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INTRODUCTION .

SCOPE AND OBJECTIVES

We do not expect to make a heat exchanger expert out of you; this takes
years of specialized training and experience.

What we want to do is to give you a better understanding of some of the
process considerations that go into the specification and design of heat -
exchangers used in petroleum refineries and to supplement your knowledge
of heat transfer, that you have acquired in school and on the job, so
that you will be better able to:

1) review quotations for heat exchanger and make selections

2) predict what will happen to the performance of a heat exchanger when
certain process conditions are changed

3} make minor revamps involving heat exchangers

4) trouble-shoot heat exchanger problems.

QUTLINE OF PRESENTATION

I. BRasic Heat_Transfer Theory
1i. Process Considerations

A, Purpose

B. Temperature Approaches

C. Temperature of Products Going to Storage
D. Fluid Routing )

E. Allowable Pressure Drops

F. Various Types of Reboilers

III. Mechanical Considerations
A. General
B. Shell and Tube Exchangers
C. BHairpin Type Exchangers
D. Air Cooled Exchangers
IV. Appendix A (Exhibits)
Appendix B (Problems)

Appendix C (Excerpts From TEMA)

Appendix D (Supplement)




HEAT EXCHANGERS IN PETROLEUM REFINERIES

I. Basic Heat Transfer Theory
A. The fundamental equation for comvecticn heat transfer is:
Q =UA AT,

where Q = Heat transferred, BTU/Hr.
U = Owerall heat transfer coefficient,
BTU/(Hr.) (°F)(Sq.Ft. outside surface)
A = Outside heat transfer surface, Sq.Ft.
AT, = Corrected log mean temperature difference,
°F

B. Q, the heat transferred, or duty of the exchanger, can be
1. All sensible heat, determined by the equation:
Q= WCpAT
where W

Cp
o a1

2. All latent heat, determined by the equation:

f£luid flow rate, Lb/Hr.
fluid specific heat, BTU/(Lb)(°F)
fluid temperature change, °F

Q=W X
where W = fluid flow rate, Lb/Hr
\ = latent heat, BTU/Lb.

3. Or, for mixtures of two or more components, & combination
of sensible and latent heat.

C. U, the overall heat transfer coefficient, = 1;
R

1. R= f+ d+rm+dAo+fAc>
T T r ¥
-] s t Ai t Ai

where rf film resistance of shell side fluid,
s (Hr) (°F) (Sq.Ft. of ocutside surface) /BTU

d = fouling resistance on outside of tubes,

s  (Hr)(°F)(Sq.Ft. of outside surface)/BTU

resistance of tube wall referred to outside
surface of the tube, including extended
surface if -present,

(Hr)(°F) (Sq.Ft. of outside surface)}/BTU

Im

®




\ d = fouling resistance on inside of tubes, .
t (Br) (°F) (5q.Ft. of inside surface)/BIU

f = film resistance of tubeside fluid,
t (d4r) (°F) (5q.Ft. of inside surface}/BIU

Ao = Ratio of putside to inside surface of
Ag tubing.

2. The fluid film resistances,  f and .f, are determined from
s t

correlations involving the tube diameters, the fluid flow
rate and the viscosity, thermal conductivity, and specific
heat of the fluid. (See Exhibit 1, Appendix A, for some
typical film resistamces.)

3. Values for the fouling resistances, ,d and rd may be known

s t

from previous operating experience or estimated from tables
of typical fauling resistances found on pages 130-142 of the
Standards of Tubular Exchanger Manufacturers Assoclatiom,
which is usually referred to as TEMA. (SEE AFPaNBX’C J

4. The resistance of the tube wall, T for a bare tube, is
calculated by the fgllowing equation:

o tpm_ 0o . .
12 ky (Dg = ty)

tube 0.D., in.

tube wall thickness, in.
tube-metal thermal conductivity, .
BTU/ (Hr) {5q.Ft.)/(°E/Ft.)

where D

o)
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D. ATy, the logarithmic medn temperature difference is calculated
by this equation:

AT, = GTTD - LTTD
GTID
I T1ip

where GTTD = the greater terminal temperature
difference '
LTTD = the lesser terminal temperature
difference

1. This eguation gives|the log mean temperature difference for

either true counterflow or cocurrent flow exchangers. Only
| hairpin type exchangers and exchangers with one pass on each
‘ side or with two passes on each side fall into this category.




. 2. TFor exchangers with two or more tube passes and one shell : |
pass, true counterflow is not experienced, and therefore
a correction factor must be applied to the calculated
counterflow MID.

Charts for determining MID correction factors for several w
types of exchangers are given .25 excerpts from TEMA.CSEE Aﬁ”Ef‘W‘CJ
The assumptions on which these charts are based are:

a. The over-all heat transfer coefficient is constant

b. Each pass has the same amount of heat transfer surface

¢. The mass flow rate of each fluid is constant

d. The specific heat of each fluid is constant

e. There are no phase changes in any part of the exchanger

f. Heat losses are negligible

g- Each fluid stream may be characterized by a single
temperature at any cross section in the exchanger.

It is not advisable to design an exchanger with a MID
correction factor less than 0.8, because in practice some
of these assumptions are no lenger valid at the lower cor-
rection factors. Also, it has been shown that it is not
economically feasible to design an exchanger with a correc-
tion factor less than 0.8.

3. Straight line temperature-enthalpy relationships of beth
. ) fluids is assumed when calculating a MID as shown previously.
This is not always true, especially where there is conden-
sation or vaporization involved. In this case a weighted
MTD must be calculated.

II. Process Considerations
A. Purpose - why use heat exchangers?
1. To cool process streams

a.. Example: gasoline product going to storage is cooled
to reduce losses because of its vapor pressure.

b. Example: Hydrar unit intercoolers remove the heat of
reaction between reacters.

c. Example: Absorber intercoolers on gas concentration
units remove the heat of absorption and thereby in-
crease the efficiency of the absorber.

d. Example: Fractionator condensers condense the over- |
head, part of which may be the product and the other }
part of which may be reflux that is returned to the i
column to help effect a separation. 1
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c.

Temperature of Product Streams Going to Storage

1.

2.

Gasolines and lighter hydrocarbons should always be cooled
to 100°F or less.

Kerosene and middle distillates are usually cooled to 125°F
to stay below a normal flash point of 150°F.

Vacuum gas oils are normally cooled to 150°F.

Reduced crude or residuum are cooled to 175°F or 200°F so

as to be below the boiling point of water, which may accumu-
late in the storage tanks, and which could lead to an explo-
sion if the product is not sufficiencly cooled.

Fluid Routing in Shell and Tube Exchangers

1.

Fouling fluids should be put in the tube side, if other
factors do not prohibit it. Chemical cleaning methods that
are mow available make it unnecessary to follew this prac-
tice as strictly as it had been in the past.

Fluids having a viscosity greater than about 2 centistokes
should be put on the shellside to reduce the amount of heat
transfer surface required. A higher heat transfer coeffi-
cient is obtained on the shellside, because of turbulence
brought about by flowing across the tubest Baffles,

Fluids containing suspended solids should be put on the
tubeside.

It is usually more economical to put the fluid with the
higher pressure on the tubeside. If the high pressure fluid
is routed through the shell, the tube bundle and shell must
be designed for the high pressure, however, if the high pres-
sure fluid is through the tubes only the chanmel, channel
cover, and tube bundle must be designed for high pressure.
Another reason why it is usually more economical to route

the high pressure fluid through the tubes is that the inter-
nal working pressure of a given tube is about twice the ex-
ternal working pressure. -

Likewise, it is usually more economical to put the higher
temperature fluid on the tube side.

Cooling water is usually put in the tube side for ease of
cleaning and because of the possible presence of solids.

If one stream is corrosive and requires alloy materials, it
is usually more economical teo put it on the tube side since
less alloy material will be required.




E.

Allowable Pressure Drops : : ' .
1,

6.

The allowable pressure drop usually specified on the water
side of coolers and |condensers 1s 10 psi per exchanger
(shell) in series. Experience has shown that this is ap-
proximately the pressure drop that is required to meet our

5 fr/sec minimum cooling water velocity limitation. (This
velocity limitation |in turn is specified to minimize cooling
water fouling.) A lower drop may be required where the
system pressure is very low or on exchangers at high eleva-
tioms. In this casd the water side fouling factor should be
increased, accordingly.

The normal pressure drop allowed for fluid exchangers ranges
from about 5 to 25 psi., depending on the availability of
pressure and the characteristics of the system. Usually a
minimum of 5 psi per exchanger (shell) in series is allowed
on each side.

A minimum of 2 psi pressure drop per exchanger (shell) on
each side, is usually allowed for combined feed exchangers
with multipass tubes, on low pressure units. For high pres-
sure units this is increased to about 5 psi per exchanger

on each side.

For vertical Platforming combined feed exchangers with

single pass tubes the allowable pressure drop varies from

10 psi total, both sides, for exchangers with 40 ft. tubes .
to 12 psi total, both sides, for exchangers with 60 ft. tubes.

Condensers in atmospheric pressure service or above, will
normzlly have allowable pressure drops of about 1 to 5 psi
on the process sidel

Reboilers will normally have between 0.5 and 2 psi pressure
drop. Most thermosyphon reboilers are specified for 0.5
to 0715 psi with the| higher pressure columns, such as depro-
panizers, requiring the lowest drops. Once-through and
vertical reboilers can usually stand 2 psi pressure drop
because of the high static head available.

Condensers in vacuim service will usually be specified for
10 to 25 mm Hg. pressure drop. -

Various Types of Reboillers (See Exhibits 3a-F, Appendix A)

1.

Kettle Reboiler

a. Operation - Begqause their operation is not critically
dependent on the circulation of large quantities of
two-phase fluid through external piping such as in the
case of thermosyphon andonce-through reboilers, Kettle
reboilers are relatively insensitive to large changes

in process operating conditioms. .




