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. INTRODUCTION

1. WHAT IS A HEAT EXCHANGER?

It is equipment that transfers heat energy from one fluid (or more) to another fluid (or more) without
mixing it. '

Example. Automotive radiators are a common example, where heat from the hot engine water is
pumped through the radiator, while air is blown through the radiator tins. The hot engine water's heat
energy is transferred to the air, thus keeping the water at the right temperature, to keep the engine
from overheating. Most automotive radiators are liquid-to-air heat exchangers.

Other types of heat exchangers are common in everyday equipment such as boilers, furnaces,
refrigerators and air conditioning systermns. In fact, every air conditioning system and refrigeration
system has at least two heat exchangers one for the cooling side, and one o expel the heat. There are
three main types of heat exchangers, defined by their construction or body types: shell and tube, plate,
and air-cooled.

2. CLASSIFICATION OF A HEAT EXCHANGER ACCORDING TO FLOW

Because heat exchangers come in so many shapes, sizes, makes, and models, they are calegorized
according to common characleristics. One common characleristic that can be used to categorize them
is the direction of flow the two fluids have relative to each other. The three calegories are parallel flow,
counter flow and cross flow.

Parallel flow exists when both the tube side fluid and the shell side fluid flow in the same direction. In
this case, the two fluids enter the heat exchanger from the same end with a large temperature
difference. As the fluids transfer heat, hotter to cooler, the temperatures of the two fluids approach
each olher. Nole thal the hottest cold-lluid temperature is always fess than e coldest hot-fluid
temperature. ‘
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Counter flow exists when the two fluids flow in opposite directions. Each of the fluids enters the heat
exchanger at opposite ends. Because the cooler fluid exits the counter flow heat exchanger at the end
where the hot fluid enters the heat exchanger, the cooler fluid will approach the inlet temperature of the
hot fluid. Counter flow heat exchangers are the most efficient of the three types. Ih contrast to the
parallel flow heat exchanger, lhe counter flow heal exchanger can have the hollesl cold fuid
{emperature greater than the coldesl hot-fluid temperature.
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o Cross flow exists when one fluid flows perpendicular to the second fluid; that is, one fluid flows
“ through tubes and the second fluid passes around tha tubes at 90° angle. Cross flow heat exchangers

are usually found in applications where one of the fluids changes state (2-phase flow). An example is a
steam system's:condenser, in which the steam exiting the turbine enters the condenser shall side, and
the cool waler flowing in the tubes absorbs the heal from the sleam, condensing it into waler. Large
volumes of vapor may be condensed using this type of heat exchanger llow.
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3. Comparison of the types of Flow

Each of the three types of heat exchangers has advantages and disadvantages. But of the three, the
counter fow heal exchanger design is the most efficient when comparing heat transfer rate per unit
surface area. The efficiency of a counter flow heat exchanger is due to the fact that the average T
(difference in temperature) between the two fluids over the length of the heat exchanger is maximized.
Therefore the log mean temperature for a counter flow heat exchanger is larger than the log mean
temperature for a similar parallel or cross flow heat exchanger.

In actuality, most large heat exchangers are not purely parallel flow, counter flow, or cross flow; they
are usually a combination of the two or all three types of heat exchangers. This is due to the fact that
actual heat exchangers are more complex than the simple components shown in the idealized figures
used above to depict each type of heat exchanger. The reason for the combination of the various types
is to maximize the efficiency of the heat exchanger within the restrictions placed on the design. That is,
size, cost, weight, required efficiency, type of fuids, operating pressures, and temperatures, all help
determine the complexity of a specific heat exchanger.

One method that combines the characteristics of two or more heat exchangers and improves the
performance of a heat exchanger is o have the two fluids pass each other several times within a
single heat exchanger. When a heal exchanger's fluids pass each other more than once, a heal
exchanger is called a multi-pass heat exchanger. If the fluids pass each other only once, the heat

! exchanger is called a single-pass heat exchanger. See Figure 6 for an example of both types.

Commonly, the multi-pass heat exchanger reverses the flow in the tubes by use of one or more sels of
"U" bends in the tubes. The "U" bends allow the fiuid to flow back and forth across the length of the
heat exchanger. A second method o achieve multiple passes is to inserl balfles on the shell side of
the heat exchanger. These direct the shell side fluid back and forth across the tubes to achieve the

" multi-pass effect.
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Il. HEAT EXCHANGER TYPES

1. SHELL & TUBE HEAT EXCHANGER

The most basic and the most common type of heat exchanger construction is the tube and shell. This
type of heat exchanger consists of a set of tubes in a container called a shell. The fluid flowing inside
the tubes is called the tube side fluid and the fluid flowing on the outside of the tubes is the shell side
fluid. At the ends of the tubes, the tube side fluid is separated from the shell side fluid by the tube
sheel(s).

The tubes are rolled and press-fitted or welded into the tube sheet to provide a leak tight seal. In
systems where the two fluids are at vastly different pressures, the higher pressure fluid is typically
directed through the tubes and the lower pressure fluid is circulated on the shell side. This is due 1o
economy, because the heat exchanger tubes can be made to withstand higher pressures than the
shell of the heat exchanger for a much lower cost.

The support plates also act as baffles to direct the flow of fluid within the shell back and forth across
the tubes.

DRAINS INLET

‘_:

AIR VEHT
SAFLTY VALVE

STEAM TR

STEAM THLET
J

DRAIN FLOW L
N FL , ‘ \K_‘-‘, _»'v]’./ IMITHGE MEFT PEATE
SUPPORT PLATES = Yo
AT B 5 DRAINS
g N | } .~ OUTLET
*f,.""'-;'- S Vo
G - Yy FOEDWATER
S : n"ou TLET.
) / (Y
TUBE SHEET §
v [
EEDWAILR
WAITR BOY - HLET
DIVIDFR PLATI G
; WATER BOX

Page 7 of 124



.-~ By: Eng. Mohamed A. Ebeid

‘Shell and tube (or tubular) heat exchangers are used in applications where high temperature and
pressure demands are significant. Tubular heat exchangers are also employed when fluid contains
particles that would block the channels of a plate heat exchanger. There are several types of shell and
tube heat exchangers including U-tube, straight, spiral, and finned tube.

The U-tube design consists of straight length tubes bent into a U-shape. The bundle is fitted with tube
supports or flow baffles, depending upon the fluid outside the tubes. The tube assembly is placed in a
shell to contain the fluid on the oulside of the tube bundle. A head assembly is bolted to the shell to
direct the fluid into the tube bundie. ;

To handle heavy fouling fluids or applications where temperature Cross conditions exist, straight-lube
designs are available (a temperature cross occurs when the fluid being heated has an outlet
temperature that falls between the inlet and outlet temperature of the heating medium). Because of the
straight tubes, the head assemblies can be removed and the tubes can be mechanically cleaned.
Depending upon the tube sheet configuration (fixed or floating) the ability to handle large temperature
differences between the fluids may be limited.

2. AIR COOLED HEAT EXCHANGER

Air-cooled heat exchangers have an integral electric motor or fluid powered fan for cooling / heat
removal of media. Some air-cooled models do not include the fan, but have cutouts for aftermarket
fans. Air cooled heat exchanger are designed according to APH661 & ASME
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3. PLATE HEAT EXCHANGER
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on a frame and clamped together. Each plate is made from "pressable” materials (stainless steel,

nickel, titanium, etc.) and is formed with a series of corrugations. Also included with each plate is an
elastomer gasket. The gaskets contain the pressure and control the flow of each medium. The

gasketed plates are assembled in a pack, mounted on upper and lower guide rails, and compressed
between two end frames by compression bolts. The gasket arrangement of each plate distributes the

hot and cold media into alternating flow channels throughout the plate pack. In all cases, hol and cold
fluids flow counter to each other.

Brazed plate heat exchangers consist of specially formed plates, vacuum brazed together to form a
heat transfer device.

Welded plate heat exchangers require no gaskets; they are fully welded and typically constructed of a
single material (usually stainless steel).

Semi-weld or hybrid plate exchangers consist of pairs of plates that are laser welded together into
cassettes. This allows one fluid to flow in a welded channel and the other to flow in a gasketed

channel.

Page 10 of 124




Heat Exchanger Design Course

By: Eng. Mohamed A. Ebeid

lIl. CODES, STANDARDS, SPECIFICATIONS

z

Standards of the Tubular Exchanger Manufacturers Association
TEMA Eight Edition - 1999

The Standard Of The Brazed Aluminum Palte-Fin Heat Exchanger Manufacturer’ Association

ALPEMA Second Edition - 2000

American Petroleum Institute (API)
AP1 660 Shell and tube heat exchanger for general refinery services
APl 661 Air cooled exchanger for refinery services

Expansion Joint Manufacturers Association, Inc.'
Standards, 5th Edition with 1985 Addenda and Practical Guide to Expension Joints

ASME Boiler and Pressure Vessel Code.

