIN
1.35623 x 103 kg/(s + m?)
4.882428 kg/(h - m2)
4.882428 kg/(s - m2)
SPECIFIC VOLUME (VOLUME/MASS)
BY TO OBTAIN
6.242797 x 102 m¥kg
6.242797 x 10! L/kg
8.345406 x 103 m¥kg
8.345406 L/kg
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APPENDIX D (cont’d)

DENSITY (MASS/VOLUME)
MULTIPLY BY TO OBTAIN
lbm/in? 2.767990 x 10* kg/m? (SD)
1bm/in? 2.767990 x 10! kg/L
lbm/ft3 1.601846 X 10! kg/m? (S
Thbm/ft3 1.601846 X 102 kg/L
Tbm/gal 1.198264 x 102 kg/m? (S
Ibm/gal ' 1.198264 X 101 kg/L

ENTHALPY (ENERGY/MASS)
MULTIPLY BY TO OBTAIN
Btu/lbm 2.326000 x 108 Jikg (SI)
Btwlbm 2.326000 kJ/kg
Btu/lbm 5.555556 X 107 keal/kg

HEAT CAPACITY AND ENTROPY (ENERGY/MASS-TEMPERATURE)

MULTIPLY BY TO OBTAIN
Btw/(lbm - °F) 4.186800 x 103 Jikg - K) (SD)
Btuw/(ibm - °F) 4.186800 kJ/(kg - K)
Btu/(lbm - °F) 1.000000 keal/(kg - °C)

THERMAL CONDUCTIVITY (ENERGY-LENGTH/TIME-AREA-TEMPERATURE)
MULTIPLY BY TO OBTAIN

Btu - in/thr - ft2 - °F) 1.442279 x 10! W/m - K) (SID
Btu - in/(hr - ft? - °F) 1.240137 x 10! keal - m/(h - m? - K)

Btu - ft/(hr - ft2 - °F) 1.730735 W/m - K) (SI)
Btu - ft/(hr - ft2 - °F) 1.488164 keal * m/th - m? - K)
DYNAMIC VISCOSITY (MASS/TIME-LENGTH OR FORCE-TIME/AREA)
MULTIPLY BY TO OBTAIN
cp 1.000000 x 103 Pa-s (SD
Ibm/(hr - ft) 4.133789 x 10+ Pa-s (SD
lbm/Chr - ft) 4,133789 x 10! cp
Ibm/(sec - ft) 1.488164 Pa-s (S
Ibm/(sec - ft) 1.488164 x 108 cp
1bf - sec/ft? 4788026 x 10! Pa-s (SnD
Ibf - sec/ft? 4.788026 X 10% cp
HEAT FLUX DENSITY (ENERGY/TIME-AREA)
MULTIPLY BY TO OBTAIN
Btu/(hr - °ft%) 3.154591 W/m? (8D
Btu/(hr - °ft2) 2.712460 kcal/(th - m?)
HEAT TRANSFER COEFFICIENT (ENERGY/TIME-AREA-TEMPERATURE)
MULTIPLY BY TO OBTAIN
Btu/(hr - ft2 - °F) 5.678263 W/(m2 - K) (8D
Btu/(hr - fi2 - °F) 4.882428 keal/th - m? - K)
FOULING RESISTANCE (TIME-AREA-TEMPERATURE/ENERGY)
MULTIPLY BY TO OBTAIN
hr - {t2 - °F/Btu 1.761102 x 10! m? - K'W (SI)
hr - ft? - °F/Btu 2.048161 x 101 h - m2 - K/kcal
*See Appendix F for additional equivalents, 97
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APPENDIX E

PIPE FLANGES AND FLANGED FITTINGS

TABLE 1A LIST OF MATERIAL SPECIFICATIONS

Pressure~ Applicable ASTM Specifications’
Material Nominal Temperature
Group Dasignation Rating Table Forgings Castings Plates
1.1 C-Si 2111 A 105 A 216 Gr. WCB A 515 Gr. 70
C-Mn-Si "A 350 Gr. LF2 A 516 Gr. 70
AB37CL1
C-Mn-Si-V A 350 Gr.LF6 CI. 1
1.2 C-Mn-8i 2-1.2 A 216 Gr. WCC
A 352 Gr. LCC
C-Mn-Si-V A 350 Gr. LF6 CI. 2
2%%Ni A 352 Gr. LC2 A 203 Gr. B
3%Ni A 350 Gr. LF3 A 352 Gr. LC3 A 203 Gr. E
1.3 C-Si 2-1.3 A 352 Gr. LCB A 515 Gr. 65
C-Mn-Si A 516 Gr. 65
2% Ni A 203 Gr. A
3%Ni A203Gr.D
1.4 C-Si 2-1.4 A 515 Gr. 60
C-Mn-5i A 350 Gr. LF1 Cl. 1 A 516 Gr. 60
1.5 C-%Mo 2-1.5 A 182 Gr. F1 A 217 Gr. WC1 A 204 Gr. A
A 352 Gr. LC1 A204Gr. B
1.7 C-%Mo 2-1.7 A 204 Gr. C
YCr-%Mo A 182 Gr. F2
Ni-%Cr~'5Mo A 217 Gr. WC4
%Ni-%Cr-1Mo A 217 Gr. WCS
19 1Cr-%Mo 2-1.9 A182Gr.F12Cl. 2
tYuCr-1%Mo A 217 Gr. WCB
1YuCr-%Mo-Si A182Gr.F11Cl 2 A 387 Gr. 11 CL 2
1.10 2YCr-1Mo 2-1.10 AB2Gr.F22CL3 | A 217 Gr. WCS A387Gr,22CL 2
1.13 5Cr-Mo 2-1.13 A 182 Gr.F5
A 182 Gr. Fba A217Gr. C5
1.14 $Cr-1Mo 2-1.14 A 182 Gr. F9 A 217 Gr. C12
1.16 9Cr-1Mo-V 2-1.15 A 182 Gr. FN A 217 Gr. C12A A3B7Gr.91CL2
21 18Cr-8Ni 2-.1 A 182 Gr, F304 A 351 Gr. CF3 A 240 Gr. 304
A 182 Gr. F304H A 351 Gr. CF8 A 240 Gr, 304H
22 16Cr-12Ni-2Mo 2-2.2 A 182 Gr. F316 A 351 Gr. CF3M A 240 Gr. 316
A 182 Gr. F318H A 351 Gr. CF8M A 240 Gr. 316H
18Cr-13Ni-3Mo A 240 Gr. 317
19Cr-10Ni-3Mo A 351 Gr. CGBM
23 18Cr-8Ni 2-2.3 A 182 Gr. F304L A 240 Gr, 304L
16Cr-12Ni-2Mo A 182 Gr. F316L A 240 Gr. 316L
24 18Cr-10Ni-Ti 2-24 A 182 Gr. F321 A 240 Gr, 321
A 182 Gr. F321H A 240 Gr. 321H

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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PIPE FLANGES AND FLANGED FITTINGS

APPENDIX E (cont'd)

TABLE 1A LIST OF MATERIAL SPECIFICATIONS (CONT'D)

Pressure-~ Applicable ASTM Specifications’
Material Nominal Temperature
Group Designation Rating Table Forgings Castings Plates
25 18Cr-10Ni-Cb 2-25 A 182 Gr. F347 A 351 Gr. CF8C A 240 Gr. 347
A 182 Gr. F347H A 240 Gr. 347H
A 182 Gr, F348 A 240 Gr. 348
A 182 Gr. F348H A 240 Gr. 348H
28 25Cr-12Ni 226 A 351 Gr. CHE
A 351 Gr. CH20
23Cr-12Ni A 240 Gr. 308S
A 240 Gr. 309H
2.7 25Cr-20Ni 2-2.7 A 182 Gr. F310 A 351 Gr. CK20 A 240 Gr. 3108
A 240 Gr. 310H
2.8 20Cr-18Ni-6Mo 2-2.8 A 182 Gr. F44 A 351 Gr. CK3MCuN | A 240 Gr. S31254
22Cr-5Ni-3Mo-N A 182 Gr. F51 A 240 Gr. $31803
25Cr-7Ni-4Mo-~-N A 182 Gr. F53 A 240 Gr. S32750
24Cr-10Ni-aMo-V A 351 Gr, CESMN
25Cr<5Ni-2Mo-3Cu A 351 Gr. CDaMCu
25Cr-7Ni-3.5Mo-W-Ch A 351 Gr.
CD3IMWCuUN
25Cr-7Ni-3.5Mo-N-Cu~W A 182 Gr. F55 A 240 Gr. S32760
3.1 35Ni-35Fe~-20Cr-Cb 2-3.1 B 462 Gr. N08020 B 463 Gr. NOS020
3z 99.0Ni 2-3.2 B 160 Gr. N02200 B 162 Gr. N02200
3.3 99.0Ni-Low C 2-3.3 8 160 Gr. N0O2201 B 162 Gr. NO2201
34 67Ni-30Cu 2-3.4 B 564 Gr. N04400 B 127 Gr. N04400
67Ni-30Cu~S B 164 Gr. N0a40s
35 72Ni-15Cr-8F¢ 2-35 B 564 Gr. NOGEQO B 168 Gr. NOG60O
3.6 33Ni-42Fe-21Cr 2-3.6 B8 564 Gr. NOSSOO B 409 Gr. NOBB0O
7 65Ni-28Mo~2Fe 2-37 B 335 Gr. N10665 B 333 Gr. N10665
38 54Ni-16Mo-15Cr 2-3.8 8 564 Gr. N10276 B 575 Gr. N10276
60Ni-22Cr-8Mo-3.5Cb B 564 Gr. NOB625 B 443 Gr. NO&625
62Ni-28Mo-5Fe B 335 Gr. N10001 B 333 Gr. N10001
70Ni-16Mo-7Cr-5Fe B 573 Gr. N10003 B 434 Gr. N10003
61Ni-16Mo-16Cr 8 574 Gr. ND&455 B 575 Gr. NO5455
42Ni-21.5Cr-3Mo-2.3Cu B 564 Gr. N0OB825 B 424 Gr. NOBS2S
as 47Ni-22Cr-9Mo-18Fe 239 B 572 Gr. N0O&002 B 435 Gr. N06002
3.10 25Ni—46Fe~21Cr-5Mo 2-3.10 B 672 Gr. NOB700 B 5399 Gr. N08700
an 44F9-25Ni-21Cr-Mo 2-3.11 B 649 Gr. NOR904 B 625 Gr. NO8904
12 26Ni-43Fe-22Cr-5Mo 2-3.12 B 621 Gr. N08320 B 620 Gr. N0O8320
47Ni-22Cr-20Fe-7Mo B 581 Gr. NOESSS5 B 582 Gr. N06985