Advantages

(1) Weir holds constant level above tubes
(2) Equivalent to at least one theoretical tray
(3) Temperature of product kept at minimum

Disadvantages

(1) Surge volume for liquid is low:

(2) Have greater tendency to foul than other reboiler
types, since heavy residual material accumulates
continuously behind weir. Therefore, they are not '
recommended for potentially fouling service espec—
ially when bottoms draw-off is less than about 20
percent of the required boil=-up

Internal {Stabbed~In) Reboilers

a.

b.

Operation - Essentially the same as for kettle reboilers.
Advantages

(1) Saves cost of external piping and shell

(2) Equivalent to at least ome theoretical tray

(3) Weir holds constant level above tubes

(4) Full use of the bottom portion of the column can
be taken for surge vclume

Disadvantages

(1) Their use in small columns can be impractical

(2) Has same fouling tendency as kettle type

(3) Bundle diameter may have to be large because tube
length is limited by column diameter.

Vertical Thermosyphon Reboilers

a..

Operation - Stable operation depends on & balance be-
tween the net static head developed by the liquid in
the column and the friction and acceleration losses in
the system. Therefore,®sudden changes in composition
or temperature can upset this balance often causing
severe oscillations in the system which could lead to
poor column control and a loss in heat transfer effi-
ciency.

Advantages

(1) Relatively inexpensive fixed tube sheet construction
may be used

(2) No pockets to trap dirt; high circulation rate
should keep the reboiler clean

(3) Tube side readily accessible for mechanical cleaning

{4) Piping is short

(5) Plot plan requirements are small
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(3) 1Is equivalent to ome theoretical tray

(4)
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Horizontal Once-through Reboilers

a. Operation - Similar to horizontal thermosiphon reboilers

b. Advantages

(1) All advantages listed for horizomtal thermosiphon
reboiler, plus

(2) Temperature of products is kept at minimum

(3) 1Is equivalent to one theoretical tray

(4) TFull use of the bottom portion of the column can
be taken for surge volume

c. Disadvantages

(1) Piping design is critical

(2) Column must be elevated to provide head

(3) Can bypass bottom tray liquid, if trap is not
functioning

III. Mechanical Coénsiderations

A. General

1.

Code Requirements and Standards - UOP specifications re-
quire that shell and tube heat exchangers, hair pin type
heat exchangers, and air cooler tube bundles shall conform
to the requirements of the Sect VIII of the ASME Boiler
and Pressure Vessel Code except that those exchangers in
steam generator service shall conform to Sect. I of the
Code on the steam side.

In the case of shell and tube heat exchangers, the ASME
Code is supplemented by TEMA and UOP Specification 4-11-0.
For hair pin type exchangers, UOP Spec. 4-12=-0 supplements
the Code. Air coolers are covered by UOP Spec. 4-13-0.

In addition, numerous other codes and standards may be
referenced and certain local codes, contractor's specifi-
cation, and licensee's specifications may be invelved.

Design Pressure
a. Normally, the design pressure of exchangers is set at

a minimum of 25 psi or 10% above the maximum operating
pressure, whichever is greater.

b. 1In cases of exchangers operating above 1000 psig, the
design pressure is sometimes taken as 100 psi or 5%
above the maximum operating pressure, whichever is
greater.
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-11-

5. Corrosion Allowance - TEMA Standards for Class "R" heat
exchangers, requires a minimum corrosion allowance of 1/8"
for all carbon steel pressure parts except tubes. (TEMA
defines carbon steel as any steel or low alloy falling
within the scope of Part UCS of ASME Code.)

Sinee practically no corrosion allowance can be incorpora-
ted in the tubes, alloy is used whenever any appreciable
corrosion is expected.

Shell and Tube Exchangers

1. ¥Nomenclature - TEMA, pages 4, 5 and 6 .
SEE APPE~NBIC 'S

2. TEMA Type Designation ~ TEMA, page 3

3. Thermal Design involves the determination of the amount of
heat transfer surface required, the tube diameter, the tube
length, the tube pitch, the number of tube. passes, the
baffle cut and the baffle pitch.

In general, the individual film resistances decrease with
an increase in mass velocity, specific heat, and thermal
conductivity and increase with increases in tube diameter
and viscosity. On the other hand the fiuid pressure drop
decreases with an increase in density and tube diameter,
but increases with and increase in mass velocity and
viscosity. The result is an increase in pressure drop
for an increase in the cverall heat transfer coefficient,
and therefore less required heat transfer surface, or
putting it another way its a balance of operating costs
{pressure drop) versus capital cost (heat transfer surface).

4. Special Considerations

a. Slurry Handling - To avoid plugging or excessive erosion
in exchangers handling slurry oil on FCC units, certain
faatures must be incorporated in their design:

(1) Routing the slurry oil through the tubes

(2) Llimiting the minimum, as well as the maximum,
slurry oil velocity

(3) Using tubes no smaller than 1" 0.D. and mno thinner
than 12 BWG.

(4) Using straight tube comstruction

(5) Designing horizontal exchangexs with the slurry
in horizontal flow or downflow through the bundle

(#) Providing a replaceable deflector or impact baffle
at the inlet to divert the slurry flow from the
pass partition plate
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} ( b. 'HF' Acid Service - Exchangers handling HF acid must
‘ include the follpwing features in their design: .
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{(4) No threade
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5. Revamping

ie heat transfer service, that is mne .
er side, may be revamped for new duties

nships shown on Fig. 9-io of the Natural

jers Association's Engineering Data Book,

{See Exhibit 4, Appendix A)

‘ Exchangers in sensi
phase change on eit
by using the relati
Gas Processors Supp

toth Editiom, 1937

. Hairpin Type Exchangers

1. Description

e U-tube element inside U-shell. Element
bare depending on application. (See
dix D)

a. Double pipe - ©
’ may be finned o
2 Exhibit 53, Appe

b. Multi-tube - one U-shaped bundle composed of U-tube
elements inside a U-shell. Elements may be finned or
bare depending jon application. {(See Exhibit 6, Appendix D,

c. Series - Parallel Hookups - Frequently, one heat exchan-
ger section does not have sufficient capacity for a
given duty. I these cases, several exchanger sectiomns
will be hooked |up in series and/or in parallel.
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Advantages

a. For small duties, hair pin type exchangers are usually
less expensive than shell and tube exchangers. This
is because hair pin type exchangers are of standard
design, while shell and tube exchangers must be custom
built for each application. Also, the cost of shell
and tube heat exchangers on a dollars per sq. ft. basis,
increases as the exchanger size decreases.

b. Because of the modular like construction, hair pin ex-
changers can frequently be revamped by rearranging the
hookup or by adding similar sectioms.

Disadvantages

a. Manifolds for parallel hook ups can be expensive.

Applications

a. Double pipe - usually where the duty is less than one
million BTIU per hour.

b. Multitube - usually where the duty is greater than one
million BTYU per hour and less than five to ten million
BTU per hour.

Cooled Exchangers
Description = Major Parts

a. The tube bundle or coil which is composed of the headers,
the tubes, and the frame

b. The structure which includes the supporting columms,
bracing, the plenum chamber, the fan deck, and the fan
ring

c. The mechanical equipment which typically consists of
the fan and the drive assembly.

Nomenclature (See Exhibits 7A~G, Appendix D)
Drives

a. Most air cooler fans are driven by means of electric
motors. For small fans, say up to about 5 ft diameters,
the fans are directly driven. For fans with diameters
greater than about 5 ft., right angle gear drives are
required, unless the electric motors are rated below
30 hp, in which case V-belt drives may be used.

b. A few air cooler fans in refinery services are driven
with steam turbines, in which case right angle gear
drives are required.
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5.
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eaning or Lnspection.

header is the removable-cover-plate
imilar in design to the plug header ex-
cover) plate is bolted to the rest of
providing access to the tubes. It is
services where heavy fouling is expected .
1t that greater access to the tubes, than
emovable plugs, is required for cleaning.
ure of these headers is limited to about
difficulties encountered in designing
joints.

he removable~cover-plate header is the
header, which essentially has the same
removable-cover-plate header, except

eet is flanged to the header rather than
This means that the piping must be dis-

n access to the tubes, in the case of

nnet header. This type of header con~—

ave the advantage, that the header, exclu-
sheet can be replaced independent of the

following describes several types of
tubing (See Exhibit 8, Appendix D):

apped under tension and mechanically
oove (0.010 in. + 0.002 in. deep) spir-
e outside surface of the tube.
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b. Inner tube mechanically bonded to an aluminum outer tube
from which fins have been formed by extrusion.

¢. Aluminum footed fins wrapped under temsion over the out-
side surface of a tube with the fin ends secured to pre-
vent leocsening or umraveling of the fins.

d. Aluminum fins edge-wound and wrapped under tension over
the outside surface of the tube, with the fin ends secured
to prevent loosening or unraveling of the fins.

e. Tubes to which fins are bonded to the outside surface by
hot dip galvanizing, soldering, brazing, welding or some
other method of attachment.

Since most air cooler tubes used in petroleum refining are
steel, temperature limitations are put om the use of finned
tubes of the "a" through "d" types to minimize the gap resis-
tance caused by the alyminum fin expanding away from the steel
tube. The usual allowable maximum metal temperatures are!

Type 'a' 700°F (exbedded)
Type 'b' S00°F (extruded)
Typ&:c: &OOZF (Footed )
Type 'd 250°F (wrapped-on)

Forced Draft vs. Induced Draft

a. Definition: forced draft - the fan forces or pushes
the air across the tube bundle; induced drafit - the
fan pulls or sucks the air across the bundle.

b. Compariscn

(1) Forced draft requires less horsepower than induced
draft because the fan is moving unheated air

(2) On a forced draft unit the fan and drive assembly
is located in the unheated air

(3) There is less air recirculation with an induced
draft unit because the air is discharged higher -
above the section and at a greater velocity than
in a forced draft cooler

(4) The bundle is protected from the weather in an in-
duced draft unit by the plenum and the fan

The design of the manifolding for multiple bundle units is
important for good distributiom, especially whers two-phase
flow is involwved.