Sec i Material Specifications

SecV Nondestructive Examination

Sec VIH Pressure Vessels — Division 1

Sec IX Welding and Brazing Qualifications

PIPING, FITTINGS, FLANGES, AND VALVES

i

ASME
B31.1-— 1992 Power Piping
B31.2 — 1968 Fuel Gas Piping
B31.3 — 1993 Chemical Plant and Petroleum Refinery Piping
B31.4— 1989 Liquid Petroteum Transportation Piping Systems .
B31.4 — 1992 Refrigeration Piping with 1978 Addenda \
B31.8 — 1992 Gas Transmission and Distribution Piping Systems
B36.19-1976 Stainless Steel Pipe ;
B36.10 M-1985 Welded and Seamless Wrought Steel Pipe
B 16.25-1992 Butt welding Ends
B16.10-1992 Facelo-Face and End-to-End Dimensions of Ferrous Valves
: B16.9-1993 Factory-Made Wrought Stee! Bullwelding Filtings
B16.14-1991 Ferrous Pipe Plugs, Bushings, and Lodmu(s with Pipe Threads
B16.11-1991 - Forged Steel Fittings, Socket-Welding and Threaded .
B16,5 1988 Pipe Flanges and Flanged Sittings, Steel, Nickel Alloy and Other Special Alloys
B 16.20-1993 Ring—Joint Gaskets and Grooves for Steel Pipe Flanges ‘
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MATERIALS

The American Society for Testing and Materials (ASTM) *
1989 Annual Book of ASTM Standards, Seclion 1 tron and Sleel Products

MISCELLANEOUS

International Conference of Building Officials (ICBO)
Uniform Building Code — 1997

Steel Structures Painting Council (SSPC)
Steel Structures Painting Manual

Volume 1, Good Painting Practice

Volume 2. Systems and Specifications

Uniform Boiler and Pressure Vessel Laws Society
Synopsis of Boiler and Pressure Vessel Laws, Rules and Regulations by States, Cilies, Counties and Provinces

(United States and Canada).

Environment Protection
Egyptian Law 4

American Society of Givil Engineers (ASCE)
Minimum Design Loads for Buildings and Other Struclures

ASCE 7-88 (Formerly ANSI A58.1)
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| | STANDARDS OF THE
TUBULAR EXCHANGER

 MANUFACTURERS ASSOCIATION

r EIGHTH EDITION i

(y TURULAR EXCHANGER MANUFACTURERS ASSOCIATION, INC,
T 25 North Broadway

' Tarrytown, New York 10591

- Hichard C. Byrne, Secretary

b ' wwrw. tema.org
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TEMA CLASSES

1. TEMA CLASSES

1.4 TEMA CLASS R

The TEMA Mechanical Standards for Class "R" heal exchangers specily design and fabricalion of unfired
shell and tube heat exchangers for the generally severe requirements of petroleun and related processing

applications.

1.2 TEMA CLASS C

The TEMA Mechanical Standards for Class "C" heat exchangers specify design and fabrication of unfired
shell and tube heat exchangers for the generally moderate requirements of commercial and general

process applications.

1.3 TEMA CLASS B
The TEMA Mechanical Standards for Class "B" heat exchangers specify design and fabrication of unfired

L. shell and tube heat exchangers for chemical process service.

The most restrictive and includes the requirement for confined joinls where recesses must be
machined in the flanges and tubesheets. Spiral-wound gaskets with a ring construction also meet that
TEMA R requirement. TEMA R also calls for greater minimum thickness for some componentls.

1.4 NOTES TO USERS OF THE TEMA STANDARDS
 Three classes of Mechanical Standards, R, C and B, reflecting acceptable designs for various service
applications are presented. The user should refer to the definition of each class and choose the one thal best fits
2 the specific need.
Corresponding subject matter in the three Mechanical Standards is covered by paragraphs identically numbered
except for the prefix letter. Paragraph numbers preceded by RCB indicales that all three classes are identical.
Any reference to a specific paragraph must be preceded by the class designation.
The Recommended Good Practice section has been prepared lo assist the designer in areas oultside the scope
of the basic Standards. Paragraphs in the Standards having additional information in the RGP seclion are
marked with an asterisk (*). The reference paragraph in the RGP section has the identical paragraph number,

(] butwithan "RGP" prefix.
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2. TEMA TYPES
TEMA designations refer to the construction of the heat exchanger as

2.1 FRONT HEAD DESIGN

Channel and Bonnet
Removable Cover {integral Cover)

Channel integral
with Tubesheet and

Removablie Cove

follows:

Channel Integral
with Tubesheet and
Reimovable Cove

Special High
Pressure Closure
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2.2 SHELL DESIGN
F G

E

Split Flow

One Pass Shell Two Pass Shelt

Double Split Divided Flow
Flow
K X

Kettle Type c -
Reboiler . . ross Flow
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2.3 REAR HEAD DESIGN

S T L,

;gzM.%

Floating Head Pull Through Fixed Tubesheet
with backing device Floating Head Statioparyml’-_le_ggi
P

Fixed Tubesheet Fixed Tubesheet Outside Packed
Stationary Head Stationary Head Floating Head

T U w

m%“i{{ [ memmwv{f }E f.
g £
)

i ’ Externally Sealed
) U-Tube Bundle‘ Floating Tubesheet

Example: TEMA Type BEM has a Type-B front head, a Type-E shell and a Type-M rear head design.
TEMA types are chosen depending on the application. Wilh high vapor flows, high pressure and
- temperature crossing, a combination of special TEMA features is advantageous.
Example: Type-K shells allow for proper vapor disengagement in reboilers, w
shells accommodate high vapor flow.

hile type-J and Type-H

Y
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3. SIZE NUMBERING AND TYPE DESIGNATION

It is recommended that heat exchanger size and type be designated by numbers and letters as described
below. : .

3.1 SIZE
Sizes of shells (and tube bundles) shall be designated by numbers describing shell (and tube bundie)

diameters and lube lengths, as follows:

3.2 NOMINAL DIAMETER , .
The nominal diameter shall be the inside diameter of the shell in inches (mm), rounded off to the nearest
integer. For kettle reboilers the nominal diameter shall be the port diameter followed by the shell

diameter, each rounded off to the nearest integer.

3.3 NOMINAL LENGTH '
The nominal length shall be the tube length in inches (mm). Tube length for straight tubes shall be taken

as the actual overall length. For U-tubes the length shall be taken as the approximate straight length
from end of tube to bend tangent.

3.4TYPE
Type designation shall be by letlers describing stationary head, shell (omitted for bundles only), and rear
head, in that order.

Example: Split-ring floating head exchanger with removable channel and cover, single pass shell, 23-
114" (591 mm) inside diameter with {ubes 16'(4877 mim) long. SIZE 23-192 (591-4877) TYPE AES.
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4. TYPES OF BUNDLES
4.1 NON REMOVABLE BUNDLE EXCHANGERS ‘

These types of 'units are often used in high pressure services and services where you wish (o
avoid leakage problems at gasketed joints. Another advantage is that they are generally more
cost effective than removable bundle designs. '

4.1.1 STRAIGHT TUBE, FIXED TUBESHEET: NEN

This TEMA type is the simplest. It's constructed without packed or gasketed joints on the shell side.
The tubesheet is welded to the shell and the heads are bolted to the tubesheel. On the NEN heat
exchanger, the shell and the head are welded to the tubesheet. Typically, a cover plate design is
provided to make tube cleaning easier. This TEMA category, especially the NEN, is the least
expensive TEMA design per square foot of heat transfer surface.

Front End Rear End
Stationary Head Type Shell Type Head Type

N E N

Channel Integral
with Tubesheet and One Pass Shell
Removable Cove

Fixed Tubesheet
Stationary Head

Advantages:
= | ess costly than removable bundle designs; 1
* Provides maximum surface for a given shell and tube diameter,;
= Allows for single and multiple tube passes for proper velocity,
= May be interchangeable with other manufacturers of the same TEMA type.

Limitations:
= Shell side can be cleaned only by chemical methods;
= No provision to allow for differential thermal expansion-- must use an expansion joint.

Applications:
= Qil coolers, liquid/liquid exchangers, vapor condensers, reboilers, gas coolers;
= More viscous and warmer fluids generally flow through the shell; :
= Corrosive or high-fouling fluids should flow inside the tubes.
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4.2 REMOVABLE BUNDLE EXCHANGERS

Removable bundle exchangers give the customer the ability to replace the tube bundle without
~ replacing the shell or bonnets. They are generally less cost effective than non removable designs.

4.2.1 EXTERNALLY SEALED FLOATING TUBESHEET: AEW

This design allows for the removal, inspection and cleaning of the shell circuit and shell interior. The
special floating tubesheet prevents the intermixing of fluids. In most cases, a straight tube design is
more economical than a U-tube design.

A Front End Rear End
Stationary Head Type Shell Type Head Type
A \ E w

Channel and Externally Sealed

S .
Removable Cover One Pass Shell Floating Tubesheet

Advantages:
= Floating tubesheet allows for differential thermal expansion between the shell and the tube bundle;
= Shell circuit can be inspecled, and steam cleaned or mechanically cleaned;
« The tube bundle can be repaired or replaced without disturbing shell pipe;
= Less costly than other floating head designs: BEP or BES;
= For removable bundles, it gives maximum surface area per given shell diameter;:
= Tubes can be cleaned in AEW models without removing piping. 3
Limitations:
= Fluids in shell and tube circuits must be nonvolatile, nontoxic;
= Tube side passes are limited to single- or two-pass design;
= Two tubesheets are applied: front and back;
« Tubes cannot expand independently; thus, large temperature differentials should be avoided;
= Packing materials limit design pressure and temperature.