(Table 1A continues on next page; Notes follow at end of Table)

Reprinted from ASME B16.5 by permission of The American Society of Mechanical

Engineers. All rights reserved.
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APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 1A LIST OF MATERIAL SPECIFICATIONS (CONT'D)
Pressure— Applicabls ASTM Specifications’
Material Nominal Temperature
Group Designation Rating Table Forgings Castings Piates

313 49Ni-25Cr-18Fe-6Mo 2-3.13 B 581 Gr. NO6975 B 582 Gr, NO§975

Ni~Fe=Cr-Mo-Low Cu B 584 Gr. NO8031 B 625 Gr. NOBO31
3.14 47Ni-22Cr-19Fe~6Mo Z-3.14 B 581 Gr. NOG0OO7 B 582 Gr. NOG0O7
3.15 33Ni-42Fe-21Cr 2-3.15 B 564 Gr. N08810 B 409 Gr. N08810
3.16 35Ni-19Cr-1%Si 2-3.16 B8 611 Gr. ND8330 B 536 Gr, NOB330
3.17 29Ni-20.5Cr-3.5Cu-2.5Mo 2-3.17 A 35t Gr. CN7M

GENERAL NOTES:
(a} For temperature limitations, ses Notes in Table 2.
{b) Plate materials are listed only for use as blind flanges (see para. 5.1). Additional plate materials listed in ASME B16.34

may also be used with corresponding B16.34 Standard Class ratings.
{c) Material Groups not listed in Table 1A are intended for use in valves. See ASME B16.34.

NOTE:

{1) ASME Boiler and Pressure Vessel Code, Section I! materials, which also meet the requirements of the listed ASTM speci-
fications, may aiso be used.

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 18 LIST OF BOLTING SPECIFICATIONS
Applicable ASTM Specifications'®

Bolting Materials [Note (1))

High Strength Intermediate Strength Low Strength Nickel and Special Alloy
[Note [2)] [Note {3)] [Note (4}] [Nots (5)]
Spec. Spec. Spec. Spec.

No. Grade Notes No. Grade Notes No. Grade Notes No. Grade Notes
A193 B7 .. A193 B5 ... A193 BBCL1 6 g4 ... {7HB)o}
A193 B16 . A193 BB e A 183  BBC CL1 (]

A 193 BeX e A 193 88M Ci.1 {6) B8 168 e [walt:ils:)]
A 320 L7 (10 A183 BT . A 193  BBT CL3 {8}
A 320 L7A {0 A 183 BB Cl.2 [L31] A 193 BRA 8} B 335 N10685 7
A 320 L7B {10} A 183 B8C CI.2 {1 A 183 B8CA (8]
A 320 L7C {10} A193 BEMCL2 11 A183  BBMA {8 Bags ... {7HB)(9)
A 320 143 110} A 183 BBT (12 (1) A183 BSTA {6

B473 ... n

A 354 8C L A320 88CL2 (1 A307 B (12
A 354 BD . A 320 B8C CI.2 {11 B 574 N10276 N

A 320 BBFCL2 {11 A 320 BBCLY 6
A 540 821 . A 320 BBMCL2 {11) A 320 BECCL1 6
A 540 az2 o A320 BETCL2 (1 A320 B8MCL1  (6)
A 540 B23 L A 320 88T Cla [6)
A540  B24 Asd ... 13t

A 453 651 (14)

A 453 660 {14)

GENERAL NOTE: Beling material shall not be used beyond temperature limits specified in the governing code.

NOTES:

{1
(2)
(3)
(4)

{5)
(6

7
(8)

{9}
(10)
{1
{12)
13)

(14)
(15)

Repair welding of bolting material is prohibited.

These bolting materials may be used with all listed materials and gaskets.

These bolting materials may be used with all listed materiais and gaskets, provided it has been varified that a sealed joint
can be maintained under rated working pressure and temperature.

These bolting materiais may be used with all listed materials but are timited to Classes 150 and 300 joints. See para. 5.4.1
for required gasket practices.

These materiats may be used as bolting with comparable nickel and speciaf alloy parts.

This austenitic stainiess material has been carbide solution treated but not strain herdened. Use A 194 nuts of corresponding
material.

Nuts may be machined from the same material or may be of a compatible grade of ASTM A 194,

Maximum operating temperature is arbitrarily set at 500°F, unless material has been annealed, solution annealed, or hot
finished because hard temper adversely affects design stress in the creep rupture range.

Forging quality not permitted unless the producer last heating or working these parts tests them as required for other permitted
conditions in the same specification and certifias their final tensile, yield, and slongation properties to equsl or exceed the
requirements for one of the other permitted conditions.

This farritic material is intended for low temperature service. Use A 194 Grade 4 or Grade 7 muts.

This austenitic stainless material has been carbide solution treated and strain hardened. Use A 134 nuts of corresponding
material.

This carbon stesl fastener shall not be used above 400°F or below —20°F. See also Note (4). Bolts with drilled or undersized
heads shail not be used.

Acceptable nuts for use with quenched and tempered bolts are A 194 Grades 2 and 2H. Mechanical property requirements
for studs shall be the same as those for bolts.

This specisl alloy is intended for high temperature service with austenitic stainless steal.

ASME Boiler and Pressure Vessel Code, Section || materials, which also meet the requiraments of the listed ASTM specifications,
may also be used.

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 1C FLANGE BOLTING DIMENSIONAL RECOMMENDATIONS

Product Carbon Steel Alloy Stesl
Stud bolts ASME B818.2.1 ASME B18.2.1
Bolts smaller than ¥, in. ASME B18.2.1, square or ASME B18.2.1, heavy hex

Bolts equal to or larger than
%in
(] .

Nuts smaller than % in.

Nuts equal to or larger than
Yin
4 1.

Male threads

Female threads

heavy hex head

ASME B18.2.1, square or hax
head

ASME 818.2.2, heavy hex

ASME B18.2.2, hex or heavy
hex

ASME 81.1, Cl. 2A coursse
series

ASME 81.1, Cl, 2B course
series

head

ASME B18.2.1, heavy hex
head

ASME B18.2.2, heavy hex

ASME B18.2.2, haavy hex

ASME B1.1, CL 2A course
series up through 1 in.;
eight thread series for
{arger bolts

ASME B1.1, Cl. 2B course
series up through 1in.;
eight thread series for
larger bolts

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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PIPE FLANGES

APPENDIX E (cont’d)

AND FLANGED FITTINGS
TABLES 2

PRESSURE-TEMPERATURE RATINGS FOR
GROUPS 1.1 THROUGH 3.17 MATERIALS

TABLE 2-1.1 RATINGS FOR GROUP 1.1 MATERIALS

Nomins}
Designation Forgings Cartings Plates
C-Si A 105 {1} A 216 Gr. WCB (1} A 515 Gr. 70 {1}
C-Mn-5i A 350 Gr. LF2 (1) A 516 Gr. 70 (1)(2)

A 537 Cl.1(3)

C-Mn-5i-v A 350 Gr. LF8 CI. 1 (4)

NOTES:

{1) Upon prolonged exposure to temperatures above 800°F, the carbide phase of steel may be
converted to graphite. Permissible, but not recommended for prolonged use above BOOF.

(2} Not to be used over 850°F.

(3) Not to be used over 700°F.

{4) Not to be used over S00°F,

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
=20 to 100 285 740 990 1480 2220 3705 6170
200 260 675 S00 1350 2025 3375 5625
300 230 655 875 1315 1970 3280 5470
400 200 635 845 1270 1900 3170 5280
500 170 600 800 1200 1795 2995 4990
600 140 550 730 1095 1640 2735 4560
650 12% 535 715 1075 1610 2685 4475
700 110 535 710 1065 1600 2665 4440
750 95 505 670 1010 1510 2520 4200
800 80 410 5§50 825 1235 2060 3430
850 65 270 3556 835 805 1340 2230
900 50 170 230 345 515 860 1430
950 35 105 140 205 310 515 860
1000 20 50 70 105 165 260 430

Reprinted from ASME B16.5 by permission of The American Society of Mechanical

Engineers

. All rights reserved.
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APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.2 RATINGS FOR GROUP 1.2 MATERIALS

Nominal
Designation Forgings Castings Plates
C-Mn-Si A 216 Gr. WCC (1)

A 352 Gr. LCC (2)

C-Mn-Si-V A 350 Gr, LF6 CI. 2 (3)

2%Ni A 362 Gr. LC2 A203Gr.B{1)
3W%Ni A 350 Gr. LF3 A 352 Gr. LC3 A 203 Gr. E (1)
NOTES:

(1) Upon prolonged exposure to temperatures above BOO°F, the carbide phase of steel may be
converted to graphite. Permissible, but not recommended for prolonged use above 800°F,

(2) Not to be used over 650°F.

{3} Not to be used over 500°F.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
=20 to 100 290 750 1000 1500 2250 3750 6250
200 260 750 1000 1500 2250 3750 6250
300 230 730 970 1455 2185 3640 6070
400 200 705 940 1410 2115 3530 5880
s00 170 665 885 1330 1995 1325 5540
600 140 605 805 1210 1815 3025 5040
650 125 590 785 1175 1765 2540 4905
700 110 570 755 1136 1705 2840 4730
750 95 505 670 1010 1510 2520 4200
800 80 410 550 825 1235 2060 3430
850 85 270 355 835 805 1340 2230
800 50 170 230 345 515 860 1430
950 3s 106 140 205 310 515 860
1000 20 50 70 105 185 260 430

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.3 RATINGS FOR GROUP 1.3 MATERIALS

Nominal
Designation Forgings Castings Plates
C-5i A 352 Gr, LCB (3) A 515 Gr. 65 1)
C-Mn-S§i A 516 Gr. 65 {1}{2)
2VoNi A 203 Gr. A {1}
3VoNi A 203 Gr. D (1}
NOTES:

{1) Upon protonged exposure to temperatures above BOO°F, the carbide phase of stesl may be
converted to graphite. Permissible, but not recommended for prolonged use above 800°F.