Thermal Design

a. Tubeside - the same correlations that are used on the
tubeside of shell at tube exchangers are used for the
tubeside of air coolers




e,

10.

b. Finned surface

extended surfac
about 0.95 for
defined as the

-16-

an allowance for the efficiency of the
must be made; it is usually close to
ir coolers, however. Fin efficiency is
atio of the difference between the aver-

age temperature|of the fin and the air temperature and

the difference
air temperature
between the tip

etween the fin base temperature and the
(There has to be a temperature gradient
of the fin and the base of the fin to

conduct heat alpng the fin.)

¢. Heat transfer apd pressure drop correlations for the air
gside are generally of a proprietary nature, and have been
developed for the particular geometTy of a particular

manufacturer's

ube bundle design.

d. The air flow is| a variable that is resolved by an eco-
nomic balance between fan horsepower and surface.

Design Ambient Air
tion is similar to

Temperature - the usual basis for selec-
rhat shown on Exhibit 9, Appendix A.

For example, for the United States, it is the temperature
which will not be exceeded more than 5% of the 12 hours
during the middle gf the day in June to September inclusive,

of a normal summer.
corded temperature
economically large.

It is felt that use of the maximum re-
would result in air coolers that are un-
On the other hand, some refiners will

add a safety factor of a few degrees, to the temperature
determined in the dbove manner, to allow for some additional
heating ¢f the ambient air in a refinery, because of the
heat given off by the various pieces of equipment.

Control - there are several commonly used schemes for con-
trolling the process fluid outlet temperatures from air

coolers:

a. Two-speed motol
b. Multiple fans
¢. Variable pitch
d. Louvers

LS

fans

Control may be required for process reasons or to prevent
freezing of the process stream.
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EXHIBIT 1, TYPICAL FILM RESISTANCES . . “-% et
. (ENGLISH) (METRIC)
Liquid Water: 0.001 S hr-"P-£c2/BT0 : hr—;C;gzgl(;cai
Beiling Water: 0,0008 —-- - E e 0.00016
Condensing Steam: 0.0005 0.0001
Liquid Light Hydrocarbon (Propane-Pentane}: 0.003 —m—-" —-- 0.0006
Boiling Light Hydrocarbon (Propane-Pentane): 0.004-—-———mmooe o 0.0008
Condensing Light Hydrocarbon {(Propane~Pentane): 0,006 ——— v -— - 0.0012
Liquid Kerosene: 0.005 ————==s:mn - - 0.0010
Boiling Kerosene: 0.008 S i et 0.0016 |
Condensing Kerosene: 0.007 - T e e e 0.0014
Liquid Crude 0il: 0.01 - e e e o eeeeee 0.002
Liquid Bunker 'C' Fuel 0il: 0.02 0.004
Natural Gas at 50 psig: 0.018 . 0.0036
. Natural Gas at 100 psig: 0.013 ——=—— - 0.0026
Natural Gas at 1000 psig: 0.005 0.001 i
Low Pressure Platformer Combined Feed or Reactor Products: 0.007 — 0.0014
Moderate Pressure Unibon Combined Feed or Reactor Products: .004 -~ 0.0008
High Pressure Unibon Combined Feed or Reactor Products: .003 ——— 0.0006
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_ExHieiT 4 2of -
FIG. 9-10
Variables in Exchanger Performance
p={f-(r)t AP; = (f) - (AP4) 1
Variable* Flow Regime Shell|(f) Tube (f) Shell () Tube (f)
Viscosity Turbulent (ol % (pafnn)®¥ (pa/ns)™® {po/pn1)??
Viscosity - buli to Streamline [M Hz]"'" {nafir)
wall correction — e
B2 Hwt
Thermal conductivity Turb. or Streamline {Ky k)05 (k&)
Sp. heat capacity Turb. or Streamline (€p1/Ce2)% ¥ (Cor/Ca)® >
Mass velocity Turbulent (G4/67)> {G4/G)0® (G2/G,)"®® (G,/G,)"®
{or mass flowrate} Streamling {G,/G,)* (62/G,)
Density Turb. or Streamline (p+/p2) p/pz
Tube diameter Turbulent (D520 )P4 (D,/D,)°2 (Dar/Dg2)™™ {D,/0)"?
Tube diameter Streamline (DD, 3 D/
Tube length Streamling (L)
Tube passes Turb. or Streamline (No2/Npy)
No. batfie spaces Turb. or Streamiine SP./SP,
No. tube rows crossed 3 RC./RC,

* Use consistent units for any one variable in both cases.
+ fis the ratio of the new value to the old value for a given variable. T
1 Number of rows of tubes exposed to cross flow (as ppposed to pa

overall f is the product of the individua! fs.

liel fiow). This number is determined by baifle and bundle geometry,

FiG. -1

Base Values for Use with Fig. 8-10¢

Flow Local Tubeside (One Pass)

Fluid Regime r k Cp p AP/ft w(2) G; D,
Water Turbulent 0.0003 0.358 1.0 62.1 0.068 0.764 265 0.62
HC 0il Turbulent 0.0038 0.0788 0.5 46.9 0.061 0.726 185 0.495
Methane Turbulent 0.0058 0.02 0.54 0.27 0.137 0.0113 31.2 0.62
HC Gil Streamline 0.049 0.0716 0.526 51.3 ) (3) 42.3 0.834

Shellside
k Cp P AP(6) p{5) G(7) D,

Water Turbulent 0.0005 0.395 1.007 59.8 0.23 0.282 156.7 0.625
HC Qi Turbulent 0.0028 0.0762 0.557 46.8 0.25 0.54% 1324 0.625
Methane Turbulent 0.0038 0.037 0.655 0.23 0.08 0.0182 6.19 0.625
(1) Symbols and units are defined in Fig. 9-1
{2) Buik averape viscosity
(3) 6.62 and Wall viscosity is 27.75
(4) 034 psifora 17 ft tube
(5) Average film viscosity
{6) Crossflow AP/batfle space/10 tuberows crossed between centrgids of cut openings
(7) Average crossflow mass velocity (see crossflow area calculation in Fig. 9-13)

-8

-



Dry Bulb Temperature Data
The dry bulb temperatures shown will be
exceeded not more than 5% of the 12
hours during the middle of the daoy in
June to September inciusive, of o nermal
summer. -

- C e e ————— .

exs\a\t (9]

.n Relevence Notuxal Gas Processors Su..ff_\‘i?‘:Sﬁ___/ﬁs_socic-:\\:\ﬁ;“,\s
Semiveecing Oara Book, Nintn Eé1+;ﬁw) 12,

T ey

pc:a 3 \7_:4\:]




APPENDIX 'B'

(PROBLEMS)




. ' PROBLEMS

PROBLEM NO, 1

Calculate the tubeside film resistance in an exchanger with two tubeside
passes and 128 - 1 in. OD - 12 BWG tubes. The tubeside liquid is 57°API
Gasoline with a “K" of 11.8 and a viscosity of 0.47 centipoise at 100°F,
(its average temperature in the exchanger).

The tubeside flow rate is 125,000 1bs. per hr..:

Use the figures on pages attached to obtain the specific heat (Cp) and

thermal conductivity (Kb) values.

. Use the following equation to obtain the tubeside heat transfer coefficient

hy, which, of course, equals l/rE

M - .023 DG )0.8 fo )0-4
Ky Iy (K b

Where, hy = the tubeside heat transfer coefficient
. BTU/ (hr) (sq. ft.) (°F)

D = jnside diameter of the tube, ft.

K;, = the bulk (average) thermal coductivity of fluid,
BTU/(hr)(sq. £t.)(°F per ft.)

b = the bulk viscosity of the fluid, 1b/(hr)(ft); J
(A4 = 2.42 x 4§, where 4 is expressed in |
centipoises) '

G = mass velocity, 1b/(hr)(sg. ft. of cross section)

Cp = the bulk specific heat of the fluid, BTU/ (1b) (°F)

(for 1" 0.D. 12 BWG Tubes; ID = 0.782"; 0.4803 inZ cross-sectional
area)
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PROBLEM NO. 2

Calculate the MTD correction factor for a TEMA Type'AES’exchanger with

4 pass tubes. The tube side fluid enters at 85°F and leaves at 105°F;

the shellside fluid enters at 144°F and leaves at 125°F,

125 °F
¢sF
1 105 °F
|
‘ 4 F ®
| SEE Skere of '

‘AES'TYPE EXUTANGER
~ aN Nexr mer:TFaﬂj
TROB, fe-3




PROBLEM NO. 3

?ﬁsphqﬁqs,

oating head -two y tubepasses

How many TEMA Type'AES exchangers (shells) are required in series for an

exchanger unit in which the tubeside fluid enters at 294°F and exits at
210°F, and the shellside fluid enters at 178°F and exits at 242°F? There

are 2 tubeside passes per exchanger (shell).
0
292°F
. V-
294 °F

Ay
ﬁfds

20F

18%
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PROBLEM NC. 5

Using the relationships shown on Exhibit 4 {Appendix A), estimate the

new overall heat transfer coefficient for a Platforming Combined Feed

Exchanger, if the flow rates through both sides are reduced to 507 of

the original flow rates, assuming there is no change in the fluid pro-
perties. The original overall heat transfer coefficient was 50, the shell-
side fouling factor is 01991, the tubeside fouling factor 15_9;922 and
the resistance qf the tube is 0.0004.. (Assume 3/4 0.D. 14 BWG tubes)
Gy = 6°
- f;’ =00/