Applications are:
= Intercoolers and aftercoolers, air on tubeside;
= Coolers with water inside the tubes;
Jacket water coolers;
Hot side fluid through the shell with entry nearest the front
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4.2.2 OUTSIDE PACKED HEAD: AEP

This design allows for the easy removal, inspeclion and cleaning of the shell circuil and shell interior
without taking off the floating head cover. A special floaling tubesheet prevents the intermixing of
fluids. The design incorporates the removal of straight tubes for cleaning. That is usually more costly
than designs accommodating U-lubes.

Front End Shell Type o Rear End
Stationary Head Type , Head Type
A ‘ E P

Channel and Outside Packed
Removable Cover One Pass Shell Floating Head
Advantages:
~ = Floating lube- sheet allows for differential thermal expansion between the shell and the tube
bundie;

»  Shell circuit can be inspected and steam cleaned. If the tube bundle has a square tube pitch,
tubes can be mechanically cieaned by passing a brush between rows of tubes;

= The tube bundle can be repaired or replaced without disturbing shell piping;

= For AEP designs, lubes can be serviced withoul disturbing tubeside piping;

» Less costly than TEMA-type BES or BET designs;

= Only shell fluids are exposed to packing. Toxic or volatile fluids can be cooled in the tubeside
circuit; o

= Provides large bundle entrance area, reducing the need for entrance domes for praper fluid
distribution. ' y

Limitations: :
= Shell fluids limited to nonvolatile, nontoxic materials;
= Packing limits shell-side design temperature and pressure;
= Al tubes are attached to two tubesheets. Tubes cannot expand independently; thus, large
thermal expansions should be avoided,
» Less surface per given shell and lube diameter than AEW or BEW.

‘ Applicéﬁons: S
= Flammable or toxic liquids in the tube circui(;
»  Good for high-fouling liquids in the tube circuit. ‘
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4.2.3 INTERNAL SPLIT-RING FLOATING HEAD: AES

Exchangers with AES, BES, etc., designs are ideal for applications requiring frequent tube bundle
removal, inspection and cleaning. The exchangers have a straight-tube design, suitable for large
differential temperatures between the shell and tube fluids. They are more forgiving to thermal shock
than AEW or BEW designs, and are suilable for cooling volalile or loxic fluids.

Front End Rear End
Stationary Head Type Shell Type Head Type
A E s

Channel and One Pass Shell Floating Head
Removable Cover : with backing device
Advantages:
= Floating head design allows for differential thermal expansion helween the shell and the tube
bundle;

= Shell circuit can be inspected and steamcleaned. If it has a square lube layout, luhes can be
mechanically cleaned; ' '

= Higher surface per given shell and tube diameler than “pull-through” designs such as AET,
BET, etc.; .

= Provides multipass tube circuit arrangement, “

Limitations: | .

= Shell-cover, splitring and floating head cover must be removed to inspect the tube bundle.
That results in higher maintenance cost than with the pull-through bundle;

= More costly per square foot of surface than fixed tube sheet or U-tube designs.

 Applications:
= Chemical processing of toxic fluids;
= Special intercoolers and aftercoolers;
= General industrial uses.
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4.2.4 PULL-THROUGH FLOATING HEAD: AET

" deal for applicalions requiring frequent ube bundle removal for inspection and cleaning. The floating

head is bolted to the floating tubesheet. That alleviates the need to remove the floating head (o pull the
tube bundie.

Front End Shell Type RearEnd
Stationary Head Type yp Head Type
A E T

Channel and Pull Through
Removable Cover One Pass Shell Floating Head
‘Advantages:

= Floating head design allows for differential thermal expansion between the shell and the tube
bundie;

=  Shell gircuit can be inspected, steam or mechanically cleaned;

= Provides large bundle entrance area for proper fluid distribution;

«  Provides multipass tube circuit arrangement;

«  Suitable for toxic or volatile fiuid cooling.

Limitations:
» For a given set of conditions, this TEMA style is the most expensive;
= Less surface per given shell and tube diameter than other removable designs,

(N

Applications: -
= Chemical processing applications for toxic fluids;
= Hydrdcarbon fluid condensers;
« General industrial applications requiring frequent cleaning.
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4.2.5 U-TUBE: BEU

Especially good for severe performance requirements with maximum thermal expansion capability.
Because each tube can expand and contract independently, the design works well with large
temperature differentials. While the AEM and AEW are the leasl expensive designs, U-tube hundies

are also economical.

Front End
uT
Stationary Head Type Shell Type

B E '

Bonnet
(Integral Cover) One Pass Shell

Advantages:

Rear End
Head Type

U

U-Tube Bundle

= U-tube design allows for maximum differential thermal expansion between the shell and the

tube hundle—-for individual tubes too;
»  Shell circuit can be inspected, steamed or mechanically cleaned;

= Less coslly than floaling head or packed floaling head designs;

= Provides mullipass tube circuit arrangement;

« withstands thermal expansion applications;

= Bundle can be removed from one end for cleaning or replacement.

Limitations:

= Because of the 180° bend, U-tubes can be cleaned only by chemical means;

» U-ubes are difficult to replace;

= Neither single tube passes nor true countercurrent flow is possible;
=  Tube'wall thickness at the U-bend is thinner than for straight tubes;
« Tube circuits are difficult to drain. '

Applications:
= Qil, chemical and water heating applicalions;
= Excellent in steam to liquid applications.

B N
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4.2.6 KETTLE REBOILER

Kettle Reboiler is a prime example of a pool boiling unit. The tube bundle is usually U-tubes or has a
separale head bolted directly lo the floaling ube sheel. The tube bundie is insertad into an enlargad

shell which serves as a reservoir for column bottoms and as a disengaging space for the vapor. An
overflow weir is normally provided o maintain the liquid level above the top of the tubes.

Front End Shell Type Rear End
Stationary Head Type yp Head Type
A K U
.
il
fg
Channel and Kettle Type .
Removable Cover Reboiler U-Tube Bundle

Advantages:

= The rebgiler operation is insensitive to large changes in process operating
conditions as there is no two phase fluid recirculating back to the column.

= High heat fluxes up to 20,000 BTU/hr.It” are passible.
= Higher residence time in heating zone.
» FEasy maintenance and cleaning.

Limitations:
= This type of reboiler tends to foul much more readily than other types
materials accumulate continuously in the vaporization section.
» Expensive design. '

Applications:
= Evaporation applications of Oil, chemical and water heating

A
i

and heavy residual

.
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PART 3
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. COMPONENTS

2

For the purpose of establishing standard terminology, typical parts and conneclions are numbered for

identification.

1. Stationary Head-Channel 21 Floaling Head Cover-Exlernal
2.Stationary Head-Bonnet 22 Floating Tubesheel Skirt

3 Stationary Head Flange-Channel or Bonnel 23 Packing Box

4. Channel Cover 24.Packing

5 Stationary Head Nozzle 25.Packing Gland

6. Stationary Tubesheet 26.Lantern Ring

7. Tubes : 27.Tie rods and Spacers

8 Shell 28.Transverse Baffles or Support Plates
9.Shell Cover 29.impingement Plate

10.Shell Flange-Stationary Head End 30.Longitudinal Baffie

11.Shell Flange-Rear Head End 31.Pass Parlition

12 Shell Nozzle 32.Vent Conneclion

13.Shell Cover Flange 33.Drain Connection

14.Expansion Joint 34.Instrument Connection

15.Floating Tubesheet 35.Support Saddle

16.Floating Head Cover 36.Lifting Lug

- 17.Floating Head Cover Flange 37.Support Bracket
18 Floating Head Backing Device 38. Weir
19 Split Shear Ring 39.Liquid Level Connection
20. Slip-on Backing Flange 40. Floating Head Support
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Il. SCOPE AND GENERAL REQUIREMENTS

2

1. SCOPE OF STANDARDS

1.1 GENERAL

The TEMA Mechanical Standards are applicable to shell and tube heat exchangers which do not exceed
any of the following criteria: ’

1. Inside diameters of 100 inches (2540 mm)
2 Product of nominal diameter, inches (mm) and design pressure, psi (kPa) of 100,000 (17.5x106)

3. A design pressure of 3,000 psi (20684 kPa)

The intent of these parameters is to limit the maximum shell wall thickness to approximately 3 inches (76
mm), and the maximum stud diameter to approximately 4 inches (102 mm). Criteria contained in these
Standards may be applied to units which exceed the above parameters.

1.2 CONSTRUCTION CODES

The individua! vessels shall comply with the ASME (American Society of Mechanical Engineers) Boiler
and Pressure Vessel Code, Section Vill, Division 1, hereinafter referred to as the Code. These Standards
supplement and define the Code for heat exchanger applications. The manufacturer shall comply with the
conslruction requirements of state and local codes when the purchaser specifies the plant location. it
shall be the responsibility of the purchaser to inform the manufacturer of any applicable local codes.

~ Application of the Code symbol is required, unless otherwise specified by the purchaser.

1.3 MATERIALS

For purposes of these Standards, “carbon steel” shall be construed as any steel or low alloy falling wilhin
the scope of Part UCS of the Code. Metals not included by the foregoing (except cast iron) shall be
considered as "alloys" unless otherwise specifically named. Materials of construction, inluding gaskets,

should be specified by the purchaser. The manufaclurer assumes no responsibility for delerioration ol
parts for any reason.