(2) Not to be used over 850°F,

{3) Not to be used over 650°F.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
—20 to 100 265 695 925 1390 2085 3470 5785
200 250 655 875 1316 1870 3280 5470
300 230 640 850 1275 1915 3180 5316
400 200 620 825 1235 1850 3085 5145
500 170 585 775 1165 1745 2910 4850
600 140 535 710 1065 1600 2665 4440
€50 125 525 695 1045 1570 2815 4355
700 110 520 690 1035 1585 2590 4320
750 95 475 630 845 1420 2365 3945
800 80 390 520 780 1175 1955 3260
850 65 270 355 535 805 1340 2230
200 50 170 230 345 515 860 1430
850 35 106 140 205 310 515 as0
1000 20 50 70 105 155 260 430

Reprinted from ASME B16.5 by permission of The American Society of Mechanical

Engineers. All rights reserved.
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APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.4 RATINGS FOR GROUP 1.4 MATERIALS

Nominal
Designation Forgings Castings Plates
C-8i A 515 Gr. 60 {1}
C-Mn-Si A 350 Gr. LFY, CL.1 (1) A 516 Gr. 80 {1)(2)
NOTES:

{1) Upon prolonged exposure 10 temparatures above 800°F, the carbide phase of steel may be
converted to graphite. Permissible, but not recommended for prolonged use above 800°F.
{2) Not to be used over BS0°F.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
=20 to 100 235 620 825 1235 1850 3085 5145
200 215 560 750 1125 1685 2810 4680
300 210 550 730 10585 1640 2735 4560
400 200 530 705 1060 1585 2645 4405
500 170 500 665 995 1495 2490 4150
600 140 455 610 915 1370 2285 3805
650 125 450 600 895 1345 2245 3740
700 110 450 600 895 1345 2245 3740
750 95 445 E80 885 1325 2210 3685
800 80 370 495 740 1110 1850 3085
850 65 270 355 535 805 1340 2230
900 | 50 170 230 345 515 860 1430
950 35 105 140 205 310 515 860
1000 20 50 70 106 155 260 430

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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APPENDIX E (contd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.5 RATINGS FOR GROUP 1.5 MATERIALS

Nominal
Designation Forgings Castings Plates
C-¥Mo A 182 Gr. F1 (1) A 217 Gr. WC1 {1){2} A 204 Gr. A (1}
A 352 Gr. LC1 (3) A 204 Gr. B {1}
NOTES:

{1} Upon prolonged exposure to temperatures above 875°F, the carbide phase of carbon-molyb-
denum steel may be converted to graphite. Permissible, but not recommended for profonged

use above 875°F.

(2} Use normalized and tempered material only.
{3) Not to be used over 650°F.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 800 900 1500 2500
-20 to 100 265 695 925 1390 2085 3470 5785
200 260 680 905 1350 2035 3395 5660
300 230 655 870 1305 1955 3260 5435
400 200 640 855 1280 1920 3200 5330
500 170 620 830 1245 1865 3105 5180
600 140 605 805 1210 1815 3025 5040
€50 125 590 785 1175 1765 2940 4905
700 110 570 755 1135 1705 2840 4730
750 95 530 710 1085 1595 2660 4430
800 80 510 675 1015 1525 2540 4230
850 65 485 650 975 1460 2435 4060
900 50 450 600 900 1350 2245 3745
950 a5 280 375 560 845 1405 2345
1000 20 165 220 330 495 825 1370

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
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STEAM JET VACUUM SYSTEMS

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.7 RATINGS FOR GROUP 1.7 MATERIALS

Nominal
Designation Forgings Castings Plates
Cc-%Mo A204Gr.C(1)
BCr-YaMo A 182 Gr. F2 {3}
Ni-%4Cr-%:Mo A 217 Gr. WC4 (23
YeNi-%Cr-1Mo A 217 Gr. WC5 {2)
NOTES:

{1) Upon prolonged axposure to temperatures above 875°F, the carbide phase of carbon-molyb-
denum steel may be converted to graphite. Permissible, but not recommended for prolonged
use above B75°F. :

{2) Use normalized and tempered material only.

{3) Not to be used over 1000°F.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 800 900 1500 2500
-20 to 100 290 750 1000 1500 2250 3750 6250
200 260 750 1000 1500 2250 3750 8250
300 230 720 965 1445 2165 3610 6015
400 200 €95 925 1385 2080 3465 5775
500 170 665 885 1330 1995 3325 5540
600 140 605 805 1210 1815 3025 5040
650 125 590 785 1175 1765 2940 4905
700 1¢ 570 755 1135 1705 2840 4730
750 95 530 710 1065 1595 2660 4430
800 80 510 675 1015 1525 2540 4230
850 65 485 650 975 1460 2435 4060
900 50 450 600 900 1350 2245 3745
950 35 31 420 630 945 1575 2630
1000 20 200 270 405 605 1010 1685
1050 P 160 210 315 475 790 1315

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.9 RATINGS FOR GROUP 1.9 MATERIALS

Nominail
Designation Forgings Castings Plates

1Cr-14Mo A 182 Gr. F12 C1. 2 {1)(2}
1% Cr-Y,Mo A 217 Gr, WCB {1)(3)

1YCr-"%Mo | A 1B2Gr. FITCL 2 {1){(2) A387Gr.11Cl.L2(2)

NOTES:

{1} Use normalized and tempered material only,

(2} Permissible, but not recommended for prolonged use above 1100°F.
(3} Not to be used over 1100°F,

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
=2010 100 290 750 1000 1500 2250 3750 6250
200 260 750 1000 1500 2250 3750 6250
300 230 720 965 1445 2165 3610 6015
400 200 695 925 1385 2080 3465 5775
500 170 665 885 1330 1995 3325 5540
600 140 805 805 1210 1815 3025 5040
650 125 590 785 1175 1765 2940 4905
700 110 570 755 1135 1705 2840 4730
750 85 530 710 1065 1585 2660 4430
800 80 510 675 1015 1525 2540 4230
B850 65 485 650 975 1480 2435 4050
900 50 450 600 900 1350 2245 3745
950 35 320 425 640 a55 1595 2655
1000 20 215 290 430 650 1080 1800
1050 . 145 190 290 430 720 1200
1100 . 95 130 190 290 480 800
1150 PN 80 80 125 185 310 515
1200 s 40 50 75 115 190 315

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.

109



STEAM JET VACUUM SYSTEMS

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.10 RATINGS FOR GROUP 1.10 MATERIALS

Nominal
Designstion Forgings Castings Plates

2%Cr-1Mo A 182 Gr. F22 CI. 3 (2} A 217 Gr. WC9 (1)(3) A387Gr.22CL21{2)

NOTES:

{1} Use normalized and tempered material only.

{2) Permissible, but not recommencded for prolonged use above 1100°F,
(3) Not to be used over 1100°F.

WORKING PRESSURES BY CLASSES, psig

Class

Temp., °F 150 300 400 800 900 1500 2500
~20to0 100 290 750 1000 1500 2250 3750 8250
200 260 750 1000 1500 2250 3750 6250
300 230 730 970 1455 2185 3840 6070
400 200 705 940 1410 2115 3530 5880
500 170 665 885 1330 1995 3325 5540
600 140 605 805 1210 1815 3025 5040
6850 125 590 785 1175 1785 2940 4905
700 110 570 755 1135 1705 2840 4730
750 95 530 710 1065 1595 26860 4430
800 80 510 675 1015 1525 2540 4230
850 65 485 650 975 1460 2435 4060
800 50 450 600 800 1350 2245 3745
950 35 375 505 755 1130 1885 3145
1000 20 260 345 520 780 1305 2170
1050 . 175 235 350 525 875 1455
1100 Ca 110 145 220 330 550 915
1150 A 70 90 135 205 345 570
1200 AN 40 55 80 125 205 345

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.13 RATINGS FOR GROUP 1.13 MATERIALS

Nominal
Designation Forgings Castings Plates
5Cr-%Mo A 182 Gr. F§
A 182 Gr, F5a A 217 Gr. C5 (1)
NOTE:
(1} Use normalized and tempered material only.
WORKING PRESSURES BY CLASSES, psig

Class
Temp,, °F 150 300 400 800 900 1500 2500
—20 to 100 290 750 1000 1500 2250 3750 6250
200 260 745 995 1490 2235 3725 6205
300 230 715 955 1430 2150 3580 5965
400 200 705 940 1410 2115 3530 5880
500 170 665 885 1330 1995 3325 5540
600 140 605 BOS 1210 1815 3025 5040
850 125 590 785 1175 1765 2840 4305
700 110 570 755 1135 1705 2840 4730
750 95 530 705 1055 1585 2640 4400
800 80 510 675 1015 1525 2540 4230
850 65 485 645 965 1450 2415 4030
800 50 370 495 740 1110 1850 3085
950 35 275 368 550 825 1370 2285
1000 20 200 265 400 595 995 1655
1050 145 190 290 430 720 1200
1100 100 135 200 300 495 830
1150 60 80 125 185 310 515
1200 35 45 70 105 170 285

Reprinted from ASME B16.5 by permission of The American Society of Mechanical

Engineers. All rights reserved.
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STEAM JET VACUUM SYSTEMS

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.14 RATINGS FOR GROUP 1.14 MATERIALS

Nominal
Designation Forgings Castings Plates
9Cr-1Mo A 182 Gr. F9 A 217 Gr. C12 (1)
NOTE:

{1) Use normalized and tempered material only.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
—20 to 100 290 750 1000 1500 2250 3750 8250
200 280 750 1000 1500 2250 3750 6250
300 230 730 970 1455 2185 3640 6070
400 200 705 940 1410 2115 3530 5880
500 170 665 885 1330 1995 3325 5540
600 140 605 805 1210 1815 3025 5040
650 125 590 785 1175 1765 2940 4905
700 110 570 755 1135 1705 2840 4730
750 95 530 710 1065 1585 26860 4430
BOOD 80 510 675 1015 1525 2540 4230
B850 65 485 650 975 1460 2435 40860
800 50 450 800 800 1350 2245 3745
850 35 375 8505 785 1130 1885 3145
1000 20 255 340 505 760 1270 2115
1050 Ca 170 230 345 815 855 1430
1100 L 115 150 225 340 565 945
1150 Ca 75 100 150 225 375 630
1200 Ve 50 70 105 155 255 430

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-1.15 RATINGS FOR GROUP 1.15 MATERIALS

Nominal
Designation Forgings Castings Plates
9Cr-1Mo-V A 182 Gr. F91 A 217 Gr. C12A A 387 Gr.91CL 2
WORKING PRESSURES BY CLASSES. psig