"l' ttg'=a001-

ya =e pové
Assonr & ):gc =r%

PROBLEM NO. 6

Estimate the tubeside pressyre drop for the new condition for Problem

No. 5, if it was 3 psi for the original condition.
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AIR COOLED

APPENDIX 'B'

smPLE pROBLEN 2T

Find approximate size and horsepowe!
od o)
Duty:
Flow:

Process Temp.:

Design Dry Bulb T

1st Try, 6 layer, surface

2 x 75,800 ft2 = 151,600 £t

AT air = 39.18 x 3/2 = 58.8

EXCHANGERS .

r required for Platformj actor
39.18 x 105 BTIU/hr
210,284 1bs/hr (HCBN + 74.8 mol % Hjy)

270°F to 113°F
emp.: 86°F

(Say U 3.6 to 3.8 BTU/hr-f_F2-°F)

(Outlet air = 86 + 58.8 = 144 ,8°F)

MTD 270 —= 113°F
144, G 86 o
125.2 27 Corr. Fac. to LMID
\ .
64 R=158.8 = 0.37
157
So, MID_ = 64 x 0.92 = 58.9|%
X =157 = 0.85
184
From Chart for air cross flow
| F = 0.92
r 106
U ,.= _Q . 39.18 x 10 = 4.39 Too High ! :
req'd T ZAT (58.9) (151600) g { (ecss rore surface)
2nd Try, 6 layer, 2 x 87700 = 175,400 fr.2
AT Air = 39.18 k 2.7/2 = 52.9 (Air out = B86.452.9 = 138.9°F)
MTD 270 —=113°F
138.9 <« 86
131.1 27
N/
6€5.9 Ure tg = 39.18 x 106
4 (65.9) (0.92) (175400)

. Use 175,400 ft2(finned), 6 layer,

= 3.68 (Accfpﬂrﬁ(i h}

size = 38" x 30 (PloT )
4yp = 130,
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/ Short Cut Estimating Method

@ for PERFEX AIRFINS

The following estimaling syslem hﬁs been developed to
quickly approximate the size, horsepower and price
of a Perfex Airfin exchanger.

Example

Cool 300,000 lbs/hr of 45* API hydrocarbon liquid
from 350°F to 150°F, with ambient air at S0°F. Total

heat load is 34JQQQ_,QQQ,é_gJ.Jhr.

Step 1 — Select Heat Transfer Rate —
From Table 1 the transfer rate is selected within the
range given fora light gas oil. Factors affecting the choice
include allowable pressure drop, cooling range and
viscosity. Pick rate of 3.5Btu/{hr) (sq ft) (°F}.

Step 2 — Figure Log Mean Temp Difference —

Assume an air outlet temperature based on 2 tempera-
, ture rise between 20°F and 90*F. For this example,
with a long cooling range, assume a T0°F air rise.
Adding this to the 80°F ambient temperature gives

an air outlet of 150°*F.

Liquid Cooling 350 —— 150
Air Heating 150 e—— 80
200 a—— 70

GTTD

LTTD

From Table 2 read LMTD as 124°F

Agevnx 'g’

SAmpLE FRo8LEmM ,
MR ool cb EXCHER

Step 4 — Select Airfin Exchanger —

Refer to Table 1 and select 6-tube layers because of
long ceoling range.

Refer to Table 3, and select Airfin unit with six-tube
layers having approximately 78,500 sq {t of transier
surface. The closest unit is 18 ft wide by 30 ft Tong
and has 87,700 sq ft of surface.
Now check the air temperature rise to verify the esti-
mated air outlet temperature of 150°F. The sclection
shows a 2.7*F rise per million Btu heat load. Therefore
the total temperature rise will be 2.7 x 34.000 No4
Btu/hr heat load, which equals 92°F. The corrected
outlet temperature is 172°F (S0°F ambient + 92°F
temp rise).

Refligure the LMTD:
Liquid Cooling 350 —+ 150 :
172 ¢—— BOC 1
178 —— 70 i
GTTD LTTD
From Table 2 read LMTD as 116°F.

Step 5 — Recheck Transfer Surface —
Required _ 34,000.000
Surface - 35x 116

Referring to Table 3, closest surface available is 87.7

sq ft, in one bay having six lavers. The plot area i

18 1t x 30 .ft. Given horsepower is 65 and tubg leng

= 83,7005q ft

Step 3 — Calculate Transfer Surface — v is 30 ft. Lo, U A'E-.‘.' {1;1__’..‘;\"; 234
Required _ _Heaticad  _ sq # (‘;5...-, U""T \ Price Estimating ~
Surface ~ Rate x LMTD 7 \ b} Refer to Table 4 showing estimating prices based or
Reguired 32.200.0C0 78500 5q f dollars per square foot of extencded sutiace:

Surface — 35x 128 I

87,700 5q ft x 587 /5q {t = $e8m=T, {ob shinping poinis
F R

b RGN ~

N T

a” -. 2 .
f”’fﬂ"f"hﬁﬁ Y = %;: =3-5§'\
TABLE 1- Transfer Rqles for Air, fin Exchangers : \

p—2J

\
/-—
COOLING SERVICE ('"’::::9 ""33::5”“ CONDENSING SERVICE e ‘"Nt::a:“a
Engine acket Water ot T4 Sisam 7-8 4
Ligh Hydrocarbens 4.5 dork Light Mycrocarbon 4-5 4ors
Lignt Gas Dd____ .M—-.J&'_&- Reactor Effiyent 35-45 6
Heavy Cas Gil 25-3 aork Still Overncad 2.75.3.5 4orb
Lube Oil 1-2 40r6
Botloms 25-1.5 & or more
Fiue Gas @ 100 psig & & PD 2-25 £
Pt Cas —  SO# 1-2 L]
Not. Gis - 100® 2.3 4
Mat. Cas — 10004 35-45 4

*Transfer rate, Brus(hr) (sq (1) (*F), hared on outside fin tube

suriace,

v Tie number of tuie luvert cannot be sveuraiely predicted for
all services. In coreral Cuwlers kaving a_rooling fange up Lo

80+F and condensers having a_condensing anst N AR
are Seleetng with 4 tubw invers Cooling and cundensing - =

jors wilh FAnges exceeding these values are generally Sgured
with 6 tube lavers.
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Terminal Temperature Dii- :
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of curved lines by same mul-
tipie.
—— - 2
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Greater Terminal Temperature Difference 200 GTTD
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TABLE 8— Transfer Surface ) .
- APPROX. TOTAL APPRODX, DIM. *AIR TEMP\ *APPROX,
SURFACE TUBE EACH BAY aisk*F. PER Y| ToTAL
sa FT LENGTH WIDTH X LETH, R_MILLION sru) FAN HP o
R ——
v BAYS WITH FOUR LAYER SECTIONS |- - -
8.200 1% 5" x 15 14.8 2
12.500 15 & x1y 5.7 18 .
16,300 20/ & x 20/ 7.5 24 TABLE 4 A_')ﬁn Pricing
20.200 za’ a8 x 24' 8.3 28
25,300 30 8 x 30 5.0 36 HOM. **STEEL TUBES AND
26,600 24 11 x 24/ a.6 37 TUBE WELDED STEEL
32,200 3y 131 x 3¢ 3.7 a7 LENGTH BOX HEADERS VER PLATE HOR,
. . g ¢ . )
P ol e b b , BAYS WITH FOUR LAYER SECTIONS
58,500 30 19 x 30 2.2 a3 1¥ $.46
66.200 30 21 x 30 1.8 95 20 42
75,990 30 24! x 30 1.7 100 28 40
£3.000 3 277 x 30 1.5 118 Elod 37
! : EAYS WITH SiX LAYER SECTIONS : i B4YS WITH $IX LAYER SECTIONS
' 18.800 15 8 x15 - 118 14 ’ $.33 539
25,200 20 8 x 20° 2.0 18 . 20’ 33 38
. 20,300 24 o xza 7.5 22 24 . w20 -32
37.900 2 8 x 3¢ 60 28 el 27 30 -
igggg g;: :::::;: :: gg **Prices based on steel headers, 300 Ib. design, 14~
60,550 24 16° x 24’ a8 %4 o corrosion allowance, 17 OD x 12 BWG weided
- _3 75800 | =0 |_ 18030 40 ce - sicul :_ubes and Perfex Type SG grooved alumi-
T 1 I . 19530 2.7 | oum fins.
Ve 25,600 30! 21 x 30' 2.3 74 -
( 4 113,700 a0’ 247 x 20’ 2.0 84 PRICES LISTED
124.500 30 27" x 30 1.8 52 Prices listed are lor Airlin Exchangers, f.o.b. shig
- - - . S ping points, complete with fin sections, supporting
'Tcmp rise per bay, When '.2.or moare bavs are required, divide temp struciure, fan and gear drive sssembly with TEFC
rize by no. of bavs and multiply hp by no. of bavs. molors
o,
BLF 2
N\
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CHANNEL INTEGRAL WITH TUBE- T T b
SHEET AND REMOVABLE COVER
KETTLE TYPE REBOILER u

V-TUBE BUNDLE
D X
T w
SPECIAL HIGH PRESSURE CLOSURE CROSS FLOW EXTERMALLY SEALED

FLOATING TUBESHEET
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L
i Heat Exchanger Nomenclature
f FIGURE N-1.2
FRONT END ' REAR END
STATIONARY HEAD TYPES SHELL TYPES HEAD TYPES
T { iR
== E r L= I
e Ll
A FIXED TUBESHMEET
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- == T n e
4 : o . I
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SECTION
Heat Exchanger Nomenclature

N-2 NOMENCLATURE OF HEAT EXCHANGER

For the purpose of establishing standard terming
changers. Typical parts and connections, for illus

in Table N-2.