Cast iron shall be used only for water service al pressures not exceeding 150 psi (1034 kpPa).
T

y
Packed joints shall not be wsed when the purchaser specifies that the fluid in contact with the joint is
lethal or lammable. : :

1.4 STANDARD CORROSION ALLOWANCES

The standard corrosion allowances used for the varjous heat exchanger parts are as foliows, unless the
conditions of service make a different allowance mare suitable and such allowance is spegified by the
purchaser. '

1.4.1 CARBON STEEL PARTS :

All carbon steel pressure parts, except as noted below, are to have a corrosion allowance of 1/8" (3.2
mm). :

Internal floating head covers are to have the corrosion allowance on ail welted surfaces except gasket
seating surfaces. Corrosion allowance on the outside of the flanged portion may be included in the
recommended minimum edge distance. ‘ -
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Tubesheets are to have the corrosion allowance on each side with the provision that, on the grooved
side of a grooved tubesheet, the depth of the gasketed groove may be considered as available for

corrosion allowance.

Where flat external covers are grooved, the depth of the gasketed groove may be considered as
available for corrosion allowance.

Corrosion allowance shall be applied only to the inside diameter of flanges where exposed to the fluids.

Non-pressure parts such as tie-rods, spacers, baffles and support plates are not required to have
corrosion atlowance.

Tubes, bolting and floating head backing devices are not required to have corrosion allowance.

Pass parlition plates are not required to have corrosion allowance.

1.4.2 ALLOY PARTS
Alloy parts are not required to have corrosion allowance.

1.4.3 CAST IRON PARTS
Cast iron pressure parts shall have a corrosion allowance of 1/8" (3.2 mm).

1.4.4 ANODES

Selection and placement of anodes is not the responsibility of the heat exchanger manufacturer. If a heat
exchanger is to be furnished with anodes, when requesting a quotation, the purchaser is responsible for
furnishing the heat exchanger manufacturer the following information:

Method of anode attachment.

Quantity of anodes required.

Size and manufacturer of the anodes.
Anode material.

Sketch of anode locations and spacing.

SRl

1

i
If the heat exchanger manufacturer chooses lo install anodes for a customer, the manufacturer is not
responsible for the suitability of the anodes for the service it is installed in, the life of the anodes, the
corrosion protection provided by the anode, or any subsequent damage to the heat exchanger attributed
to the anode, the method of anode instaliation, or the installed location of the anode in the heat
exchanger.
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IIl. MECHANICAL DESIGN

1. GENERAL

Heat Exchanger design is one of {he most complicated jobs for a Static Equipment Engineer; he must
design the heat exchanger as an integrated item, not as individual parts.

2. TUBES (RCB-2)
2.1 TUBES DIMENSIONS
The following tube lengths for both straight and U-tube exchangers are commonly used: 96 (2438), 120
(3048), 144 (3658), 192 (4877) and 240 (6096) inches (mm). Other lengths may be used.
Table RCB-2.21 lists common tube diameters and gages for bare tubes of copper, steel and alloy. Other
diameters and gages are acceptable.
' TABLE RCB-2.21
} BARE TUBE DIAME TERS AND GAGES ]
O.D. Copper and Copper Alloys Carbon Stee!, Aluminum Other Alloys
inches and Aluminum Alloys
(mm) BWG. BWG. BWG.
14 27 - 27
(6.4) 24 24
2 22
3/8 22 - 22
(95) Y. 20
18 18
1/2 2 - 20
= (12.7) 18 18
B 578 D 18 20
(15.9) : 18 16 18
s 16 14 16
- 3/4 ‘ 2 16 18 N
: (19.1) 18 14 16 i
16 12 14
718 18 14 16
- (22.2) 16 12 14
f 14 10 ‘ 12
] 12 :
@4 | 18 14 16
. 16 12 14
L 4 . 12
TiE | 16 74 74
(31.8) _ B 12 12
T2 - 1© 7 7
(38.1) 4 12 12
2 ~ 14 14 14
(50.8) 12 12 12
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When U-bends are formed, it is normal for the tube wall at the outer radius to thin. The minimum tube wall
thickness in the bent portion before bending shall be:

t, -t [1+ do/4R]

-y
H

Where Z
t,= Original tube wall thickness, inches (mm) , ' ;
Lty = Minimum tube wall thickness calculated by Code rules for a straight lube subjected to the same

pressure and metal temperature, inches {(mm)
d,= Outside tube diameter, inches (mm)
R= Mean radius of bend, inches (mm)

When Ubends are formed from tube materials which are relatively non-work-hardening and of suitable
temper, tube wall thinning in the bends should not exceed a nominal 17% of original tube wall thickness.

Flattening at the bend shall not exceed 10% of the nominal tube oulside diameler.

U-bends formed from tube materials having low ductilily, or malerials which are susceplible to work-

" hardening, may require special consideration. Refor to Paragraph RCB-2.33.

2.2 BEND SPACING (RGB-2.32)

The center-to-center dimensions between parallel legs of U-tubes shall be such that they can be inserted
into the baffle assembly without damage lo the tubes.

The assembly of bends shall be of workmanlike appearance. Metal-to-metal contact between bends in the
same plane shall not be permitted.

Cold work in forming Ubends may induce embillerment or susceptibilily to stress corrosion in certain

~materials and/or environments. Heal treatment lo alleviate such conditions may be performed by

agreement between manufacturer and purchaser. . .

e
Sm i

s

2.3 TUBE PATTERN (RCB-2.4)
Standard tube patterns are: ' N

= #

Square Pattern: In removable bundie units, when mechanical cleaning of the tubes is specified by the
purchaser, tube lanes should be continuous. ;

Triangular Pattern: Triangular or rotated triangular pattern should nol be used when the shell side is to
be cleaned mechanically. :
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303 - wé 9‘00

i

Triangular Rotated Square
Triangular

2.4 TUBE PITCH (R-2.5)
Tubes shall be spaced with a minimum center-to-center distance of 1.25 times the outside diameter-of the
tube. When mechanical cleaning of the tubes is specified by the purchaser, minimum cleaning lanes of

1/4" (6.4 mm) shall be provided.
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3. SHELLS AND SHELL COVERS (RCB-3)

2

3.1 MINIMUM SHELL THICKNESS

Shell thickness is determined by the Code design formulas, plus corrosion allowance, bulin no case shall
the nominal thickness of shells be less than that shown in the applicable table. The nominal total thickness

for clad shells shall be the same as for carbon steel shells.

~ TABLE R-3.13
Minimum shell thicknessdimensions in inches (mm). .
Nominal Shell Diameter Minimum Thickness
Carbon Steel  Alloy *
Pipe Plate

, I

6 (152) SCH. 40 - 1/8 (3.2)
8-12 {203-305) SCH. 30 - 1/8 (3.2
13-29 330737 SCH.STD 3/8 (9.5) 3/16 (4.8)
30-39 762-991 - 7116 (11.1) 1/4 (6.4)
40-60 (1016-1524) - 112 (12.7) 516 (7.9)
61-80 (1549-2032) - 112 (12.7) 516 (7.9)
81-100 (2057-2540) - 1/2 (12.7) 3/8 (9.5)

*Schedule 58 is permissible for 6 inch (152 mm) and 8 inch (203 mm) shell diameters.

3.2 SHELL COVER THICKNESS
Nominal thickness of shell cover heads, before forming, shall be at least equal to the thickness of the shell
as shownin the applicable table.
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4.5 SPACING OF BAFFLES AND SUPPORT PLATES

4.5.1 MINIMUM SPACING

4.5.2 MAXIMUM SPACING

indicated in Table RCB-4.52 for the tube material used.

4.5.3 BAFFLE SPACING

the baffles nearest the ends of the shell, and/or tubesheets, shall be loc
shell nozzles. The remaining baffles normally shall be spaced uniformly.

4.5.4 U-TUBE REAR SUPPORT

individual bend, the sum of the bend diameter plus the straight lengths

made for support of the bends.

4.5.5 SPECIAL CASES

would permit shorter spans under the same pressure drop restrictions.

4.5.6 TUBE BUNDLE VIBRATION

tube spans, tube field layout, shell diameter, and inlet/outlet configuratio

consequential damages resulting from vibration.

4.5.6 IMPIN:GEMENT BAFFLES AND EROSION PROTECTION
An impingement plate, or other means to protect the tube bundle ag

(2232); all other liquids, including.a liquid al its boiling point, 500 (744).
V is the linear velocity of the fluid in feet per second (meters per second)

cubic foot (kilograms per cubic meter). A properly designed diffuser may
at shell entrance. : .

*

Segmental baffles normally should not be spaced closer than 1 /5 of the shell ID or 2 inches (51 mm),
whichever is greater. However, special design considerations may dictate a closer spacing.