Class
Temp., °F 150 200 400 600 900 1500 2500
=20 to 100 290 750 1000 1500 2250 3750 6250
200 260 750 1000 1500 2250 3750 6250
300 230 730 970 1455 2185 3640 6070
400 200 705 940 1410 2115 3530 5880
500 170 665 885 1330 1995 3325 5540
600 140 605 805 1210 1815 3025 5040
650 125 530 785 1175 1765 2940 4505
700 110 570 755 1135 1705 2840 4730
750 95 530 710 1065 1595 2660 4430
800 80 510 675 1015 1525 2540 4230
850 65 485 650 97s8 1450 2435 4060
300 50 450 600 900 1350 2245 3745
950 35 385 515 775 1160 1930 3220,
1000 20 365 485 725 1090 1820 3030
1050 360 480 720 1080 1800 3000
1100 300 400 605 908 1510 2515
1150 22% 295 445 670 1115 1855
1200 145 190 290 430 720 1200

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
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STEAM JET VACUUM SYSTEMS

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-2.1 RATINGS FOR GROUP 2.1 MATERIALS

Nomina)
Designation Forgings Castings Pistes
1BCr-8Ni A 182 Gr. F304 (1} A 351 Gr. CF3 (2) A 240 Gr. 304 (1)
A 182 Gr. F304H A 351 Gr. CF8 (1) A 240 Gr. 304H
NOTES:

{1) At temperatures over 1000°F, use only when the carbon content is 0.04% or higher.
{2) Not to be used over BOC°F,

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
=20 to 100 275 720 960 1440 2160 3600 6000
200 230 600 800 1200 1800 3000 5000
300 205 540 720 1080 1620 2700 4500
400 190 495 660 995 1490 2485 4140
500 170 465 620 930 1395 2330 3880
600 140 435 580 875 1310 2185 3840
650 125 430 575 860 1290 2150 3580
700 110 425 565 850 1275 2125 3540
750 95 415 5558 830 1245 2075 3480
800 80 405 540 80s 1210 2015 3380
850 6% 395 530 790 1190 1980 3300
900 50 390 520 780 1165 1845 3240
950 as 380 510 765 1145 1910 3180
1000 20 320 430 640 965 1605 2675
1050 e 310 410 615 925 1545 2570
1100 - 255 345 815 770 1285 2145
1150 - 200 265 400 595 895 1655
1200 ce 155 205 310 465 770 1285
1250 een 115 150 225 340 565 945
1300 . 85 115 170 255 430 715
1350 - 60 80 125 185 310 5156
1400 . 50 &5 90 145 240 400
1450 P a5 45 70 105 170 285
1500 .- 25 35 56 80 135 230

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX E (contd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-2.2 RATINGS FOR GROUP 2.2 MATERIALS

Nominal
Designation

Forgings

Ceastings

Piates

16Cr-12Ni-2Mo

18Cr-13Ni-3Mo

19Cr-10Ni-3Mo

A 182 Gr. F316 {1)

A 182 Gr. F316H

A 351 Gr. CF3M {2
A 351 Gr, CFBM (1)

A 351 Gr, CGBM (3}

A 240 Gr. 316 (1}
A 240 Gr. 316H

A 240 Gr. 317 (1}

NOTES:

{1} At temperatures over 1000°F, use only when the carbon content is 0.04% or higher.
(2} Not to be used over 850°F.
{3) Not to be used over 1000°F,

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 200 1500 2500
=20 to 100 275 720 960 1440 2160 3600 6000
200 235 620 825 1240 1860 3095 5160
300 215 560 745 1120 1680 2795 4660
400 195 515 685 1025 1540 2570 4280
S00 170 480 635 955 1435 2390 3980
600 140 450 600 900 1355 2255 3760
650 125 445 590 890 1330 2220 3700
700 110 430 580 870 1305 2170 3620
750 95 425 570 855 1280 2135 3560
800 80 420 585 845 1265 2110 3520
850 65 420 555 835 1255 2080 3480
800 50 415 555 830 1245 2075 3460
950 35 385 515 775 1160 1930 3220
1000 20 350 465 700 1050 1750 2915
1050 .. 345 450 685 1030 1720 2865
1100 305 408 610 915 1525 2545
1150 235 315 475 710 1185 1970
1200 185 245 370 555 925 1545
1250 145 195 295 440 735 1230
1300 115 155 235 350 585 970
1350 95 130 190 290 480 800
1400 75 100 150 225 380 630
1450 60 80 115 175 290 485
1500 40 85 85 128 205 345

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
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STEAM JET VACUUM SYSTEMS

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-2.3 RATINGS FOR GROUP 2.3 MATERIALS

Nominai :
Designation Forgings Castings Plates
16Cr=12Ni-2Mo A 182 Gr. F316L A 240 Gr. 316L
18Cr-8Ni A 182 Gr. F304L (1} A 240 Gr. 304L (1)

NOTE:
(1) Not to be used over BOO°F,

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
-20t0 100 230 600 80O 1200 1800 3000 5000
200 195 5058 675 1015 1520 2530 4220
300 175 455 605 910 1360 2270 3780
400 160 415 550 825 1240 2065 3440
500 145 380 510 765 1145 1910 3180
600 140 360 480 720 1080 1800 3000
650 125 350 470 700 1050 1750 2920
700 110 345 480 685 1030 1715 2860
750 95 338 450 670 1010 1680 2800
800 80 330 440 660 985 1645 2740
850 65 320 430 645 965 1610 2680

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX E (cont'd)

PIPE FLANGES AND FLANGED FITTINGS

TABLE 2-2.4 RATINGS FOR GROUP 2.4 MATERIALS

Nominal
Designation Forgings Castings Piztes
18Cr-10Ni-Ti A 182 Gr, F321 {2 A 240 Gr. 321 (2}
A 182 Gr. F321H (1) A 240 Gr. 321H (1}
NOTES:

{1} Attemperatures over 1000°F, use only if the material is heat treated by heating to a minimum
tempersture of 2000°F.
(2) Not to be used over 1000°F.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
-20 to 100 275 720 960 1440 2180 3600 6000
200 245 645 860 1290 1935 3230 5380
300 230 595 795 1190 1785 2975 4960
400 200 550 73% 1105 1655 2760 4600
500 170 518 685 1030 1545 2570 4285
600 140 485 650 975 1460 2435 4060
650 125 480 635 955 1435 2390 3980
700 110 465 620 930 1395 2330 3880
750 95 460 610 915 1375 2290 3820
800 80 450 600 900 1355 2255 3760
850 65 445 595 895 1340 2230 3720
900 50 440 590 885 1325 2210 3680
950 35 385 515 775 1160 1930 3220
1000 20 355 475 715 1070 1785 2970
1050 e 315 415 625 940 1565 2605
1100 . 270 350 545 815 1360 2265
1150 . 235 315 475 710 1185 1970
1200 cen 185 245 370 565 925 1545
1250 . 140 185 280 420 705 1170
1300 - 110 145 220 330 550 918
1350 - B85 115 170 285 430 715
1400 v 65 85 130 195 325 545
1450 ‘e 50 70 106 158 255 430
1500 cen 40 50 75 116 190 315

Reprinted from ASME B16.5 by permission of The American Society of Mechanical
Engineers. All rights reserved.

For a complete list of pressure-temperature ratings for flanges not listed, refer to ASME
B16.5a.
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STEAM JET VACUUM SYSTEMS

APPENDIX F
EQUIVALENTS OF PRESSURE
in. ft. in. mm
Atmos- water water mercury | mercury
Pressure Ibfin.2 Bar pheres kg/cm? KPa {88 F) {68 F) (32 F) (32 F)
Ib/in? 1 0.068947 | 0.068046 | 0.070307 6.89476 | 27.707 2.3039 2.03601 | 51.7148
Bar 14.5037 1 0.98692 1.0192 100 402.156 33.513 295300 |750.062
Atmospheres [14.636 1.01325 1 1.0332 101.325 407.17 33.931 29.621 760.
kg/cm? 14.2234 0.980675 096784 1 98.0669 394.08 32.840 28.959 735.559
KPa 0.145038 0.010 0.009869 0.010197 1 4.02156 0.33513 0.295300 7.5006
in. water 0.036092 | 0.002466 | 0.002456 | 0.00253 0.248846 1 0.08333 0.073483 | 1.8665
ft. water 0.433103 | 0.029839 | 0.029471 | 0.03045 2.98639 | 12. 1 0.88180 | 22.3980
in. mercury 0.491157 0.033864 0.033421 0.03453 3.38641 13.608 1.1340 1 25.400056
mm mercury | 0.0193368 | 0.00133 0.0013158 | 0.0013595 0.133323 | 0.535764 | 0.044647 0.03937 1
1000 mmHg = 1Micron (p)
1000 N/m_? = 1KPa
Sample Problem: Salution:
How many inches of mercury are equivalent to 10 1 inch of water is equal to 0.073483 inch mercury.
inches of water? Then, 10 x 0.073483 = 0.73483 inch mercury.
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n
APPENDIX G u
ALTITUDE PRESSURE TABLE
Feet Temp Pressure Feet Temp Pressure .
Altitude F In. Hg. Altitude F In. Hg.
0 59.00 29.92 55,000 69.7 2712 .
50 60,000 -69.7 2.135 .
100 58.64 29.81 65,000 -69.7 1.682
200 58.28 29.71 70,000 -67.42 1.325 .
300 57.93 29.60 75,000 -64.7 1.046 .
400 57.57 29.49 80,000 -61.98 8.273-1 .
500 57.21 29.38 85,000 -59.26 6.553-1
600 56.86 29.28 90,000 -56.53 5.200-1 .
700 56.50 29.17 95,000 -53.82 4.133-1 .
800 56.15 29.07 100,000 -51.10 3.290-1 .
900 55.79 28.96 110,000 -41.29 2.098-1
1,000 55.43 28.86 120,000 -26.09 1.358-1 .
1,500 53.65 28.33 130,000 -10.91 8.921-2 .
2,000 51.87 27.82 140,000 4.253 5.947-2
2,500 50.09 27.32 150,000 19.40 4.018-2 .
3,000 48.30 26.82 160,000 27.50 2.746-2 -
3,500 46.52 26.33 170,000 27.50 1.880-2 .
4,000 44,74 25.84 180,000 18.88 1.2843-2
4,600 42.96 25.37 190,000 8.099 8.7026-3 .
5,000 41.17 24.90 200,000 -2.671 5.8457-3 [ ]
7,600 32.26 22.66 210,000 -21.96 3.8790-3 .
10,000 23.36 20.58 220,000 -43.46 2.5229-3
15,000 5.55 16.89 230,000 -64.94 1.6046-3 .
20,000 -12.26 13.76 240,000 -86.40 9.9546-4 .
25,000 -30.05 11.12 250,000 -107.84 6.0065-4 .
30,000 -47.83 8.903 260,000 -129.26 3.5127-4
35,000 -65.61 7.060 270,000 -134.50 2.0046-4 .
40,000 -69.70 5.558 280,000 -134.50 1.1433-4 .
45,000 -69.70 4.375 290,000 -134.50 6.5244-5 .
50,000 -69.70 3.444 300,000 -126.77 3.7368-5
Note: A number (preceded by a plus or minus sign) following the entry in each block indicates the power of ten by which .
that entry should be multiplied.
Source of Data: NASA, U.S. Standard Atmosphere, 1962 .
.
.
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STEAM JET VACUUM SYSTEMS