1. Stationary Head—Channel

2. Stationary Head—Bonnet

3. Stationary Head Flange—Channet or Bonnet
4, Channel Caover

5. Stationary Head Nozzle

6. Stationary Tubesheet

7. Tubes

8. Shell

9. Shell Caver

10. Shell Flange—Stationary Head End
11. Shell Flange—Rear Head End

12. Shell Nozzle

13. Shell Cover Flange

14. Expansion Joint

15. Floating Tubesheet

16. Floating Head Cover

17. Floating Head Flange

18. Floating Head Backing Device
19. Split Shear Ring

TABLE N-2

FIGURE N-2

/

COMPONENTS

logy, Figure N-2 ill
trative purposes on

20. Slip-on Backing Flange

21. Fioating Head Cover—External
22, Floating Tubesheet Skirt

23. Packing Box

24, Packing

25. Packing Gland

26. Lantern Ring

27. Tierods and Spacers

28. Transverse Baffles or Support Plates
29. Impingement Plate

30. Longitudinal Baffie

31. Pass Partition

32. Vent Connection

33. Drain Connection

34. Instrument Connection

35. Support Saddle

36. Lifting Lug

37. Support Bracket

38. Weir

39. Liquid Level Connection

|
|
AU

|
[ SaNNNY

AES

ustrates various types of heat ex-
ly, are numbered for identification
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Heat Exchanger Nomenclature

. FIGURE MN-1 (CONTINUED)
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Heat Exchanger Nomenclature

|
4
E:f

ol

1

6

s

RN

]

AN /xw

5

O

\ f@lfff SRR

z

o

<

o

! m

g .M wuﬁv. e .ﬂ . i - T - m

- i Qo_.x =h ||!|= ~® 5 || Mﬂaf@ m
HILL i ?

®H i .. — T =1 M
| e |

: 1111 I I % 3
i =
g &=Ll c
: i Q
: o il ol . :
) 1111 W@ “—_L@ m
} [ =

M Mﬁ @ 5

7 = ] % m

‘ <




. ' - . ' ' )
"* SECTION 8 A e ) B
Thermal Standards \

T-2 FOULING RESISTANCES-—(Cominued)
1-2.41 FOULING RESISTANCES FOR WATER
Temperature of Heating Medium | Up to 240°F. 240° - 400° F.* |
Temperature of Water ' 125° F. or Less Over 125° F.
i water Velocity Water Velocity
Ft./Sec. Ft./Sec,
Types of Water } "
;BandLess Over3 | 3andless l\ Qver3 }
Sea Water ! 0005 . .0008 .001 f.001
Brackish Water L.002 001 .003 1 .002
Cooling Tower and Artificial Spray Pond: ' i
Treated Makeup ¢ .001 001 002 ; .002 }
Untreated i .003 1003 .00s {004
City or Weil Water (Such as Great Lakes) i .001 001 002 i .p02
River Water : i
Minimum C.p02 001 003 ¢ .002
Avarage - 003 002 .004 . .p03 T
Muddy or Silty i .003 002 004 003 !
Hard (Over 15 grains/gal.) i .003 003 005 .005 |
Engine Jacket ‘ i .00l .001 .001 {001 i
Distitled or Closed Cycle Condensate ¢ .000B 0005 0005 ! .0005
Treated Boiler Feedwater | .001 .0005 0ol | 001
Boiier Blowdown i .002 .| .002 .002 - .po2
*Ratings in columns 3 and 4 are based pn a temperature of the heating medium of 240°%400° F, 1f the
heating medium temperatyre is over 400° F. ang the cooling medium is known to scale, these ratings
should be modified acenrdingty.
- 0 . 2 '
. 1.2.42 FOULING RESISTANCES FOR INDUSTRIAL FLUIDS HR £ F7 371,)
1-2.421 OILS ’
Fuel Qil ... ... . ... . R .005
Transformer Qil . ... o e 001
Engine LUBE Ol ..\t ot e 001 1
Quench Qil ..o o .co4d |
1-2.422 GASES AND VAPORS ==
ManufactUred GE5 .. .« oo e e .01 ‘
Engine Exhaust Gas ... . ... on 01
Steam (AON=0il bearing). .. ... e . .0oos
Exhaust Steam (oil bearing). ... .. ... e i .001
Refrigerant Vapors (oit bearing). .. ..o .002
Compressed AIr . . ... 002
Industriat Organic Heat Transfer Megia. .. ................o o 001
7-2.423 LIQUIDS
. Refrigerant Liquids .. .... ... ..o ... .bol ;
Hydraulic FIUID . .. oo .001 |
Industrial Organic Heat Transfer Media. . .................- .001
Malten Heat Transfer Salts. ... .. ... . .o .0005
T.2.43 FOULING RESISTANCES FOR CHEMICAL PROCESSING STREAMS
7-2.431 GASES AND VAPORS
ACIA GBS . ot et .001
SOIVENE VBOOTS . o oo e 001
Stable Overhead Products. .. .o 001

140 * STANDARDS OF TUBULAR EXCHANGER MANUFACTURERS ASSOCIATION \
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SECTION §°

Thermal Standards

T-2 FOULING RESISTANCES—(CO

T-2.44

1-2.45

T-2.432 LIQUIDS

MEA & DEA Solutions
DEG & TEG Salutions
Stable Side Draw and Bottom Product
Caustic Solutions

Vegetabl

Natural

tinued)

Qils .. ..

as

Overhead Products

7-2.442 LIQUIDS

Lean Qil
Rich Qil
Natursi

Atmosph
Light Na
Vacuum

Overhead Vapors

T-2.452 CRUDE & VACUUM LIQUIDS

FOULING RESISTANCES FOR OiL REFINERY STREAMS

7-2.451 CRUDE & VACUUM UNIT GASES AND VAPORS
eric Tower Overhead Vapors

phthas . .. . . .. e
................................ .002

.002
Qo2
001
.002
0Q3

FOULING RESISTAMCES FOR NATURAL GAS-GASOLINE PROCESSING STREAMS
T1-2.441 GASES5 AND VAPORS

.001
o0

.002
001
001

001
.001

Crude Qil .
0-199°F. 200°.299"F.
Velocity Ft./Sec. Velocity Ft./Sec.
Under 4 Under 4
2 2-4 and Cver 2 24 and Over
ry 003 002 .002 .003 .002 002
saitt 003 002 002 005 004 .004
300°-459°F. S00°F. and Over
Velocity Ft./Sec. Veiacity Ft./Sec.
Under 4 Under . 4
2 24 and Over 2 24 and Over
Dry 004 .003 002 .005 004 .003
saitt .006 .005 004 007 .006 .005
t Normally desalted below this temparature range. {f to apply to 200-295°F., 300-499°F., S500°F.
and over)
GasoliMg . .. o e .001
Naphtha & Light Distiltates ... ... .. .......... v .001
KEFOSENE - o o ot e e e e e .001
Light Gas il . ... o 002
Heavy Gas Qil ..... ...... ... .. .... e 003
Heavy Ruel Oils. .. ... . . .005
Asphalt|& Residuum. ... ... L e .010

CH,Q % Fr /57‘)/

STANDARDS OF TUBULAR EXCH

ANGER MANUFACTURERS ASSOCIATION . ]E.

T




SECTION 38
Thermal Standards

|

o e s e

T-2 FOULING RESISTANCES—(Continued) T
~ HRE fB
1-2.453 CRACKING & COKING UNIT STREAMS

Overhead WapOTS .. «.ooii v me e 002

Light Cycle Oil . ... oer oo .002

Heavy Cycle Qi ... ......... e e T .003

Light Coker Gas Oil. ... ..o v 003

Heavy Coker Gas Oil .. ... .. ...y 004

Bottoms Slurry Qil (414 ft./sec. minimum). . . ... .003

Light Liquid Products .. ... ..o eve 002

1-2.454

T-2.455

1-2.456

CATALYTIC REFORMING, HYDROGCRACKING, &
HYDRODESULFURIZATION STREAMS

Reformer CHAIEE ... . vveer o omn i mm e .002
Reformer Efffuent - . ... e .001
Hydrocracker Charge & EHlLent®® . .o .002
ReCYClR GaS . . ..o .co1
Hydrodesulfurization Charge & EHluBnt® S . . e .002
Overhead VAPOS . .. cooowrn oo onn e .001
Liquid Product over 50° APl ...... L e .001
Liquid Product 30°-50° APl .. .002

"ta'epending on charge characteristics and storage heistary- charge resistance may be many hmes
‘this wvalue,

LIGHT ENDS PROCESSING STREAMS

Overhead Vapors & Gases. . ... ..o oo- e .00l
LiQuit PrOQUCES . . oo oo e .001
ABSGrption QIS . ..o .002
Alkylation Trace Acid Streams. ... .. UUEP P EPPENPPE 002
RebDOHEr SEIEAMS . .. oo vm e s .003
LUBE OIL PROCESSING STREAMS

Feed SHOCK . oo vt e 002
Soivent Feed MiX. . . .. it .002
SOIVEMT . o o oo e et e e 001
EXtracty . e .003
RaffiNate . o o oo .001
ASpRAIY L e .Q05
Wax Slurriest . . e 003
Refined Lube Qil. . o oot 001

t Frecautions must be taken to prevent wax deposition on cold tube walls.

-
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ArEe’ (14) .