Tube support plates shall be so spaced that the unsupported tube span does not exceed the value

Baffles normally shall be spaced uniformly, spanning the effective tube length. When this is not possible,

ated as close as practical to the

The support plates or baffles adjacent to the bends in U-tube exchangers shall be so located that, for any

measured along both legs from

supports to bend tangents does not exceed the maximum unsupported span determined from Paragraph
RCB-4.52. Where bend diameters prevent compliance, special provisions in addition to the above shall be

When pulsating conditions are specified by lhe purchaser, unsupported spans shall be as short as
pressure drop restrictions permit.‘If the span under these circumstances approaches the maximum
permitted by, Paragraph RCB-4.52, consideration should be given to alternative flow arrangements which

Shell side flow may produce excitation forces which resull in destructive lube vibrations. Existing predictive
correlations are inadequate to insure thal any given design will be free of such damage. The vulnerability
of an exchanger to flow induced vibration depends o the flow rate, be and baffle malerials, unsupported

n. Section 6, of these Standards

contains information which is intended to alert the designer to potential vibration prob!e{ns. in any case,
and consistent with Paragraph G-5, the manufacturer is not responsible or liable for any c}irect, indirect, or

ainst impinging fluids, shall be

provided when entrance line values of ?V2 exceed the following: non-abrasive, single phase fluids, 1500

For all other gases and vapors,

including all nominally saturated vapors, and for liquid vapor mixtures, impingement protection is required.

and ?is its dengity in pounds per
be used lo redyce line velocities

Page 39 of 124



By: Eng. Mohamed A. Ebcid

4. BAFFLES AND SUPPORT PLATES (RCB-4)

e

4.1 TYPE OF TRANSVERSE BAFFLES

The segmental or multi-segmental type of baffle or tube support plate is standard. Other type ballles are
permissible. Baffle cut is defined as the segment opening height expressed as a percentage of the shell
inside diameter or as a percentage of the total net free area inside the shell (shell cross seclional area
minus total tube area). The number of tube rows that overlap for multi-segmental baffles should be
adjusted to give approximately the same net free area flow through each baffle. Baffles shall be cut near
the centerline of a row of tubes, of a pass lane.iof a tube lane, or outside the tube pattern. Baffles shall
have a workmanlike finish on the oulside diameter. Typical baffie cuts are iustrated in Figure RCB-4.1.
Baffle cuts may be vertical, horizontal or rotated.

FIGURE ACE-4.1
BAFFLE CUTS FOR SEGMENTAL PAFFLES

o
<
\\‘-W

Fogizankal Vet al Hetatsd

N

BAFFLE CUTS FOR MULTI-SEGMENTAL BAFFLES

DOUBLE SEGHMENTAL

»,B bt bde e -
t

!

'

e A D B 3

...w..-...-m-n.._;

\\

e

L

TRIPLE SEGMENTAL

4.2 TUBE HOLES

Where the maximum unsupported tube length is 36 inches (914 mm) or less, or for lubes farger in
diameter than 1 -1/4 inches (31.8 mm) 0D, standard tube holes are to be 1 /32 inch (0.8 mm) over the
OD of the tubes. Where the unsupported tube length exceeds 36 inches (914 mm) for tubes 1-1 /4 inches
(31.8 mm) diameter and smaller, standard tube holes are to be 1 /64 inch (0.4 mm) over the OD of the
tubes. For pulsating conditions, tube holes may be smaller than standard. Any burrs shall be removed and
the tube holes given a workmanlike finish. Baflle holes will have an over-lolerance of 0.010 inch (0.3 mm)
except that 4% of the holes are allowed an over-tolerance of 0.015 inch'(0.4 mm).. '
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4.3 TRANSVERSE BAFFLE AND SUPPORT CLEARANCE

The transverse baffle and support plate clearance shall be such that the difference between the shell
design inside diameter and the outside diameter of the baffle shall not exceed that indicated in Table RCB-
4.3. However, where such clearance has no significant effect on shell side heat transfer coefficient or
mean temperature difference, these maximum clearances may be increased to twice the tabulated values.

The design inside diameter of a pipe shell is defined as the nominal oulside diameter of the pipe, minus
twice the nominal wall thickness. The design inside diameter of a plate shell is the specilied inside

_diameter. In any case, the design inside diameter may be taken as the actual measured shell inside
diameter.

TABLE RCB-4.3

Standard Cross Baffle and Support Plate clearances
Dimensions in Inches (mm)

Morniral Shell 10 Design 10 of Shell Minus Bafite O0
617 }1 52-432 /8 {3.2
10 -39 457-991% ' 3/16 {48
44 - 54 51015-13‘7'2) /4 (G4
55 - 69 1387-1751 sfig (7.8
70 -84 1778-2134 3/8 (95
05 - 100 21569-2540} 7/16 (1&1;

4.4 THICKNESS OF BAFFLES AND SUPPORT PLATES
The following tables show the minimum thickness of transverse baffles and support plates applying to all
materials for various shell diameters and plate spacing.

The thickness of the baffle or support plates for U-tube bundles shall be based on the unsupported tube
length in the straight section of the bundle. The U-bend length shall not be considered in determining the

unsupported tube length for required plate thickness.

" TABLE R-4.41
BAFFLE OR SUPPORT PLATE THICKNESS
Dimensions in Inches (mm) :

P
. ) Unsupported tubie lungth between central baffles. End spaces batwearn
MNomina! Shedi {0 tubasheets and balites are ot a consideration.
24 (610) and | Qver 24 (810} | Over 36 (@14) Owver 48 Dver B2
Under 1036 (914} | 048 (1219} | (1219) 1060 (1524}
Inchugive Inchysive {15624) )
Inchustve

614 152-356) |{1/8 23.2" /s (A8 1174 5.4) 13/8 (@5 3f8 (3.5
15 -28 81711y {3/16 maf 1/4 B4} |3/8 9.5} la/m 95y fi/2 (127
29 - 38 (737065) {1/4 (84 |5/16 (7.5} |3/8 @8) |1/2 12.7) 1b/8 15.9)
39-60 99‘1»1524% 1/4 {64 3/8 fosy H1f2 (127} |6/8 1597 {5/8 15.9
61100 - (154025407 13/8 (9.5 172 (=7 Is/8  (169) {3/4 U8 13/4 nglg
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. Longitudinal baffles shall not be less than 1 /4" (6.4 mm) nominal metal thickness.

i .

Special consideration should be given to:
Baffles and support plates subjecled lo pulsalions.

Baffles and su

Longitudinal baffles subjected lo large differentia

drop.
Support of tub

pport plates engaging finned tubes.

e bundles when larger clearances allowed by RCB-4.3 are used.

| pressures due (o high shell side fluid pressure

i

~ Page 38 of 124

fe



Heat Exchanger Design Course

By: Eng. Mohamed A, Ebcid

4.6 TIE RODS AND SPACERS RCB-4.7
Tie rods and spacers, or other equivalent means of tying the baffle system together, shall be provided to
retain all transverse baffles and tube support plates securely in position.

3

Table R-4.71 shows suggested lie rod count and diameter for various sizes of heal exchangers. Other
combinations of tie rod number and diameter with equivalent melal area are permissible; however, no
fewer than four tie rods, and no diameter less than 3/8" (9.5 mm) shall be used. Any baffle segment
requires a minimum of three points of support.

TABLE R4.71 (I ROD STANDARDS)
Dimcnsions in inches (mm)

Nominal Tic Rod Minimnnﬁ
Shell Diameter Diamctet Number of Tie

Rods
6-15 (152381 g 3/8  (U.5) 4
16-27 (406-6860) 38 (951 6
28-33 (7T11-838) 172 (i2.°h 0
34-4% (ROA-1219) 12 (2h b
49-60 (1245-1524) 12 (12°h 10
61-100 (1549254 5/8 (159 12

4.7 SEALING DEVICES RCB-4.8

In addition 1o the baffles, sealing devices should be installed when necessary to prevent excessive fluid
by-passing around or through the tube bundle. Sealing devices may be seal strips, lie rods with spacers,

dummy tubes, or combinations of these.

{ 4.8 KETTLE TYPE REBOILERS RCB-4.9
- For kettle type Yeboilers, skid bars and a bundle hold-down may be provided. One method is shown in
Figure RCB-4.9. Other methods which satisfy the intent are acceptable. Bundle hold-downs are not
required for fixed tubesheet kettles.

1

I

*

CROSS-SECTION END vnew\\
R

OF TUBE BUNDLE AND SHELL \\\1\
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5. FLOATING END CONSTRUCTION RCB-5

5.1 INTERNAL FLOATING HEADS (TYPE S& T) RCB-5.2

5.1.1 MINIMUM INSIDE DEPTH OF FLOATING HEAD COVERS

For multipass floating head covers the inside depth shall be such that the minimum cross-over area for
flow between successive tube passes is at least equal to 1.3 times the flow area through the tubes of one
pass. For single pass floating head covers the deplh at nozzle centerline shall be a minimum of one-third
the inside diameter of the nozzle. '

5.1.2 POSTWELD HEAT TREATMENT
Fabricated floating head covers shall be postweld heat trealed when required by the Code or specified by
the purchaser.

5.1.3 INTERNAL BOLTING
The materials of construction for internal bolting for floating heads shall be suitable for the nechanical
design and similar in corrosion resistance to the malerials used for the shell interior.

5.1.4 FLOATING HEAD BACKING DEVICES
The material of construction for split rings or other internal floating head backing devices shall be
equivalent in corrosion resistance to the material used for the shell interior.

5.1.5 BACKING DEVICE THICKNESS (TYPE S)

The required thickness of floating head backing devices shall be determined by the following formulas or
minimum thickness shown in Figure, using whichever thickness is greatest.

ROB-5.141 BACKING DEVICE THICKNESS (TYPES)
The required thickness of Roating head backing devices shall be determined by the
tollowing formulas or minim thickness shown in Figure AGCB-4.141, using whichewer
thickness is grealast.