APPENDIX H
ABSOLUTE PRESSURE AND VOLUME RELATIONS FOR DRY AIR
FLOW RATE OF
ABSOLUTE PRESSURE 1LB PER
VACUUM HOUR DRY AIR
Microns MM Inches Inches SP VOL Liters/
Hg Hg Hg Psi KG/CM: Hg* cu ft per Ib CFM Second
1 41 L 1 e 9,933,000 165,530 78,280
2 L e e 4,966,000 82,765 39,044
3 003 1 ..o | o 3,312,000 55,176 26,052
4 o004 o o 2,483,000 41,363 19,532
5 B L1 5 T L 2 1,986,000 33,104 15,621
6 08 | ... | . 1,656,000 27,588 13,031
7 L0 [ T O 1,419,000 23,647 11,161
8 KA T e e 1,242,000 20,691 9,766
9 BT I T T 1,104,000 18,402 8,681
10 1 03 0 L e T 993,300 16,553 7,828.0
20 JL 1 [ e 496,600 8,276 3,904.4
30 o0 | ..o o s 331,200 5,520 2.605.2
40 o0 | ... | .. 248,300 4,136 1,953.2
50 JL 1 [ O e 198,600 3,310 1,662.6
60 1 {0 T e A 165,600 2,760 1,303.1
70 LU e T e 141,900 2,365 1,116.1
80 170 e e e 124,200 2,069 976.6
90 B S I O 110,400 1,840 868.1
100 100 0039 Lo oo o 99,330 1,665.3 7828
200 200 L e o N 49,660 827.6 390.4
300 300 ouns o ... | .. 33,120 562.0 260.5
400 400 N N 24,830 413.6 195.3
500 500 0197 oo oo o 19,860 331.0 156.2
600 600 0236 | ..o Loaas ) e 16,560 276.0 130.3
700 700 02w | Lo | s ) 14,190 236.5 111.61
800 .800 031 | L. | e 12,420 206.9 97.66
900 800 034 1 ..o oo Ll 11,040 184.0 86.81
1000 1.00 0394 0193 00136 29.96 9,933 165.53 78.28
2.00 0787 0387 00272 29,92 4,966 82.76 39.04
2.54 .100 0491 00345 29.90 3,912 65.20 30.77
3.00 1181 0580 00408 29.88 3,312 55.20 26.05
4.00 158 0774 00544 29.84 2,482 41.36 19.53
5.00 197 0867 00680 29.80 1,986 33.10 15.62
5.08 200 0982 00691 29.80 1,956 32.60 15.39
6.00 .236 1160 00815 29.76 1,656 27.60 13.03
7.00 276 1354 00951 29.72 1,419 23.65 11.16
7.62 300 1474 01036 29.70 1,304 21.733 10.26
8.00 315 1547 01088 29.68 1,242 20.69 9.97
9.00 .354 1741 01224 29.65 1,104 18.40 8.68
10.00 394 1934 01359 29,61 993.3 16.55 7.83
10.16 400 1965 01381 29.60 977.5 16.29 7.69
11.00 433 2127 01496 29.57 903.0 15.05 7.10
12.00 472 2321 01632 29.53 827.9 13.79 6.51
12.70 500 .2456 01727 29.50 782.1 13.03 6.156
13.00 012 2514 01768 29.49 764.10 12.73 6.01
14.00 561 2708 01903 29.45 709.6 11.82 5.58
15.00 591 2900 02039 2941 662.3 11.04 5.21
15.24 .600 2947 02071 29.40 651.8 10.86 5.13
16.00 630 3094 02176 29.37 621.6 10.36 4.885
17.00 670 3288 0231 29.33 583.8 9.73 4.597
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX H (cont'd)
ABSOLUTE PRESSURE AND VOLUME RELATIONS FOR DRY AIR
FLOW RATE OF
ABSOLUTE PRESSURE 1LB PER
VACUUM HOUR DRY AIR
Microns MM Inches Inches SP VOL Liters/
Hg Hg Hg Psi KG/CMz Hg* cu ft per Ib CFM Second
17.78 700 .34386 0242 29.30 558.7 9.31 4.394
18.00 .T09 .3481 0245 29.29 561.8 9.20 4.342
19.00 748 3675 .0258 29.25 522.66 8.72 4.111
20.00 187 .3868 0272 29.21 496.6 8.28 3.904
20.32 800 .393 0276 29.20 488.7 8.15 3.846
21.00 827 406 .0285 29.17 473.1 7.89 3.724
22.00 .B66 425 0299 29.13 451.9 7.63 3.554
22 86 800 442 0311 29.10 434.6 7.24 3.417
23.00 906 445 0313 29,09 431.6 7.19 3.393
24.00 945 464 .0326 29.05 414.0 6.90 3.257
25.00 .984 484 .0340 29.02 396.85 6.61 3.120
25.40 1.00 491 .0345 29.00 391.19 6.52 3.077
25.86 1.018 500 0352 28.98 384.15 6.40 3.021
26.00 1.024 503 0353 28.97 381.86 6.36 3.002
27.00 1.063 522 0367 28.94 367.96 6.13 2.893
27.94 1.10 540 03797 28.90 355.70 5.93 2.799
28.00 1.102 542 .0380 28.90 354.38 591 2.789
29.00 1.142 .h61 .0394 28.86 342.38 5.71 2.695
30.00 1.181 580 0408 28.82 331.17 5.520 2.605
30.58 1.20 A9 0416 28,80 325.00 5.417 2.558
3312 1.30 B4l .0450 28,70 299.65 4.994 2.357
35.00 1.38 677 0476 28.62 283.72 4.792 2.232
35.66 1.40 690 .0485 28.60 278.37 4.640 2,190
38.20 1.50 739 0519 28.50 26991 4.332 2.045
40.00 1.57 T74 0544 28.43 248.16 4.136 1.953
40.74 1.60 .788 .0554 28.40 243.75 4.063 1.916
43.28 1.70 837 0588 28.30 229.48 3.825 1.803
45.00 1.77 870 0612 28.23 220.78 3.680 1.737
45.82 1.80 .886 0623 28.20 216.79 3.613 1.705
48.36 1.890 935 0657 28.10 205.43 3.424 1.614
50.00 1.97 967 L0680 28.03 198.63 3.310 1.562
50.80 2.00 982 0690 28.00 195.59 3.260 1.539
51.72 2.04 1.000 0703 27.96 192.08 3.201 1.511
53.34 2.10 1.032 07256 27.90 186.12 3.102 1.463
55.88 2.20 1.081 0760 27.80 177.68 2.961 1.397
58.42 2.30 1.130 0794 27.70 169.98 2.833 1.336
60.00 2.36 1.160 0815 27.64 165.58 2,760 1.303
60.96 240 1.179 .0828 27.60 162.91 2,715 1.284
63.50 2.50 1.228 0863 27.50 156.41 2.607 1.230
66.04 2.60 1.277 0898 27.40 150.41 2.507 1.185
68.58 2.70 1.326 0932 27.30 144.85 2.414 1.137
70.00 2.76 1.354 0951 27.26 141.90 2.365 1.116
71.12 2.80 1.375 0967 27.20 139.70 2.328 1.099
73.66 2.90 1.425 1001 27.10 134.79 2.247 1.060
76.20 3.00 1474 .1036 27.00 130.31 2172 1.025
77.57 3.06 1.500 1054 26.94 128.05 2134 1.007
80.00 3.16 1.547 1087 26.85 124.16 2.069 977
81.28 3.20 1.572 1105 26.80 122,19 2,037 961
B86.36 3.40 1.670 1174 26.60 115.02 1.917 905
90.00 3.54 1.741 1223 26.46 110.39 1.840 .868
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STEAM JET YACUUM SYSTEMS