SECTION 1¥
General Information

TABLE D-7

CHARACTERISTICS OF TUBING

Sq. Ft. 5q Ft. Weight
External Internai | Per foot
Tube Iniernal Surface Surfage Langth Tube M taf | Secti Radius of 0.0, Transverse
0.0. WG Thickness Area Par Foat | Per/Foat Stael 1.D. Inertia Modulus { Gyration | Constant -— Metai Arsz
laches Gage Inches 5q. Inch Langth Length Lbs.” tnches Inches? Inches? Inches (=L LD, 5a. Inch
| 22 028 0295 0655 508 066 Bt 00012 00038 ¢ 15 1.289 0195
% - 02z 0333 06355 539 054 206 00011 00083 Q810 2 1214 Q153
W % 018 D360 0655 045 214 00009 20071 0824 36 £.188 013l
W n Gl 0373 0655 570 .40 218 00008 00064 L] L146 (134
] 13 .49 0803 072 A7 2n 00063 0038 Tlie4 1.354 0502
#H D35 0731 0982 -.pres A7 305 00055 o02¢ 12i3 L4 1233 0374
% 2 028 0733 0982 PB3S 104 19 A046 0028 phes) 128 1176 1305
] 1) 2 0860 867 083 A3 00033 il 1248 1133 (1)
) 16 065 1078 1308 9 302 a0 2 1556 168 1,381 0888
e 13 049 1269 1308 1052 236 .402 0018 72 1 198 1244 0834
% 035 14£2 1126 174 430 214 0S8 1649 227 1.163 gs11
] 22 ] 1548 1309 1162 141 e 012 0] 1671 24 L126 0415
% 12 109 1301 1636 1056 2 .£07 0061 0197 1264 03 1536 m
£ 13 095 1486 1636 1138 537 435 .00s7 0183 232 1437 58
) 14 .ga3 1655 1636 1202 479 459 0053 0170 1938 bt 1.362 41
% 15 a7 L1817 1636 125% 425 Akl 0049 0156 un 283 1.293 2%
] 16 065 1924 1636 1296 3 495 0045 0145 1993 300 1.263 11}
o] 17 058 2035 1638 1333 350 509 0042 0134 018 317 1228 03
b} 18 9 2181 1636 303 527 0037 o118 2043 380 1.198 089
% 19 D42 288 1636 1418 2 541 09033 o148 2068 358 1195 a7t
% 0 035 2418 1836 1453 221 555 0028 ] 2088 n 1126 D85
% 10 134 Bl 1963 1262 284 482 M 0344 A8 1546 260
k] 11 126 2043 1963 133§ 8 310 0122 Q326 2257 319 1471 38
¥ 12 108 2223 1963 1393 748 532 01 9309 M7 1410 20
% 13 5 2463 14963 1466 360 107 0285 2380 384 1.339 96
H i4 3 2679 1962 1529 592 584 .bosd 0282 2376 413 1.284 74
% 13 0r2 2884 1963 [ 1587 520 606 0049 2410 450 1238 153
# 16 065 3018 1963 1623 A76 820 0221 2433 471 1.210 1
% 17 058 3157 1963 1660 A28 B34 0076 3 2455 492 1.183 126
¥ 18 9 3338 1963 1707 367 452 0067 o178 521 1150 102
Y 035 3632 1963 1780 268 680 134 2532 7 1.103 079
¥ L] 165 3526 2618 1754 1.462 £70 0392 QTEL 3009 550 1492 2
1 " A3 4208 2618 1316 1.237 132 0350 0700 Q38 556 1.366
1 11 120 AS36 2618 1129 JB0 0327 0654 3140 708 1315
1 iz 108 4803 261 7 1.037 182 Q30?7 0615 314 J48 1.27%
1 13 095 5153 2618 2121 818 10 Q280 3217 304 1.235 -
1 14 083 5463 2518 2183 813 A3 0253 057 3255 852 1,189 239
1 15 72 5755 2618 2241 18 - 35k 0227 0455 3291 ] 1.187 210
1 18 065 5945 2618 2278 649 70 g210 M1 3314 927 1149 191
I 18 048 6390 2618 2361 495 502 D168 2 3366 7 1.109 146
i 20 038 .§793 2618 2435 350 930 o124 Q247 3414 1060 1,075 1t
% 7 180 L6221 2n 2330 1087 480 .03%¢ 1425 3836 1.404 £05
14 165 6648 3272 2409 1.821 920 0847 135% 1037 1358 355
T 10 134 1574 iz 2571 1.5988 982 0741 1138 3974 1182 1.273 A7
1% 1t 20 A0l2 Rz 2644 1.448 1414 0681 1100 1250 1238 426
1% 12 109 8363 3272 2702 1323 1.032 D642 127 4052 1305 L.211 391
1% i3 .095 8825 3272 2775 1113 1.060 0579 0926 4037 1377 1173 385
1% 14 043 9229 1931 1084 052t 2833 4138 1449 1.153 304
14 6 065 9852 3272 2332 823 1120 0426 0682 4196 1537 LIS 242
1% 13 049 1.042 2712 3016 529 L.152 3334 0534 4250 1628 1.085 185
1% 035 1.094 27 3089 456 i.180 0za7 0335 4297 1707 1.059 i34
iH 10 A3 L1492 3927 1228 1.955 1.232 1806 4853 1350 1218 515
1% 12 109 1241 3927 1356 1518 1.282 1158 4933 2014 L3 475
1 14 083 1358 3927 3492 1,258 133 093l 1241 5013 2181 1.12¢ 370
3 i6 65 PAT4 3927 1587 9 L3 4756 1 5079 229% 1.095 293
2 1l 120 2433 %236 4808 2410 1.760 24 3144 ’ 3785 1138 J‘Og
2 12 108 2494 5236 ABBS 2.201 f.ra2 2904 2304 5637 i 112 b7
2 13 095 2571 5216 AT 1934 1.810 2586 2586 6744 4014 1.10% 563
2 14 483 2642 5236 4301 1699 1.834 2300 230 5784 4121 L.0%0 500
* Weights are based un low carbon steei with 3 density of 0.2831 [hafcu. in. For other metais muitipiy by the falowsng factors:
AU, . et e R 0.35 Mickel-Chiome-iran..... .. ... 107
THARIUM. . ot 053 Admiralty ... .o .- 1.08
A.1.5.1. 400 Series Stainless Steels. . ... ... 0.9% Nicked and “hckal-Capper. . . 113
A.1.S.1. 100 Sertes Slarniess Steeis ... ... i02 Coppar and Lupro-Michals. ... .. L1+
Algminum Srenze, .. 104
Aluminum Brass. . ................. e 1.06
. Lbs. Per Tube Par Hour
* Liquid Velority » ———————————— in feet per sec. (Sp. Gr. of Water at60° F. = L
C x Sp. Gr. of Liquid
-
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|
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PROJECT SPECIFICATION |:
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SECTION 5

Mechanical Standards TEMA Class “R” Heat Exchangers .

R-2 TUBES— (Continued)

R-2.4 TUBE PATTERN

Standard tube patterns are shown in Figure R-2.4.

FIGURE R-2.4
30° 50° 90" 45°
5>
Triangular Rotated Square
Triangular Rotated
- Square

Note: Flow arrows are normal to the

R-2.41 SQUARE PATTERN
in removable bundle units,
pattern, tube lanes should
R-2.42 TRIANGULAR PATTERN

Triangular or rotated trian
be cleaned mechanically.

R-2.5 TUBE PITCH
Tubes shall be spaced with a mini
diameter of the tube. When tubes
shall be provided. Tolerances shov
R-2.6 TUBE LAYOUT

The tube layout should minimize by

baffle cut edge.

when the tubes are laid out on a square or a rotated square
be continuous throughout the bundle.

gular pattern should not be used when the shell side is to

mum center-to-center distance of 1.25 times the outside .
are on a square pattern, a minimum cleaning lane of 34"
'n in Paragraph R-7.2 will apply.

-passing around the tube bundle. See Paragraph R-4.8.

24 o
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i
1

R

FIXED

BE SHEET -l

Uy -4

N

[ E

TERNALLY
"‘PACKED
"LOATING
. HEAD

.

1)"- TUBE
EMOVABLE
BUNDLE

COUNT TABLES

The Tube Count Tables on these
pages may be effectively applied
with the type of heat exchangers
depicted above.

The number of tubes shown is the
optimum number of tubes that can
be installed in the size and type of
heat exchangers listed. These tube
counts are based on TEMA nominal
baffle and tube-to-shell clearances
and TEMA bundle entrance and exit
area requirements. The shell side
nozzle sizes are approximately 1/5
of the shell diameter with an
impingement piate beneath the
entrance nozzie and a_eV* value of
1500 in the nozzles.