BENDING
Qe |17 For Style AT Wy iy y i .
- ; TN SY ‘ o & yD", pelrlc 1 = t(m‘*—)f ------- )7(~~2 ‘ L pun
TN inchos CEYCEY
R IO P N Far Style "B, sty iyt N
f SE 55 } inchies metric 7 = [ ~—£—(—£—)~Z—(‘:’—}£——A 1{ X107
SHEAR &.
b o W 5 ot f b 1 :)‘5
{ T ){/ )(}(;J;} N nches pletric - (" ){ - )(\t; . ) D ,frn
where
A = Hing OD, Inchas {reun) e Dq.aa.;l;gn Lot toad (as el In Code Apponcdh 23
‘ . (kMY
B = Az shown in Flg. vow From Corde Flig. 227 1 using & = AL E
ROB-E.141, inchas {mm) )
¢ = Bolt irdla, Inches {road e Tubashest OD, iches fmrm)

M= (O BY/ 2, Inches (m) ;= Groater of ¥ or?, inches gnm)
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S= Code allowable stress in tension (using shell design temperature), psi (kPa)
S, = S of backing ring, psi (kPa)

S, = S of split key ring, psi (kPa) *
S;s = Soi tubesheel, psi (kPa)

S, = 0.8 S ,psi(kPa)

NOTES

1. All references above are to ASME Code Section VI, Divisiqn 1.
2 Caution: For styles "A", "B" & "D" check thickness in shear of the tubesheet if Sis >Sir
3. Caution: Style "C" check thickness in shear of the tubesheet if 5 Sy >Sk

T 3/8"8.5) . )
Ee A . A PTIONAL
17254 | L (W . SPLIT ng_,\ ke OPTIgNAL

N
e ) 7

ANGLE=45" (0.8 RAD) MIN, 75° (1.3 RAD) WA
- ¥y ¥
STYLE A

e e maerers

L DPTIONAL

T, 1/2(12.9)

SOLID RING - sPu RIN(;-\

ot }
J ! Tmf A
- L o
= o :s./r' .
§ ! o b ",é
L SPUT KEY RN —"2H

SIWLE D

] et 4 1/B47(0.4)
fégYLE xnCn .
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5.1.6 TUBE BUNDLE SUPPORTS

When a removable shell cover is utilized, a parlial support plate, or olher suilable means, shall be
provided to support te floating head end of the tube bundle. If a plate is used, the thickness shall
equal or exceed the support plate thickness specified in Table R4 41 or CB-4.41 as applicable for

unsupported tube lengths over 60 inches (1524 mm).

5.1.7 FLOATING HEAD NOZZLES
The floating head nozzle and packing box for a single pass exchanger shall comply with the

requirements of Paragraphs RCB-5.21, RCB-5.22 and RCB-5.23.

5.1.8 PASS PARTITION PLATES :
The nominal thickness of floating head pass partitions shall be identical to those shown in RCB-9.13

for channels and bonnets.
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5.2 OUTSIDE PACKED FLOATING HEADS (TYPE P) RCB-5.2

5.2.1 PACKED FLOATING HEADS .
The cylindrical surface of packed floating head tubesheets and skirts, where in contact with packing

(including allowance for expansion), shall be given a fine machine finish equivalent to 63 micro-inches.

5.2.2 PACKING BOXES

A machine finish shall be used on the shell or packing box where the floating tubesheet or nozzle
passes through. If packing of braided material is used, a minimum of three rings of packing shall be
used for 150 PS! (1034 kPa) maximum design pressure and a minimum of four rings shall be used for
300 PSI (2068 kPa) maximum design pressure. For pressures less than 150 PSI (1034 kPa),
temperatures below 300° F (149° C), and non-hazardous service, fewer rings of packing may be used.
Figure RCB-5.22 and Table RCB-5.22 show typical details and dimensions of packing boxes.

FIGUAE RCB-5.22

s ;/ ;"’/ g

00
G

PACKING GLAND PROR®G BOX

.

":/j:{//f/ m (440 Z 77300 PSI2068 kPo)
A o R o
) HEes 2

& ,-"f)//&/ —L / //' // / o £

4

/ / // 4 .
/f,%,g 2 b
N t f/fsf(().a)_ﬁmx

VA YAV AT /.'
A LAV ALY
£ | ¥
| 4
Design Bosed On Square - Pocking of Other Suilable
Broided Pocking Moterials, Dimensions, and

Shope Moy Be Used

TABLE RCB-5.22
TYPICAL DIMENSIONS FOR PACKED FLOATING HEADS
150 PSI(1034 kPa) AND 300 PSI(2068 kPa) WITH 600 ° F (316 ° C) MAX. TEMP,

Dimensions in Millimeters

SIZE A B C D E F BOLTS

(MIN) NO. SIZE

152203 9.53 111 3175 41.28 2540 19.05 4 M16
229-330 9.53 1.1 31.75 41.28 25.40 19.05 6 M16
356-432 9.53 11.141 31.75 41.28 25.40 19.05 8 M16
457-533 9.53 11.11 31.75 41.28 25.40 19.05 10 M16
559-584 9.53 1.1 31.75 41.28 25.40 19.05 12 M16
610-737 | 12.70 14.29 44 45 57.15 28.58 25.40 16 M16
762-838 12.70 14.29 44.45 57.15 28.58 25.40 20 M16
864-1092 12.70 14.29 44.45 57.15 28.58 25.40 24 M16
1118-1295 15.88 17.46 53.98 69.85 31.75 3175 28 M16
1321-1524 15.88 17.46 53.98 69.85 31,75 31,75 32 M16

Note: Nominal size of packing is same as dimepsion "A"
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5.2.3 PACKING MATERIAL :
Purchaser shall specify packing material which is compatible with the shell side process conditions.

LS

‘ 5.2.4 FLOATING TUBESHEET SKIRT
The floating tubesheet skirl normally shall extend oulward. When the skirt must extend inward, a
suitable method shall be used to prevent stagnant areas between the shell side nozzle and the

tubesheet.

5.2.5 PASS PARTITION PLATES ;
The nominal thickness of floating head pass partitions shall be identical to those for channels and -

bonnets.
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5.3 EXTERNAL LY SEALED FLOATING TUBESHEET (TYPEW) RCB-5.3

5.3.1 LANTERN RING
The externally sealed floating tubesheet using square braided packing materials shall be used only for

water, steam, air, lubricating oil, or similar services. Design lemperature shall not exceed 375 " F (191
° C). Design pressure shall be limited according to Table RB-5.31.

' TABLE RB-5.31
MAXIMUM DESIGN PRESSURE FOR EXTERNALLY SEALED

FLOATING TUBESHEETS
Nominal Shell Inside Diameter Maximum Design Fressure
Inches (mm) PSi (kPa)
6-24 (152-610) 300 (2068
25-42 635-1067) 150 $1034)
43-60 1092-1524) - 75 517)
61-100 (1549-2540) 50 (345)

5.3.2 LEAKAGE PRECAUTIONS
The design shall incorporate provisions in the lantern ring so that any leakage past the packing wil

leak to atmosphere. When endless packing rings are used, one ring of packing shall be used on each

side of the lantern ring. For braided packing materials with a seam, a minimum of two rings of packing
taggered during assembly.

shall be used on each side of the lantern ring, with the seams s

5.3.3 PACKING MATERIAL

Purchaser shall specify packing material which is compatible with the process conditions.
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6. GASKETSRCB-6

6.1 TYPE OF GASKETS .
Gaskels shall be selected which have a continuous periphery with no radial leak paths. This shall not
exclude gaskets made continuous by welding or other methods which produce a homogeneous bond.

6.2 GASKET MATERIALS

Metal jacketed or solid metal gaskets shall be used for internal floating head joints, afl joints for
pressures of 300 psi (2068 kPa) and over, and for all joints in contact with hydrocarbons. Other gasket
materials may be specified by agreement between purchaser and manufacturer to meet special
service conditions and flange design. When two gasketed joints are compressed by the same bolting,
provisions shall be made so that both gaskets seal, but neither gasket is crushed at the required bolt
load.

6.3 PERIPHERAL GASKETS
The minimum width of peripheral ring gaskets for external joints shall be 3/8" (9.5 mm) for shell sizes
through 23 inches (584 mm) nominal diameter and 1/2" (12.7 mm) for all larger shell sizes.

The minimum width of peripheral ring gaskets for internal joints shall be 1 /4" (6.4 mm) for all shell
sizes.

Peripheral gasket contact surfaces shall have a flatness tolerance of + 1 /32" (0.8 mm) maximum
deviation from any reference plane. This maximum deviation shall not occur in less than a 20 ° (0.3
Rad) arc.

6.4 PASS PARTITION GASKETS

The width of gasket web for pass partitions of channels, bonnets, and floating heads shall be not less
~ than 1 /4" (6.4 mm) for shell sizes through 23 inches (584 mm) nominal diameler and not less than 3/8"

- (9.5 mm) for all larger shell sizes.