APPENDIX H (cont'd)
ABSOLUTE PRESSURE AND VOLUME RELATIONS FOR DRY AIR
FLOW RATE OF
ABSOLUTE PRESSURE 1LB PER
VACUUM HOUR DRY AIR
Microns MM Inches Inches SP VOL Liters/
Hg Hg Hg Psi KG/CM:? Hg* cu ft per lb CFM Second
91.44 3.60 1.768 1243 26.40 108.64 1.811 855
96.52 3.80 1.867 1312 26.20 102.88 1.715 809
100.00 3.94 1.934 .1359 26.06 99.33 1.655 783
101.60 4.00 1.965 1381 26.00 97.75 1.629 769
103.43 4.07 2.000 1406 2593 96.04 1.601 756
110.00 433 2.13 1496 25.67 90.30 1.505 710
114.30 4.50 2.21 1654 25.50 86.91 1,449 684
120.00 4,72 2.32 1632 25.28 82.78 1.379 651
127.00 5.00 2.46 1726 25.00 78.08 1.301 614
129.29 5.09 2,500 1757 24,91 76.83 1.281 605
130.00 5.12 2.51 1768 24.88 76.41 1.273 601
139.7 5.50 2.70 .1899 24.50 71.14 1.186 560
140.00 5.51 2.71 .1803 24.49 70.96 1.182 558
150.00 5.91 2.90 2039 24.09 66.23 1.104 521
152.4 6.00 2.95 2072 24.00 65.11 1.085 512
155.16 6.11 3.000 2109 23.89 64.02 1.067 504
160.00 6.30 3.09 217 23.70 62.16 1.036 489
165.1 6.50 3.19 224 23.50 60.21 1.004 474
170.0 6.69 3.29 25 23.31 58.38 973 460
177.8 7.00 3.44 242 23.00 55.84 831 439
180.0 7.09 3.48 245 22.91 55.18 920 434
181.0 7.13 3.50 .246 22.87 54.88 815 432
190.0 7.48 3.67 .258 22.52 52.27 872 411
190.5 7.80 3.68 259 22.50 52.19 870 411
200.0 7.87 3.87 272 22.13 49.66 828 .3904
203.2 8.00 3.93 276 22.00 48.87 815 3846
206.9 8.15 4.00 281 21.85 48.02 .800 3776
210.0 8.27 4,06 285 21.73 47,31 789 3724
2159 8.50 4.18 .294 21.50 4595 766 .3615
220.0 8.66 4.25 299 21.34 45.19 753 .3554
228.6 9.00 4.42 3811 21.00 43.46 724 3417
230.0 9.06 4.45 313 20.94 43.16 719 .3393
232.7 9.16 450 316 20.84 42.68 711 .3356
240.0 9.45 4,64 326 20.55 41.40 690 3257
241.3 9.50 4.67 .328 20.50 41.13 686 3238
250.0 9.84 4.84 .340 20.16 39.68 .661 .3120
25040 10.00 491 345 20.00 39.12 652 3077
258.6 10.18 5.00 352 19.82 38.42 640 3021
275.0 10.83 5.32 374 19.17 36.10 602 .2841
279.4 11.00 5.40 .380 19.00 35.57 .593 2799
300.0 11.81 5.80 .408 18.19 33.12 .552 .2605
304.8 12.00 5.89 414 18.00 32.61 544 2567
310.3 12.22 6.00 .422 17.78 32.01 534 .2520
325.0 12.80 6.29 442 17.20 30.54 509 .2402
330.2 13.00 6.39 .449 17.00 30.06 501 2365
350.0 13.78 6.77 476 16.22 28.37 473 2232
3556.6 14.00 6.88 483 16.00 27.92 465 .2195
362.0 14.25 7.00 .492 15.75 27.44 457 2157
375.0 14.76 7.25 510 15.24 26.49 442 2086
381.0 15.00 7.37 518 15.00 26.06 434 2048
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC. .
APPENDIX H (cont'd) s
ABSOLUTE PRESSURE AND VOLUME RELATIONS FOR DRY AIR
FLOW RATE OF B
ABSOLUTE PRESSURE 1 LB PER
VACUUM HOUR DRY AIR
Microns MM Inches Inches SP VOL Liters/ .
Hg Hg Hg Psi KG/CM:= Hg* cu ft per b CFM Second .
400.0 15.75 7.74 544 14.25 24.82 .413 .1953
406.4 16.00 7.86 553 14.00 24.44 4073 1922 -
413.7 16.29 8.00 562 13.71 24.01 .4002 1889
425.0 16.73 8.22 678 13.27 23.37 3895 1838
431.8 17.00 8.35 587 13.00 23.00 3833 1809 .
450.0 17.72 8.70 612 12.28 22.08 .3680 1737 .
457.2 18.00 8.84 621 12.00 21.73 3622 1709
465.4 18.32 9.00 633 11.68 21.34 35567 1679
475.0 18.70 9.19 646 11.30 20.90 3483 1644 B
482.6 19.00 9.33 .656 11.00 20.59 3432 .1620
500.0 19.68 9.67 .680 10.32 19.86 3310 .1562 -
508.0 20.00 9.82 691 10.00 19.56 .3260 1539
517.2 20.36 10.00 .703 9.64 19.21 3202 1511 .
525.0 20.67 10.15 714 9.33 18.92 3153 .1488
533.4 21.00 10.32 725 9.00 18.61 3102 .1464 .
550.0 21.65 10.64 .748 8.35 18.05 .3008 1420
558.8 22.00 10.81 .760 8.00 17.77 .2962 1398 .
568.9 22 40 11.00 773 7.60 17.46 .2910 1373
575.0 22.64 11.12 .782 7.36 17.27 2878 .1358 .
H84.2 23.00 11.30 794 7.00 17.00 .2833 1337
600.0 23.62 11.60 .B15 6.38 16.56 2760 .1303 .
609.6 24.00 11.79 .829 6.00 16.29 2715 1281
620.6 24.43 12.00 .B44 5.57 16.01 2668 1259
6250 24.61 12.09 .850 5.39 15.89 .2648 1250 .
635.0 25.00 12.28 .863 5.00 15.64 2607 1230
650.0 25.59 12.57 .884 441 15.28 2547 1202 .
660.4 26.00 12.77 898 4.00 15.04 2507 1183
6723 26.47 13.00 914 3.53 14.77 .2462 1162 .
675.0 26.57 13.05 817 3.43 14.72 .2453 1158
685.8 27.00 13.26 932 3.00 14.48 .2413 1139 .
700.0 27.56 13.54 8951 2.44 14.19 2365 1116
711.2 28.00 13.75 967 2.00 13.97 .2328 .1089 .
724.0 28.50 14.00 984 1.50 13.72 2287 1079
725.0 28.54 14,02 986 1.46 13.70 2283 1077 .
736.6 29.00 14.25 1.001 1.00 13.48 2247 1060
750.0 29.53 14.50 1.020 47 13.25 2208 1042 -
760.0 29.92 14 696 1.0332 .08 13.07 2178 1028
762.0 30.00 14.74 1.036 e 13.03 2172 1025 .
Tables for Air Based on Standard Atmosphere. From NACA Report No. 218 and No. 538, Sea Level Conditions: 29.921
inches of mercury, 59°F., 07651 Ib per cu ft, 14.696 psig. 1 lb per hr dry air equals .217836 CFM; 1 Ib per hr dry air equals .
.10281 liters per second. Expanded volumes proportional to the reciprocal of the absolute pressure (Based on perfect gas).
*Referred to 30 inch Barometer. .
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STEAM JET VACUUM SYSTEMS

APPENDIX |
PROPERTIES OF SATURATED WATER VAPOR
ABSOLUTE PRESSURE ABSOLUTE PRESSURE
Temp MM Inches Sp Vol Temp ' MM Inches Sp Vol
F Hg Hg Psix 10° [ cu ft perlb F Hg Hg Psix 10° [ cu ft perlb
- 102 00100 .01929 11,040,000 - 87 03160 6112 392,500
-101 00109 021903 10,160,000 - 56 03383 6543 367,500
- 100 .00118 02281 9,352,000 - 55 103622 B J7001 344,300
-99 00129 02494 8,613,000 - 54 .03874 .00152 7489 322,600
-98 .00140 02715 7,936,000 -53 .04140 00163 .8009 302,400
-97 200153 02954 7,314,000 -52 04428 00174 8562 283,600
-96 .00166 03212 6,745,000 - 51 04732 .00186 9151 266,000
- 95 00181 .03491 6,223,000 - 50 05055 00199 9776 249,600
-94 00196 .03793 5,743,000 -49 .05398 00213 1.044 234,300
-93 00213 04118 5,303,000 -48 .05766 00227 1.115 220,000
-92 .00231 .04470 4,899,000 - 47 06152 00242 1.190 206,600
-91 00251 04850 4,528,000 - 46 .06566 00258 1.270 194,100
-90 00272 .05260 4,186,000 - 45 07003 00276 1.354 182,400
-89 00295 .05702 3,872,000 - 44 07468 00294 1.444 171,500
- 88 00320 .06179 3,683,000 -43 .07959 00313 1.539 161,200
- 87 00346 .06692 3,317,000 -42 08484 00334 1.641 151,600
- 86 00375 07245 3,072,000 -41 09040 00356 1.748 142,700
- 85 00405 .07841 2,846,000 -40 09627 00379 1.861 134,300
- 84 00439 .08482 2,638,000 -39 1025 .00404 1.982 126,400
-83 00474 .09171 2,446,000 - 38 1091 .00429 2.110 119,100
- 82 00513 .09913 2,270,000 - 37 1161 00457 2.245 112,200
- 81 00554 1071 2,106,000 - 36 1235 .00486 2.388 105,700
- 80 00598 1157 1,955,000 -35 1314 00517 2.540 99,610
-979 00646 1249 1,816,000 -34 1396 .00550 2.700 93,910
-8 00697 1347 1,687,000 - 33 .1484 .00584 2.87¢ 88,570
- 77 00752 14563 1,568,000 -32 15677 .00621 3.049 83,550
- 76 .00811 1567 1,458,000 -31 1675 .00659 3.239 78,830
-5 00874 .1689 1,356,000 - 30 1779 00700 3.440 74,410
- 74 00941 1820 1,262,000 - 29 .1889 200743 3.652 70,250
-73 01014 1960 1,175,000 -28 .2005 00789 3.876 66,340
-T2 01091 2110 1,094,000 - 27 2127 .00837 4.113 62,670
-71 01174 2271 1,020,000 - 26 2256 00888 1.363 59,210
-70 01263 .2443 950,000 -25 .2393 .00942 4.627 55,960
- 69 01355 2627 885,800 -24 .2537 200999 4.905 52,900
-68 .01461 .2824 826,100 -23 .2689 .01059 5.199 50,030
- 67 .0157¢ .3035 770,700 -22 .2849 01122 5.509 47,320
- 66 01686 3260 719,300 -21 3018 01188 5.836 44,770
- 65 .01811 .3501 671,500 - 20 3198 01259 6.181 42,370
- 64 01944 3758 627,200 - 19 3386 101333 6.545 40,110
- 63 .02086 .4033 585,900 -18 .3581 01410 6.928 37,970
- 62 02237 4326 547,600 - 17 3792 01493 7.332 35,960
-61 .02399 .4639 512,000 -16 4011 01579 7.757 34,070
- 60 02571 4972 478,800 - 15 4242 .01670 8.204 32,280
- 59 02756 5328 447,900 - 14 4487 01766 8.676 30,600
- 58 .02952 .5708 419,200 -13 4742 .01867 9.172 29,010
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX | (cont'd)
PROPERTIES OF SATURATED WATER VAPOR
ABSOLUTE PRESSURE ABSOLUTE PRESSURE
Temp MM Inches Sp Vol Temp MM Inches Sp Vol
F Hg Hg Psix 10?7 | cuftperlb F Hg Hg Psi cu ft per lb
-12 .6014 01974 9.694 27,600 33 4,769 1878 09223 3,180
-11 5298 02086 10.24 26,090 34 4.965 1955 {09600 3,062
-10 .5596 02203 10.82 24,750 35 5.166 2034 09991 2,948
-9 .5911 0233 11.43 23,490 a8 5.337 2117 1040 2,839
-8 6241 0246 12.07 22,290 37 5.593 2202 1081 2,734
-7 6588 0259 12,74 21,160 38 5.B17 2290 1125 2,634
-6 6952 0274 13.44 20,100 39 6.062 2382 1170 2,538
-5 7336 .0289 14.19 15,090 40 6.292 2477 1216 2,445
-4 7739 .0305 14.96 18,140 41 6.541 2575 1265 2,357
-3 8161 .0321 15.78 17,230 42 6.797 2676 1314 2272
-2 .8606 0339 16.64 16,380 43 7.064 .2781 .1366 2,190
-1 8073 0357 17.54 15,570 44 7.341 .2890 1419 2,112
0 9561 0376 18.49 14,810 45 7.652 .3002 1475 2,037
1 1.0074 0397 19.48 14,080 46 7.920 3118 1532 1,965
2 1.061. L0418 20.52 13,400 47 8.227 3239 1591 1,896
3 1.118 0440 21.61 12,750 48 8.542 .3363 1652 1,829
4 1177 .0463 22.76 12,140 49 8.867 .3491 1715 1,766
5 1.239 {0488 23.96 11,550 50 9.205 .3624 1780 1,704
6 1.304 0513 2521 11,000 51 9.553 3761 1847 1,645
7 1.372 0540 26.53 10,480 52 9.914 .3903 1917 1,589
8 1.443 0568 2791 9,979 53 10.284 .4049 1989 1,534
9 1.518 0598 29.36 9,507 54 10.67 4200 2063 1,482
10 1.597 0629 30.87 9,060 55 11.06 4356 2140 1,431
11 1.678 0661 32.46 8,636 56 11.48 4518 2219 1,383
12 1.764 0695 34.12 8,234 57 11.90 4684 2301 1,336
13 1.854 .0730 35.85 7,851 58 12.33 4856 2385 1,292
14 1.948 0767 37.67 7,489 59 12.78 5033 2472 1,249
15 2.046 .0806 39.57 7,144 60 13.25 5216 2562 1,207
16 2.149 0846 41.56 6,817 61 13.73 5405 2654 1,167
17 2.256 .0888 43.63 6,505 62 14.22 .5599 2750 1,129
18 2.369 0933 45.81 6,210 63 14.73 5800 .2849 1,092
19 2.486 0979 48.08 5,929 64 15.26 6007 2950 1,056
20 2.609 1027 50.45 5,662 65 15.80 6221 3055 1,022
21 2,738 1078 52,93 5,408 66 16.36 6441 3164 988.6
22 2.870 1130 55.52 5,166 67 16.94 .6668 3275 956.8
23 3.012 1186 58.23 4,936 68 17.63 6902 .3390 926.1
24 3.157 1243 61.05 4,717 69 18.14 7143 .3508 896.5
25 3.310 .1303 64.00 4,509 70 18.78 7392 3630 §68.0
26 3.469 .1366 67.08 4,311 71 19.43 71648 .3756 840.5
27 3.635 1431 70.30 4,122 72 20.09 7911 .3886 814.0
28 3.810 1500 73.65 3,943 73 20.78 .8183 .4019 788.4
29 3.990 1571 T7.15 3,771 T4 21.50 .8463 4156 763.7
30 4,178 .1645 §80.80 3,608 75 22.23 8751 4298 740.0
31 4.376 1723 84.61 3,453 76 2298 9047 .4443 717.0
32 4.581 1804 88.69 3,305 77 23.75 9352 4593 694.9
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STEAM JET VACUUM SYSTEMS