FXED
TUBE SHEET

DUTSIDE PACKED
FLOATING HEAD

§0. OF PASSES

NO. OF PASSES

14068

13732

1002!
1140}

1282
1608
1840
2086

2312
2640
2930
3272,

762
4320
5470
6846




1
|
| ' I l NUMBER OF TUBES |
: =
o |
S . 4 |
= i
: FIXED OUTSIDE PACKED FIXED OUTSIDE PACKED S
' sH TUBE SHEET FLOATING HEAD D-TUBE SHi TUBE SHEET FLOATING HEAD U-TUBE :
) 1%L lEnLL
(INGHES NO. OF PASSES 0. OF PASSES NO. OF PASSES (INGHES NC. OF PASSES NO. OF PASSES NO. OF PASSES I i';;
1 11 2] 431 s 1| 2| 4« | s 2| 4| 8 1] 2| 4« s @ 1| 2] 4| 2468 ’--*v*
61725 229] 220 08| 184} 2041 192 175] t64@ 940 90| 80 1705 B 203 192| 180 176§ 180| 168| 160} 14s@ 80 82 76 =
i 1925 § 283 272| 260| 248 260] 250 2281 212 120 114f 110 1925 [ 251 | 240 228 220 Q 226| 216| 204 2040 103) 104| 100 PR =
v 2125 & 3501 334 324| 300 322 30| 292| 268[ 149 142} 132 2125 K 300] 204( 288 256 [ 276 272| 264 228 130) 128 114
{ 2325 §| 426] 406] 392( 364§ 304| 382] 364 236§ 183] 176] 162 2125 [ 3681 360] 356| 324 | 340| 336] 3241 304§ 162| 160[ 146
§ 2500 8 491| ave| as2| 420 4s50f 440| 412| 384 217( 208 192 200 B 4261 400) 392| 380 [ 308) are| 360 3440 190] 180 172
« 2700 M 575! 562 s32| sooff 537 524| 492 45| 256 248 228 s7o0 B sos] 47z 4ss| 456 | 4ce| 442} 432 4200 228) 214) 212 ‘
; 2000 | 674| 650| 620| G0 6233| 610) 3580 55208 299 290 280 sao0 @ 592 s60| 540 532 | 550| 520; 508| 48529 268| 256) 246 (
P30 § 71| Tes| mzy 672 7T27| 704 66| 628 347| 336} 314 3700 B 570 648| 626| S84 @ 627| 610] 592| 556 298| 298] Z78 @@
2 w00 )| ers| ss2| ezo| 7es§ 827| mz) 778| 720 394 366 360 9900 B 767| 740] 7201 680§ moi 700) 680| 548 342| 342) 322 I
! a5op B o85| os0] 928 896 934| w14| 876| a<c 443 438! 428 3500 B s7o| 840l s2a| 776 | 16, 802] 784 7aGQ 392 390( 366 W gt
£ 37.00 § 1109| 1074| 1044 | 1016 [ 1052 | 1026 84 052 521( 4921 484 3700 [ 972 944 928| 912 o271 900 | &84| 4baR 444 438 432
s 3900 §1234| 1236; 1192| 1144 § 1179 11721 1128 1080 583! 568( 542 a5.00 [ 10851 1064 | 1038 | 1020 Jf 1036 | 1014 | 982! 968l 408) 498] a8 % |
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PROBLEM NO. 6 SOLUTION

s, = (Ga/e ' capy)

G, = G3/2

sp, = (61/261)1-8 (3)
= 58 @

AP, = 0.86 psi
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Shellside Flow Distribution
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Shell 10 Tube Closure
and Tubeside Joint

A

Return Band
Housing Construction

R T o gy toettyrtes

When ordering parts, furnish serial pumber as shown on the nomeplate and designote
parts required by number and name os shown in the following tables. (

B
AEECUERRAR LR /

ALY AN e

—f e

Shell Assembly

Tube Assembly

Cover. Plate
Compression Flange
Sealing Ring )

Split Ring |

Fintube Fitting Flange
Fintube Stub End Fiange

Tube Return Bend Connector

Shell Nozzie Companion Flange
Cover Piate Bolting
Tubeside Bolting

101 It

15. Shell Nozzle Bolting
16, Brocket Boits

17. Cover Gosket

18. Fintube Gasket

19. Shell Nozxle Gosket
20. Nomeplate

RECOMMENDED SPARE PARTS INVENTORY
PER SECTION

Two Cover Gaskets (17} Four Sealing Rings (5)
Four Fintube Gaskets (18) Two Split Rings (6)
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Shell to Tube Closure and
Tubeside Joint of Mulfi-Tube Section

a

T IR A e v T

Shall 1o Tube Closure and

of Mulfi-Tube Section
Tubeside Joint of Single Tube Section

PARTS LIST

When ordering parts, furnish serial number as shown on the nameplate ond designate
parts required by number ond name os shown in the foilowing tables. :

A

"
e

3 (o J 0) ! . ~.
@@E&cg— o
1. Shell Assembly 14, Brocket Bolts
2. Tube Assembly : 15. Cover Gasket
3. Cover Plate 18, Nazzle Gasket
4, Sescling Ring 17. Naomeplaote
5. Split Ring
&. Fintube Stub End Flonge
7.
8. > Tube Return Bend Connector RECOMMENDZD SPARE PARTS INVENTCRY
9. PER SECTION
:? ihel} N:izz.l‘e BCc;frrnpuu.:on Flonge | Two Cover Gaskets [15)  Four Sediing Rings (4)
- Lover Fa.® Boling Two Split Rings {5}

12. Tubeside Bolting
13, Shell Nozzie Boiting
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Shell to Tu‘be Closure and Tubcs:de Jomt of 3"
‘ Low Pressure Section.

et - SRR -

SheH fo Tube Closure and’ Tubendo J’omt of l" Mu.'l'n‘-
tube aned Law Prusure Soctwn L

~ The full fioating U-tube bundie compensates for the
differential shel-lube expansion.
Only one casting isused in a Bas-Tex section and it is
- of simple design.
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conservative through bolted de-
sign. Whenthe bonnet is removed

the U-bends of the tubes aré
- completely exposedto permit full
fIieId inspecti?n.
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Double pipe fintube heat exchangers
Bas-Tex double pipe exchangers
feature the patented Bas-Tex closure —
a combination of external split flange
and compression ring flange — for easy
reroval and positive alignment.
Through-bolt design cuts maintenance.

Multi-tube hairpin heat exchangers
These exchangers also feature the
Bas-Tex patented split flange closure for
easy removal of tube bundle. Quality
construction assures dependabitity and
long life in high and low pressure ser-
vices. Full range of sizes for most
applications.

Line and Suction heaters

Efficient for all viscous fluids. Features of
Bas-Tex heaters inciude: heavy wall-12
BWG longitudinal fin tube surface, tapped
and through bolted tube sheets which
permit removal of bonnets without disturb-
ing the shell seal, rugged full penetration
welding, and ASME Code and TEMA "~
Construction. A wide range of temperature-
pressure ratings is available.

Horizontal and vertical fintube tank
heaters

Bas-Tex design provides better steam
dispersion, greater heating surface.
Fewer welds mean lower maintenance
and longer trouble-free operation. Comn-
pact design saves space, displaces
less product. Both horizontal and
vertical models available for a wide
variety of applications.

Fintubes and custom egquipment
Bas-Tex method of resistance wetding
assures welded fins in one piece with
the tube, with maximum resistance to
thermal shock. Available in carborm steel,
stainless, monel, inconel, nicket and
other weldable metals in a full range of
sizes.
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— OBWDUSLY USED WHERE WATER. IS Grakce

= OFTen USED IN TANDEM WITH WATEL.
TRm CoeolER_

-  CAN BE EcolpmMicAl EspaciALL
| WHERE @’.E}L SEA WAtER s AVAILASLE

-  Two TYPpPEs C\%Aswu.bj)
‘ o

- @ FohCcED bﬁAFT’ thrH A BELow Tips BMDZE)

/4(1( IS F‘ﬂ—CED oR_ ?05#&'9 A.w_;_( 7:‘35_5

Z ’
— (& INDUCED DRAFT (w,m AN ABOVE Tage BM&QS)

Pt 1s Pulled Acgess Tupeg

I




b >3

 Sod—— Sy Sv——

|

. z o) = 0 .
d . (A) FORCED DRAFT (8) INDUCED DRAFT

' 1. Tube bupdle. 4. Supporting column 7. Fan ring.

- . 2, Header. 5, Plegum, - 8. Fan deck.

: 3. Nozzle. : 6. Fan 9, Drive assembly. |
- : FIC. 1—Typical Components of an Air-Cooled Heal Exchanger.. :
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1. Tube sheet, 7. Stiffener. 12, Tube support cross-member.
2. Plug sheet - 8. Plug. 13. Tube keeper.
3. Top and bottom plates. 9, Nozzle. 14, Vent.
4. End plate. 10. Side frame. 15, Drain.
5. Tube. | 11. Tube spacer.. 16. Instrument connection.
6. Pass partition _ ) .
FIG. 5—Typical Construction of a Tabe Bundle with Plug Headers. .
exvigT TIC :

i T
!
j T
: r..‘::.:‘ gtk Rapimyloplgul— oo iy
i | rm————— e o o o e e i e b et |
i "
| L &
1 PANEL PLENUM ' TRANSITION PLENUM
: {A) FORCED DRAFT
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(B) INDUCED DRAFT
FIG. 6—Typical Plenum Arrapgements.
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{A} REMOVABLE - COVER-PLATE HEADER —
13 p [ 5} |
%
/ i :
1
- { { l” Z 1 i_ e
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[T | fj o 1.1 { St 5 I y
7 3
{ A s ¥ _J :]
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(B) REMOVABLE —BONNET HEADER :
1. Tube sheet. 6, Pass partition. 11, Tube support cross-member, f
2. Removable cover plate 7. Gasket. 12. Tube keeper.
3. Removable bounet, 8. Nozzle. 13. Vent.
4, Top and bottom plates. 9. Side frame. 14, Drain.
5. Tube. o 10, Tube spacer. 15. Instrument connection.
¥FIG. 3—Typical Construction of Tube Bundles with Removable-Cover-Plate and Removable-Bonnet Headers,
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{A) STUD CCNSTRUCTION

fa) FLANGED CONSTRUCTION

FIG. 4—Typical Confined Gasket Joint Details.
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DIRECT RIGHT -ANGLE GEAR DRIVE V-BELT DRIVE Xé \b

‘ 1= p 4 —[
¢ =)
S ! 1
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® ‘ ' |
1 1
A L -l B
‘: DIRECT MOTOR DRIVE RIGHT-ANGLE GEAR DRIVE WITH FAN SUPPORT
SR
-
:Ir: 1 I j[ ][: | K :1[
- \_J
TOR-SUSPENDED V-BELT DRIVE BOTTOM=~SUSPENDED V-BELT DRIVE
1. Fon. 6. V-belts,
2. Grar, 7. Moter,
2 Cevytirg Lo Trirae
4. Eearng. . 3ase plite.
5. Sheave, 10. Fan support.
. FIG, T—=Typical Drive Arrangements.
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. The Coverplate Header design finds its greatest use in high fouling conditions
Coverplate where more complete access to the tubes and headers is required. This design