6.5 GASKET JOINT DETAILS
Gasketed joints shall be of a confined type.

FIGURE RCB-8.5

Conﬂned Gasket Unconfined Gasicet‘;
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7. TUBESHEETS

£

TUBESHEET THICKNESS

Effective Tubesheet Thickness shal.l be the thickness measured at the bottom of the tube side pass

partition groove and/or shell side longitudinal baffle groove minus corrosion allowance in excess of the
groove depths. : -

In no case shall the total thickness minus corrosion allowance, in the areas into which tubes are to be
expanded, of any tubesheet be less than the outside diameter of tubes. In no case shall the total
tubesheet thickness, including corrosion allowance, be less than 3/4" (19.1 mm).

e
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HCR.7.132 TUBESHEET FORMULA - BENDING

T:f:ci 3_{: B
‘ 3V us

where
T = Effective uboshoest thicknoss, inches {mmy.

£ = Code allowable stress ins tonsion, pst (kPa), tor tuhesheet material at design

ratal taraperatures. (See paragraph ACB-1 Az},

Paragraph RCB-7.141, psi {kPa).

pressure when spéciﬂed by the purchaser, psi (kPay.

botting 1o heads of ghells with ring type gaskels, Jim o+ T

depanding upon the side under congideration.

,J a4 .
where

-2 M?

Pp=

N

polling pressures except ¢ shall be the gasket & of the float

R

orPe P, FPg
or P = Py
or 7= Py

which coaditlion Is under considoration.

& = | Fora divided floating ubasheet, G shall be 1.41(d) whigre o
shortes! spar measured over contprines of gaskets.

pressure under consideration Is acting. {e.g. Pressure act

as defined in the Code. Pressure acting on an integral gidea
the Inside diameter of the integral pressurg part.y .

For outsitie packed lloaling head exchangess (Type Py, 7 shall be a3 datinad in

For packed floating end exchangers with lantetd ﬁng {Type W), for the foating
wubeshest, Fshall ba as datingd In Paragraph nep.7.142, pai (ikPa).

Evr other type exchangers, £ el ba the design pressure, shedi stola or tube
side, cotracted for vacuum whan present on the opposite side. of differential

For floating beshesta {Type T), where the tubeshest is axtended for boling to
haads with ving type gaskets, the offact of the moment acting upon the oxie yson
is defined In Paragraph ROB-7.162 ity terms of equivatent tube side and shell side

(kPa) is glven by the greatest absolute value of the fottowing:

¢ shall be either i the corroded of uncarroded condition, depeandent upon

For fixed tubashgel exchangers, ¢ shall be the shiell Inside diameter,

For kelile type sxchangers, ¢ ghall be the port Inslde diamaiar.

For any {ioating lubesheet {except divided), & shall be the (= used for the
siationary tubeshest using the P as defined for other type puehangers.

Typa T wbesheets shall also be checked using e pressure dedined above
with bolting and using the actual gasket & of the floating tubeshest

For other type exchangers, G shall be the diameter, nches {mimy), over which tha

glde of o tubesheet, G = the dinmaeter gt the location of the gasket load reacyion

1 eor fixed tubgsheet exchangers, P shall be as defined in Paragraph

ROCB-7.163, ROB-7.164 01 ROB-7.165, psl (kPa).

For Udube tubesheets {Typs L}, where the tubeshaet is extended as a flangs for

y OF Fov T

and M ¥ defined In Paragraph HCB-7.1342, psl (kPa).

Ing Wwbesheet. I pst

Al

is the tength of the

fng on the gaskatad

of a twhesheet, & =
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.785
= ey for square of rotated sduere tube patterns .
ﬂ = (Tu!‘mOD ,‘
0.907
- " Faeh N2 for triangular or rotated jrianguiar tbe patterns
e ( Fabe DI ) )
For integrally finned wbes, the 0D of the lube In the tubeshedl shall be used.
For unsupported tubesheets (e.g. U-tube wbesheets) gasketed both
siles, F = 1.25.
For supporled tubesheets (e;g.: fixed tubeshasts and Boating type
tubasheols) gasketed both sides, Fa=1.0
For unsupporied ubsshests {a.g.: U-ube tubeshests) integral with sither
or both sidles, £ shall be the value dotermined by the curve U in
Figurs RCB-7.132, N 4
For supporied tubesheels sex.g.r fixed tubesheats and fogling type
tubesheets) Integral with efther or both sides, I- shall be the vaiue
determined by the curve Hin Figure RCB-7.132,
FIGURE RCB-7.132
Fom= 1.490 st o i, T..Mw__.l..._m_.___
}25 - SN SR TP S,
1‘20 eanees 2 UM SRS SN P
B B s . e B
: 1.00 \
0‘95 ..... o veveraenads AT i B ARSI (PP WURBRRE PSS St ateuth e R
/ 0‘90 PUISIUURINUIN USRS Y . - e TR v OSSR S
0.890
] 076 [T AUURUIN DN SRR SRR S e
3 000 001 002 003 004 006 006 007 0068 0U% 010
' Wall Thioknnpas 1D Fatio Fot Intograt Tubashoots
NOTE: 1 the tubesheot is Intagral with foth the tube side and shell side.
) Wall Thickness and 1D are 1o be based on the side ylalding
the smalter value of 1. ,
\
Sep Table RCB.7.132 for flustration of the application of the above aquations.
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TABLE RCB -7.132

AA i Veienan A

Al

TUBESHEET THICKNESS FOR BENDING

Hote: hust be calcutated for shell side ot
tubs gide pressure, whicheveris
canrolling.

paiten
For integtatly fianed twbes,
the QD of e fube in ths
tubpsheet shalt be used

l For > /A .

Tube i
patiarn
Eor irdegrally inned tuloes,
the O of the tube I e
lubeshes! shall be used

2~ Code allowabie stress it
tension, psi kPu), fot
tubesheat mateial
design mstal
torporature. (e
Paragraph BCR-1.42)

P ¢ r
Shell Side Tube Sido
Prassufe Pressire
{a) D {Qasket ¢ Gasket & Design pressure, pst kPad,
shat] sichy fulse side sheli sitte 1 ube 2k, peg
Patagraph PCB-2.432
Gses revter Ses nute 1 sesracted for vaeuum when
G prasent on opposite tide or
dittesential pregsare when
agatilied by customer.
ib) 1.75 Tiaakat & Caakal i Dirsiggry gaassuos, sl (k).
3 sheill 2ity tubits Bitde shell sitfe of ube sk, par
Paragraph RCD-7.132
Soo note t See note} corrscted for vacuum when
pragent on opposite side or
differantial prewsure when
speciied By CUstoTeL.
() See Figue BCR-7.132 | Gasket G Channed 10 Design pressure, piak hPaj,
[ 17 - l'f.}f}{ '\}| shell side shiell side or lube side, pay
B b AR RCB.7.132 cantected for
1% Sen noty 1 GaROTS whini prosent on
. npposity thdy or dittrentisl
Note: / Ram = 1.0 presaure when apecitiod by
£ oNMin = 0.8 customas, of fixed tubesheet
l‘zrpu uritls, #8 defined in
FParagrapte ROR7.163 thru
HC&‘/.!E‘«S
{d} Shell IDorpart | Gashet & (shelt !
irsslde diwnoter | D H fived
for ketlie type fubashont type
wxchangers GH
Soe nate 1
(e) Shall i orport | Channal ID {shell
inside digmeter |10 if fixed
W" . fow kntile type bashuat type
achangers unit)
7 §

Table RCB - 7.132 continued next page
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TABLE RCB - 7.132 (Continuad)
¥ B P
Shell Side Tube Side P
Proseure Progaute
{3 Sno Flgurs RCB.7.132 Gaderl ¢ Channol 11 Donlgey prassute, pel (kPa},
{ $7 - "Ui 2Y] | shed side shell sidde, or tube side, per
F e DAL P Paragraph RCB-7.132
12 Sae note sorrected ot vacuum whoa
prassnt on opposite gicle, o7
pote: FBsax = 1.26 difforontial preasure when
F Win = .00 gpecified by suslomer.
Shadl 1y or post Gaskst &
nstde diamotnr | tube side
for ketlie type
axchangers Sew rote
Shedl D or port | Channet (D
ingide dismater
for feettho fype
2xchangers
’ 1.0 Deelgn prassurs, ps: (Pa),
Same G as used {or stationary shel side, of tabe sitie, per
twbashent Paragraph AGB-7.132
porractad for vaouurm Wi
progent an oppuslie gide, or
differsniial pragsure whsr
spocified by customa:.
1.0 Sarne & a5 sged for sationary Gue Peragraph RCB-7.132
tubpahet, Ao chook wsing gaskel
& of tive fhoating tubsashest
Sag note 1
(4} 10 S ATl Doty prosoura, poi o),
¢f ~ Shortesl span messured ovor afwll slda, or lube sidu, por
conter ings of gasksts. Paragroph RCB-7.132
oorreoted 167 vRsUUT whet
prasont on opposite gide, o
i Jitferertial presuurs whsn
! speciliad by c:',xh\.iamqr.
L _
4] 10 Some © ag woed Tor stationary | Dasign pressure, pel ks,
iyt b side pe pamgrafrh
HOH-7.132 coryect Tod
vaegura when present on the
shdl side. :
i D Sarmie 1 &g used for siationany Detired i Poragrapt
tubashask ROB-7 1411 :
Notes: :
1. Gasket & =the dlameter at the location of the gasket load reaction as defined in the Code.
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HOB-7. 133 TUBESHEET FORMULA - SHEAR

Tu%fﬂ d?;(g)

.