APPENDIX | (cont'd)
PROPERTIES OF SATURATED WATER VAPOR
ABSOLUTE PRESSURE ABSOLUTE PRESSURE
Temp MM Inches Sp Vol Temp MM Inches Sp Vel
F Hg Hg Psi cu ft per Ib F Hg Hg Psi cu ft per 1b
78 24.55 9667 4748 673.5 113 71.91 2.831 1.39¢ 2446
79 25.38 9990 4907 652.9 114 73.97 2.912 1.430 238.1
80 26.21 1.032 5070 633.0 115 76.10 2.996 1.472 231.8
81 27.08 1.066 .5238 613.8 116 78.28 3.082 1.514 225.9
82 28.00 1.102 5411 5956.3 117 80.52 3.170 1.5567 2198
83 28.91 1.138 .5589 5774 118 82.83 3.261 1.601 214.1
84 29.85 1.175 5772 560.1 119 85.17 3.3563 1.647 208.6
85 30.84 1.214 5960 543.3 120 87.58 3.448 1.693 203.2
86 31.83 1.253 6154 527.2 121 90.04 3.545 1.741 197.9
87 32.84 1.293 6353 511.6 122 92.56 3.644 1.790 192.9
88 33.9 1.335 6557 496.5 123 95.17 3.745 1.840 187.9
89 35.00 1.378 6768 482.0 124 97.79 3.850 1.891 183.2
90 36.12 1.422 6984 467.9 125 100.7 3.956 1.943 178.5
91 37.26 1.467 7206 454.3 126 103.3 4.065 1.997 174.0
92 38.46 1.514 7434 441.1 127 106.1 4.177 2.051 169.6
93 39.65 1.561 7668 428.4 128 109.0 4.291 2.107 165.4
94 40.89 1.610 7909 416.1 129 112.0 4.408 2.165 161.3
95 42.19 1.661 .B156 404.2 130 115.0 4,527 2.224 1573
96 43.49 1.712 .8410 392.7 135 1313 5.168 2.538 138.9
97 44,83 1.765 8671 3815 140 149.5 5.884 2.890 123.0
98 46.23 1.820 .8939 370.7 145 169.8 6.683 3.282 109.1
99 47.65 1.876 9214 360.3 150 192.4 7.573 3.719 97.04
100 49.10 1.933 9496 350.2 1556 217.5 8.561 4.205 86.50
101 50.60 1.992 9785 340.4 160 245.3 9.656 4.742 1727
102 52.15 2.053 1.008 331.¢ 165 276.1 10.87 5.337 69.17
103 53.72 2.115 1.039 3218 170 309.9 12.20 5.994 62.04
104 55.35 2.179 1.070 312.9 175 347.5 13.68 6.717 55.77
105 57.00 2.244 1.102 304.4 180 388.4 15.29 7.512 50.22
106 58.70 2311 1.135 296.0 185 433.6 17.07 8.384 45.31
107 60.45 2.380 1.169 288.0 190 483.1 19.02 9.340 40.96
108 62.23 2.450 1.203 280.2 195 537.0 21.14 10.39 37.09
109 64.08 2.523 1.239 272.6 200 596.1 23.47 11.53 33.64
110 65.96 2.597 1.275 265.3 206 660.4 26.00 12.77 30.57
111 67.89 2.673 1.313 258.2 210 730.3 28.75 14.12 27.82
112 69.88 2.751 1.351 251.3 212 759.99 29.92 14.690 26.80

Taken from - Handbook of American Society Heating & Ventilating Engineers, 1951 Edition, Table 3, page 43.
Compiled by J. Goff and S. Gratch
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STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX J
STEAM JET VACUUM SYSTEM USER SPECIFICATION FORM
Company Date
Address
Name Title Tel.
Ing. No. Project Ref.
SUCTION CONDITIONS

Mass Flow and Properties of Each Component (100% Flow)

Flow Vap. Pres./Temp. Pairs Lat. Ht. Vap. Cp/Liq. Cp
No. Name (#/hy) M.W. (mm HgA & °F) (BTU/#) (BTU/#/°F)
1. Air 29 — Gas
2.
3.
4,
Miscibility of condensibles in water (%)
Suction Pres. (mm or in. HgA)
Suction Temp. (°F}
Evacuation: Initial Pres. (mm or in. HgA) Initial Temp. (°F)
Volume to be evacuated (cu fi) Final Pres. (mm or in. HgA)
Time for Evacuation (mins.) Air-in Leakage (#/hr)
DISCHARGE CONDITIONS
Max Vent Pres. (in. HgA)
Max Allowable Vent Temp. (°F)
Normal Barometric Pres. (in. HgA)
UTILITY CONDITIONS
Steam
Min Maintainable Supply Pres. (psig) Total Temp. (°F)
Max Supply Pres. (psig) Total Temp. (°F}
Cooling Water
Max Supply Temp. (°F) Max A T Allowed (°F)
Supply Pres. (psig) Max A P Allowed (psi)
Min/Max Flow Available (gpm)
CONSTRUCTION {Materials unless otherwise noted.)
Ejectors: Nozzle(s) Steam Chest
Diffuser Suction Chamber
Steam Chest Design Pres. (psig) Temp. °F)
Body Design Pres. (paig) Temp. (°F)
Condensers: [0 Shell & Tube, or, O Barometric (Direct Contact)
Shell Internals Channel(s)
Tube Sheet(s) Tubes
TEMA oc OB or OR TEMA Type
ASME Code Construction 1 Yes {J No Stamp O Yes J No
Design Pres/Temp (psig/°F) Shell Side / Tube Side /
Fouling Factors  Shell Side Tube Side
Condensing in [0 Shell or (0 Tubes, {J Horizontal or O Vertical

ACCESORIES AND OTHER REQUIREMENTS

NOTE: See Section 3.0 for assistance in specifying steam jet vacuum systems,
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APPENDIX K

HEAT EXCHANGE INSTITUTE
Ejector Test Report — Field Test Form

CUSTOMER F.0. NUMBER MANUFACTURER
EQUIPMENT DESCRIPTION SERIAL NUMBER TEST NUMBER:
LOAD UTILITIES AMBIENT DATA
T0°F Air Equivalent #/Hr Steam Pressure PSIG Barometric Pressure _._._ - In. HgA
70°F Water Vapor Equiv. #/Hr Steam Temp. —°F Ambient Temp. °F.
WaterTemp. —_________ °F
Design Suction Temperature °F ater femp
Design Suction Pressure mm or Inches HgA
Ejector Suction Pressure Ejector Discharge Pressure Water Flow Temperatures Out of
Air Load Steam Load mm or Inches HgA mm or Inches HgA GPM Intercondensers — °F
Orifice Orifice PSIG “F Corr Water Vent

Dia. |#/Hr| Dia. | Upstream |#/Hr{Downstream | Load | 1st | 2nd | 3rd | 4th | 5th | 1st | 2nd | 3rd | 4th | 5th | 1st[C. | 2ndL.C. st 2nd 1st | 2nd

2148
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CERTIFIED BY:  Signature ' Title Date



STANDARDS OF THE HEAT EXCHANGE INSTITUTE, INC.