Header is applicable to installations of moderate pressures. It is available in single
or multiple pass designs, with drains for each pass.
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“The Maznifold Header is an sll-welded design and is particulasly adaptable
to high pressure service, It is available in single of multiple pass designs that
Manllold can be furnished in self draining and self venting types. The unit is available

Header with welded or Banged connections.
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EXHIBIT B

s

SEVERAL TYEES OF TINMNED TUBING USED IN_AR_SOJLED
HEAT EXCHANGERS
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Closures for High PresSure Service

FLAT GASKET CLOSURE

SEAL WELDED DIAPHRAGM CLOSURE
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" PROJECT SPECIFICATION
‘m NUMBER REVISION
. Process Division « UOP Inc, — 401 —
20 UOP Plaza — Algonquin & Mt. Prospect Roads » Des Plaines, IHinois 60016« U.S.A.
SHEET OFf
TUBULAR EXCHANGERS BY APFD
DATE
-
% SUGGESTED DESIGN: _TYPE "MODIFIED DEU" EXCHANGERS
i
gé
F
{8
28]
BE
’% Channel
[H3 |
5 X
g8 i K,
% B 5ﬁ7 — 1l Partition and sealing
Hle i: - /plar.e bolt_ed in place
E 1 .
S —— ==z Channel cover
. =3 Tubes Seal welded :
2 “ - \ L diaphragm
H1s 4
it
-
13 \ A+
é .E. Shell

Tubesheet bolted to
inside of channel

ded in a

by writien permission or as provi
]

— Theee data are confidential and the propatty of UOP Process

'y purpose whatsoever except
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PROJECT SPECIFICATION
w Inc. NUMBER REVISION _
Algonquin & Mt.Prospect Roods - Box 5017« Des Pialnes, Ninols  600I7-507 = LLS.A. — 4|6 - j@b ‘
| SHEET OF
WELDED PLATE TYPE EXCHANGERS > - &
1" )
PACKINEX OATE
Lg TYPICAL ARRANGEMENT FOR WELDED PLATE EXCHANGERS ITEM NO.
[ ]
i REACTOR COMBINED
o EFFLUENT FEED
EC INLET ?DUTLET
Hs 3
E% R —
N I{m]!
5 1
He [
%
wt
! L e R \
] £3 i )
Ob | ]
20 e ] 1
EE I !
8w \ l
He A e
2% 5 i
gi . ! WELDED !
£ |- + PLATE PRESSURE
3 .
2, | BUNDLE | |~ " vesseL
g5 : :
n_'g _— ] ]
St ! !
' ] 1
1 '{;§ 1 '
‘ 2§ |- ) \
EE i 1
8% |- | : '
£ 4 A
=% i ]
-4 | H 1}
5 N R - LIGUID
i FEED
§§ || \ INLET
g2 | N
o8 |
i v ¢
e YCL
- gf REACTOR REEAg £
™~ e EFFLUENT INLET
g Wy OUTLET
c 2%




HIGH FLUX TUBING

e POROUS METAL FILM APPLIED TO L.D. OR O.D.OF TUBES.

CROSS SECTION OF
HIGH FLUX SURFACE
(100 X)

e IMPROVES BOILING COEFFICIENT 10 X OR MORE.
USED ONLY IN BOILING SERVICES.

¢ IMPROVES OVERALL TRANSFER RATE 2 ~ 4 TIMES

® AVAILABLE IN MOST ALLOYS. MAY BE COMBINED WITH
FLUTED CONDENSING ENHANCEMENT.

® WIDELY APPLIED IN PETROCHEMICALS, REFINERY AND REFRIGERATION
INDUSTRIES.

@ RESISTANT TO FOULING - OVER 1,700 UNITS IN SERVICE.

® REDUCES CAPITAL OR OPERATING COST OF EXCHANGERS.
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TABLE 1:. COMPARISON OF ORIGINAL AND REVAMPED DE \
TeEM BARE TUBE REBOILERS HIGH FLUX REBOILERS
E-72 A8
As Designed Actual Operation As Designed Max, Expected
{1969) (1980) {1981)
Heating TCR Flow Kg/Hr 488,800 349,250 349,250 349,250
*
TCR Inlet Temp “C 149 143 143 143
TCR Cutlet (*Q) 126 120 110 106
Depent. Boltoms *C 103 g7 973 973
. Overall AT*C 3.1 33.2 258 223
Reboiler Surface, M? 484 - 484 484 434
Overall U, K cal/Hr M2C 429 305 _552 m
Reboiler Duty MM K calfHr 6.875 a908 ¥ e85 ¥ 7.701
SIMPLIFIED
FLOW SHEET,
CD6 UNIT, Al B Gy
TO
~ DEASOPENTANIZIR
sV
RIS
envorfeCh ow f
TOWER ~ . WYDAOTREATID
j’ WCFEASE 03 e I A
#aofe iy ]
I DUTY . G > %
o YT | &
H (- Fw K CrUDL
@ .
e g {3 CASOMEXANIZER
e REJD
HIGH FLUX
AEBOILERS




HIGH FLUX REBOILER APPLICATION IN UOP PARA-XYLENE (PAREX) EXTRACTION SYSTEM

ITEM UNIT A UNIT B
LocaTion FRANCE USA
RerolrLer Size * 1-65°x240" 2-53" 2"
BoiLing XYLENES + EB XyLenes + EB
CONDENS ING TouueNe ToLUENE
HeaT Duty s Bru/Hr 45.0 71.8
ExcHANGER ORIENTATION Ve Hor1zoNT

——— ..
OveraLL U Bru/h Fr2 °F 185
Tuse Tvee + .~ 0D Furen (16") 0D Coatep
N ID |CoATED
Bener1v FueL Savimes FueL Savines
STARTUP ¥/ 1982
#* IF BARE 10D TupEs .

O-VAWE APROK, BS BIHRFr™ . )
REQURE 2 | EXCHAMGERS EACH APPROK ! (5 x40
R 4 «“ " « 487x240"




SOLUTION TO PROBLEMS

PROBLEM NO. 1 SOLUTION

D = 0.782/12 = 0.0652 Ft.
- 125,000 x 2 x 144
G = 2 = -ft2
178 = 0.4803 585,572 1bs/hr-ft
X FDG)O-B . (0.0652 x 585,572 0:8 .
e M - 2.42 x 0.47
b .
” (cpg)o - (0.51 x 242 x 0.47)0'4 = 2,22
% = \K 0.0793
hy x 0.0652
= St 77 - 0.023 x 4,176 x 2.22
. A{w 0.0793 023 % 8,176 x
. 0.0793Y
he = 0.023 x 4,176 x 2.22 (0_0652)

259 (TVBE SWE TRAVSFER € ot F s ENT)

it

= 1/hge 1/259 = 0.00386 (MR FriyfB7

rf
(
(wef S Frim RE 515 7aCE )




PROBLEM NO. 2 SOLUTION

From figure on page 146 of TEMA {

to - t1
Ty - 11

= 105 - 85
144 - 85

= 0.34

From figure,

Appendix 'C'")
Tl = 144
I, = 125
R= T1-7T2
t2-t
= 144 - 125
105 - 85
= 0.95
0.955

(MID Correction factor)

R

o
144 ;—_—:125 *19 .z
o5 «— $5 =20

T
R~ 0%¥%
7 =034

|'~ F 50'955-

6




PROBLEM NO. 3 SOLUTION (From TEMA Charts: Appendix 'C')
t; = 294 Tl = 178
ty = 210 T, = 242
P = t2 - tl R = Tl - TZ
Tl - tl tz - tl
P = 210 - 294 R = 178 - 242
178 - 294 210 - 294
= (.72 = 0.76
l‘ F for one shell = ¢ 0.5; mno good.
T for two shells in series = 0.87

Therefore, two shells in series are required.

o

R _: o co> 20 = 8 13

— asp <718 = L g0 =F
nz0.998
i SERIES)
(— rgqaifu(
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PROBLEM NO. 4 SOLUTION

ZONE 1 330 — 248 (Q/MID); = 10,500,000
270 «— 173 = 67.2; 67.2
60 75
= 156,205
ZONE TII 465 — 330 (Q/MID) ;1 = 10,000,000
340 «— 270 = 88.6; 88.6
125 0
= 112,920
ZONE III 640 ~— 465 (Q/MTD) ;17 = 14,500,000
535 e~ 340 = 114.7; 114.7
105 125
= 126,411
ZONE IV 804 —= 640 (Q/MID);, = 15,000,000
710 e 535 = 99.4; 99.4
94 105
= 150,910
ZONE V 986 —804 (Q/MTD)y = 17,630,000
894e—710 = 93.0; 93
92 94
= 189,570
S(Q/MID) = 736,020
QTOTA L
Uncorrected Weighted MTD = 67,630,000 = 91.9 F = 5
736,020
&l
Uncorrected Straight Line MID:
986 — 248 :
Bo4=—173 = 83.2 (Versus 91.9°F for WID, MID)
92 75 :




PROBLEM NQO. 5 SOLUTION

R, = 1/Up Ry = tf, 4 rd 4+ rm+ rf + rgl
= 1/50 0.02 = rf, + .00l + .0004 + .002(1.284) + rf)
= £ f _
R, = 0.02 el + i - 0.016
y g
If we assume rsl = rtl =| ,008 | s S 14“
and Gy = Gy/2 d 14
then rf = (ZGl 0.6 rf L A &
S9 - s1 .
Gl ¥
= ()0-6 (.008)
= 0.0122 ~~|--- (A |
£ _r 261 0.8 5
and rtz = EI_) rsl

(2)-8  (0.008)

il

1

0.0139 ~ ~ - - ---{B)

Summing up Resistances:

rf, = 0.0122 =)
rd = oc.0010
™ = 0.00047 SAME AS BEFeRE
rd = 0.0026
g, T Q0139 - o)
i . : R, = 0.0301

U, = 1/0.0301

THEREFORE: U, = 3

LA