APPENDIX L
FLOW OF WATER THROUGH SCHEDULE 40 STEEL PIPE

Discharge Pressure Drop per 100 feet and Velocity in Schedule 40 Pipe for Water at 80°F
Gallons| CubieFt | Velocity "ﬁ Drop| l\?r'eh:«.'lt:r Prﬁ Drup| :_’eh:ci:y Prl:;. Drop| I"{tlxi‘y P‘E: Drop| ;’clnc[ly Pﬁ Drop ]\:alncily hﬁ Drop| ;’nlnchy Prl?: Drop; ]\:elocity sz Drop
R 0 e e ol e il e B o S il et Sl ol o S o il o SN il o Sl N g
va" /4" 3/8" 1/2"
.2 | 0.000446] 1.13 1.86 | 0616  0.359
3| 0.000668 169 422 [ 0824 0903 | 0504 0158 | 0317  (.061 374"
4 | o.ooosel| 2.26 6.98 1.23 161 | 0872 0345 | 0422 0086
5| 000111 | 282 10.5 1.54 239 | 0840 0539 | 0528 0.167 | 0.301 0033
6| 000134 | 339 14.7 1.85 3.29 101 0751 | 0633 0240 { 0361 0041
8| 0.00178 | 452 25.0 2.46 5.44 1.34 1.25 | 0844 0408 | 0481 0.102 1" 1vy"
1| 000223 | 6.65 372 3.08 8.28 1.68 1.85 106 0600 | 0602 0.155 | 0.871  0.048 1¥%"
2| 0.00446 | 11.29 1344 | 6.18 30.1 3.36 658 | 2.1 2.10 120 @526 | 0743 0164 | 0429  0.044
3| 0.00668 9.25 64.1 5.04 13.9 3.17 4.33 181 .09 | L1l4 0336 | 0.644 0,090 | 0473  0.043
4| 0.00891 1238 162 | 672 23.9 422 7.42 2.41 1.B3 149 565 | 0.858  0.150 | 0.630 0.071
5| 001114 2" 8.40 36.7 5.28 11.2 3.01 2.75 1.86  0.835 | 1073 0223 | 0788  0.104
6| 0.01337 | 0574  0.044 2" 10.08 519 6.33 15.8 3.61 3.84 2,23 1.17 1.29 0309 | 0.946 0.145
8] 001782 | 0.765 0.073 1344 811 8.46 27.7 4.81 6.60 2.97 1.99 172 0518 | 126 0241
10| 0.02228 | 0.856 0.108 | 0.670  0.046 10.56 424 6.02 9.89 a7 2.99 215 0774 | 158 0361
15 008342 | 143 0224 | 101 0.0%4 ! 9.03 216 6.57 6.36 3.22 1.63 237  0.755
20| 004456 [ 191 0375 | 134 0158 | 0.868  0.056 3" 1203 378 7.43 10.9 429 278 | a.16 1.28
26| C.08570 | 2539 0561 | 168 0234 [ 109 0083 | 0812 0.041 4" 9.28 16.7 .37 422 | 394 193
30| 006684 | 287 0786 | 201 0327 [ 1.30  0.114 | 0974 0056 11.14  23.8 6.44 592 | 4.73 2.72
35| 0.07798 | 3.35 1.05 235 0436 [ 152 0151 | 114 0704 | 0882 0041 | 1299 522 7.51 790 | 6.52 3.64
40| 008912 | 3.83 135 268 0556 [ 174 0192 | 130 0085 | 101 0052 | 1485 415 869 1024 | 6.30 465
45 | 0.1003 4.30 1.67 302 0668 | 195 0239 | 146 0117 | 113 0084 9.67 1280 | 17.09 5.85
50 | 0.1114 4,78 2,03 335 0839 [ 217 028 | 162 0142 | 126 0.076 5" 1074 1666 | 7.88 7.15
60 | 0.1337 5.74 2.87 402 118 260 0406 | 195 0204 | 151  0.107 1289 222 947  10.21
0| 81560 6.70 3.84 4.69 1.59 3.04 0540 | 227 0261 | 176 0.143 | 112 0.047 1L05 1871
80 | 0.1782 7.65 4.97 5.36 2.03 347 0687 | 260 0334 | 202 0180 | 1.28  0.060 1262 1759
90 [ 0.2005 B.60 6.20 6.03 2.53 3.91 0861 | 292 0416 | 227 0224 144 0074 6" 14.20 22.0
100 | ¢.2228 5.56 7.59 6.70 3.09 434 106 | 825 0509 | 262 o027z | 160 0090 | L1 0036 | 1578 289
125 | 0.2785 | 1197 1176 | B8.38 4.71 5.43 1.61 406 0769 | 316 0415 | 201 0135 [ 139 0055 | 1972 414
150 | 0.3342 | 1436 1670 | 1005 669 6.51 224 | 487 1.08 378 0580 | 241 0190 | 167  0.077
175 | 03899 | 1676 223 | 1173 897 7.60 3.00 | 568 144 441 0774 | 28t 0253 | 194  0.102
200 | 0.4456 | 19.14 288 | 13.42 1168 | 8.68 3.87 6.49 1.85 504 0985 | 32t 0323 | 222  o0.130 8"
225 | 0.5013 15,09 1463 | 9.77 483 | 730 2.32 6.67 123 361  040f | 250 0162 | 144  0.043
250 | 0.557 ... e 1085 593 | 8az 2.84 6.30 146 | 401 0495 | 278 0195 | 160 0051
275 | 0.6127 11.94 7.14 | 893 3.40 6.93 179 | 441 0583 | 808 0234 | 176 0081
300 | 0.6684 1300 835 | 9.74 4.02 7.56 2.11 481 0683 [ 333 0275 | 192 0072
325 | 0.7241 1412 989 | 1053  4.09 8.19 2.47 521 0.797 | 361 0320 | 208  0.083
350 | 0.7798 1136 541 8.82 2.84 562 0919 | 389 0367 | 224  0.095
376 | 0.8355 12.17 618 9.45 3.25 6.02 1.05 416 0416 | 240  0.108
400 | 0.8912 1288 703 | 1008 368 6.42 1.19 444 0471 | 286 0121
425 | 0.9469 13.80 7.89 | 1071 412 6.82 1.33 472 0520 | 273 0.136
450 | 1.003 10" 14.61 8.80 1134 460 1.22 148 5.00 0590 | 289  0.151
475 | 1.059 183 0.054 1197 512 162 1.64 527 0653 | 3.04  0.166
50O | 1.114 208 0,069 12.60 585 8.02 1.81 B5S 0720 [ 3.21 0,182
550 | 1.225 224 0071 1385 679 8.82 2.17 611 086l | 351 0219
600 | 1.337 244  0.083 1512 8.04 9.63 255 6.66 102 | 385 0258
650 | 1.448 2.64 0.097 12" ... 10.43 2,98 7,22 1.18 4,17 0.301
700 | 1.660 285 0112 | 201  0.047 1123 343 778 135 | 449 0343
750 | 1.671 3.05 0127 | 216 0054 14" 1203 392 8.33 155 | 481 0392
800 | L782 325 0143 | 228 0061 12.83 443 8.88 175 | 513 0443
850 | 1.894 346 0160 | 244 0068 | 202  0.042 1364 500 9,44 196 | 645 0487
800 | 2.005 366 017% | 258 0075 | 213 0.047 14.44 568 9.99 218 § B77 0554
850 | 2117 386 0198 | 272 0083 | 226 0052 1524 821 | 1085 242 608 0613
1000 | 2.228 407 0218 | 287 0091 | 237  0.057 16" 16.04  6.84 110 268 641 0676
1100 | 2.451 448 0260 | 315 0110 | 261  0.068 1765 823 | 1222 322 7.05  0.807
1200 | 2.674 488 0306 | 344 0128 | 286 0080 | 218 0042 1333 381 770 0948
1300 | 2.896 529 0865 | 373 0150 | 308 0.003 | 236  0.048 1443  4.45 B8.33 111
1400 | 3.115 570 0409 | 40t @171 | 332 0107 | 284 0055 1665 513 8.98 1.28
1600 | 3342 610 0466 | 430 0195 | 356 0122 | 272 0.063 18" 1866  5.85 9.62 1.46
1600 | 3.565 651 0527 | 469 0219 | 379 0138 | 2980 0071 1777 661 | 1026 165
1800 | 4.010 732 0663 | 516 0276 | 427 0172 | 327 0088 | 258  0.050 1999 837 | MB4 208
2000 | 4.456 814 0808 | 573 0339 | 474 0209 | 363 0107 | 287 0060 20" 2221 103 | 1282 255
2500 | 5570 1017 1.24 717 0515 | 593 0321 | 454 0163 | 358 0091 . 1603 394
3000 | 6.684 1220 176 860 0731 | 7.11 0451 | 545 0232 | 430 0129 | 346 0075 24 1924 559
3600 | 7.708 1424 238 | 1008 0982 | B3¢ 0607 | 635 0312 | 502 0173 | 404  0.101 2244  T7.56
4000 | 8912 1627 308 [ 1147 127 9.48 0787 | 726 0401 | 574 0222 | 462 0129 | 319 0052 | 2666  9.80
4500 [10.03 1831 387 | 1290 160 | 1087 0990 | 817 0503 | 646 0280 | 520 0.162 | 359 0065 | 2887 122
5000 [11.14 2085 471 | 1433 195 | 1185 1.1 9.08 0617 | 7.17 0240 | 577 0199 | 399 0079
6000 (13.37 2441 674 | 1720 277 | 1423 t71 | 1089 0877 | 861 0483 | 693 0280 | 479 011
7000 [15.60 2849 911 | 2007 374 | 1660 231 | 1271 118 | 1004 0652 | BO8 0376 | 559  0.150
B 00O | 17.82 ... ... | 2203 484 | 1896 259 | 1452 151 | 1247 0539 | 923 0488 | 638 0192
9000 (20.05 2579 609 | 2134 376 { 1634 180 | 1291 105 | 1039 0608 | 718 0242
10 000 | 22.28 28.66 7.46 | 2371 461 | 1815 234 | 1434 128 | 1154 0739 | 798 0294
12000 |26.74 3440 107 | 2845 659 | 2079 333 | 1721 183 | 1385  1.06 9.58 0416
14 000 |31.19 3310 889 | 2542 449 | 2008 245 | 1616 143 | 1117 0562
16 000 | 35.65 2905 583 | 2295 318 | 1847 185 | 1277 0723
18 000 {40.10 3268 731 | 2682 403 | 2077 232 | 1486  0.807
20 000 |44.56 3631 9.03 | 2869 493 | 2308 286 | 1586 112

For pipe Jeugtha other than 190 foet, the pressure drop is proportional to tha length. Thus, for 50 feet of pipe, the
presrury drop is approximately one-half the value given in the table. . . fur 300 feet, three times the given vahue, etc.
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Velocity is o funetion of the ¢rass sectional flow arca; thus, it is
constant for a given flow rate and is independent of pipe length.

Reprinted from Flow of Fiuids Through Volves, Fittings, and Pipe with the permission of Engineering Division, Croane Co,
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