Fafeh

where

T e EHestive tubesheet thickness, inchies (e}

4 A
T = {Equivzﬁﬂm diameter of the be cenar limit perimeter, inches
e .

= Perimeter of the tube layoul mpasuned stepwise in increments of one
tube pitch from genter-to-center of the outermost tubes, inches {mm).
Figure RCB-7.133 shows the application 10 typloal trlangutas and sguare
tube pattems

FIGURE RCB-7.133

e _
iy wk
- ,(‘ S - - {
LAY WS T S hY
R [, -.,'.n L7
B T el
“dbbbdoodoad-
o .\.q”} I S Y {J:Q{ Ky
4 Wr Fa n ¥ 1
Wy LY LA
X S l\() oL
Tdharcnapd)-

> C* {perimelar) is the fangth of the haavy ling
A= Total area nuctosed by perimeater C, square fnches (mim 2

o, = Oulside tube diamater, inchas (mm), tor integrally finned tubes, the QL of
the twbe In the tubesheet shall be used.

Pitch = Tubg centerlo-Conter spacing, inches {mm}

‘j@ Fot outside packed fioating head pechangers (Type F), F shall ba ps
; defined In Paragraph RCB-7.141, psi (kPa}. \ -
\

P = |For fixed tubesheel exchangers, 7 shalt be as deflned in Paragraphs

L RCB-7.163, RCA-7.164 or RCB-7.165, pst (kPa).

For other type exchangors, P shalt be the design pressire, pst {ka),
sttt side ot Tube side, correctad for vacuurm whert present on the
opposite skis, o difierential pressure when spacified by the purchaser.

5 Code allowable stress i teaston, psl (kPa), for besheol gateriaf at
daaign metal temporature. {See Paragraph RCB-1 A2) :

MOTE: Shaar will not contol when

r e,
L2 1.6] 1 e et
5 J(l !"Hc:"l) )

Sen Table RCB-7.133 for Hustration of the application of the abowe sgialions.

~ Page 5} of 124




Heat Exchanger Design Course

By: Eng. Mohamed A. Ebcid

TABLE RCB-7.133
TUBESHEET THICKNESS FOR SHEAR

0,30 Ol p Note: Wugt be caleulated for shell side of
T TR ( y} whe side prossure, whinhevey i

( V- NS contratiog.
¢l o * Outsldy whe dameter, | Pitch = Tubs spacing, 5w Code sfirorably stoess in
inthas fmm). Forintegrafly | conmgrto.center, inches tenmion, psi (kPa), For
finned fubes, the 00 of the {raen). tizbesheel materkst 63 design
be In e tubesheet shall be mstal lempsratuce. (Sas
e, : paregraph ROB-1.42 ]

fid Dy
) y Design pressure, psi (kPa), shell side or {ube

side, corrected for vacuum when present an
opposite side, or differertial pressure wher

spscified by customer
A
0, = z{ 1—3
i) Daslgn pressurg, psi (Pa), shell side or fube O = Perimelsr of tub layout
slde, corrected for vacuum when prasent on iousuved stepwise I

opposite side, or differentlal presstre whian Inotarments of ona
specilied by customer wbe-10-tnbe pitch
centor-to-center of the
vutermost Wobea, in
tnehos ), See Fyure
nGB-7.133

A= total ares enolossd by €
I gouice Inghey fon %),
Sea Figuns HCOB-7.133

@) Deslgn pressute, pst {kPa}, shell side of tube
side, corrected for vacuum when presant on
opposite side, or differentlal prossire when
659 specifled by customer, or for fixed tubasheet

X Ly‘pe unlts, as defined in paragraphs RCB-7.183
I Jthry RCB-7.165
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TABLE RC8-7.133 Continued
r D

Desigh prassure, psi (kPaj, shelt side or tube

side, corrected for vacuum when prasert an
ppposite side, or differential pressute when
spacified by customer

¢ ("
I3 1[\ ; ]
Design pressure, psi {kPa}. Sholl side or tube C = Perimuter of tabe layout
side, corrected for vacuum when prasant o0 e Eere stapwine in
opposite side, o differontial progsure when merements of ona
spaclfied by custamer nbao-ibe pitch
centor-to-penter of the

- aulermost tubues, in
wehes i} Bee Figure
RUB-?.133

A= gotet ates encionod by
in square Inches {rme).
See Figure RCB-7.133

Dasign prossure, psi (kPa), shell side or be

sido, corrected for vacuum when pregsent on
opposita side, or diferantlal prassure when
. speciilad by customer
| 58
. ‘\
1 Design pressure, pal (Paj, ube side, cornrected
H; for vasuuim when present on the shell sida

{hy Drglined in Paragraph RCB-7.1412
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RCB-7.134 TUBESHEET FORMULA — TUBESHEET FLANGED EXTENSION

This paragr;rh is applicable only when bolt loads are trangrnitted, at the belt circle, to
the exiended portion of 8 tubsshest. The peripheral portion extended to form a flange
for baltihg to heads or shells with ring type gaskets may differ In thicknass from tha
portion inslde the shell calculated in aragraph RCB-7.132. The minimum thickness of
the extended portion may be calculated from the following paragraphs.

ACH-7. 1341 FIXED TUBESHEET OR ELOATING TUBESHEET EXCHANGERS

Mo(r2-1+3.210% oyt
r, =o.98 LA |
S (A-G)1+ 1,80 1Y)

whersa

T, = Winimum thickness of the oxtended portion, Inches {mm)

A = Outside dlameter of the tubesheet, nches (mm)

A |

R 4

M = thelarger of 4, ov M ps defined in Paragraph RCB-7.182

Note: The moments may differ from the motments acting on the attached flange.
< and G are defined In Paragraph RCB-7.132

HCH-7.1342 U-TUBE TUBESHEET EXCHANGERS

- 7w H{ Meap+0.39 ¢ 02w’
Ll SR 8
: ‘ (A~G) &

where
T, = Minimum thickness of the axtendad portion, Inchas (mm)

0.669

: . ~dp e LI ~ - <3
. wi P S = MO ~0.39w P
, AMEo
z‘ EYYEIEY B
é_ PRI )

T = Effective lubesheef thickness calculated from

Paragraph RCB-7.132, inches {mm)

(ﬁ - GZ N
= 2

M = the larger of M o1 M as defined In Paragraph RCB-7.162

Note: The moments may differ trom the momants acting ort the altached flange.
F . G and nare defined in Paragraph RCB-7.132

P = P, or P, or maximum differential pressure, as applicable.

Note: Seoo Paragraph RCB-7.13421 tor procedure.
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{ ROR-7.1342% ITERATIVE CALCULATION METHODS
Method 1

(1) Catoulate M * assuming ¥, = 7.

E (2) Catculate I then P from Paragraph RCB-7.132.
s 3y Caleulate 7 trom Paragraph ACB-7.132.

{43 Calculale 7, from Paragraph ROB-7.1342.

‘ {5) Compare Tand T, if 7'is greater than 1, caloulation 15 terminated. Use 1,
calculated. Do not proceed to Step {6).

{8y H T, is greater than T, or i it s desired 1o reduce T, below 7, select a new ratio of

T,/ T that 15 less than 1 and repeat Steps {1} through {5}, {Note: 77,/ T ratioig
caloulated using aotual corroded thickness of the part).

Mathod 2 - {ALTERNATIVE METHOD)

(1) SetM & = -~ M

(2) Caleulate P, then I from Paragraph RCB-7.132.
{3) Calculate T from Paragraph RCB-7.132.

(4) Caloulate T, from paragraph ACB-7.1342.

, (5) Recalculate M * = = ausing values ot Tand T, oitained In Steps {(3) and {4} and
 as defined In Paragraph ROB-7.1342. (Note 7./ Tmusthe 1),

(8) 1t} M * | obtained in Step {5) ig less than | M [from Step (17, calculation is
torminated. Use T, calculated in Step (4). Do not procesd to Step (7).

(7) 1t} M * [ obtained from Step (5) I greater than | & [from Step (1), repeat Step {(2)
using M * calculated in Step ). Then repeat Steps (3) tuough (81

{8y ¥ last cateulated | M * | ls less than the pravious | A Y Lused to caloulate Iy,
cateulation 1s terminated. Use last calculated value of T .

o : {0} 1 last caloulated | AM* s greater than the previous { M * | uged o caloulate Fy
a0 ropeat Step (2) using last calculated M % Then repeat Steps (3) through (5).
: Continye this process until Step (8} 1s satfsfied,

o
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RCB-7.14 PACKED FLOATING TUBESHEET TYPE EXCHANGERS EFFECTIVE PRESSURE

%

RCB-7.141 QUTSIDE PACKED FLOATING HEAD {TYPE P)
The thickness of tubesheets in exchangers whose floating heads are packed of the
outside diamaeter of the tubeshael or 8 cylindrical extension thereof shall be caleulated
like statlonary lubesheets using the formiulas for £ as defined below.
ROB.7.1411 BFFECTIVE DESIGN PREES&HR&E -BENOHG

The effective dasign pressure o be used with the formula shown in Paragraph
ACH-7.132 is given by:

E 0y sy pa? oas y L
128000 W0~ 0.
Pﬁ}jl*‘py )(l "«;{ }1
{ ‘ DrEee

where

p,= Design pressure, psi {kPa}, tube side
(For vacuum design, 7 18 nagatize.)

P, = Daesign pressure, psi {kPa), shell side
{(For vacuurn deslgn, 7, is negative.)

b o= Ou!si’dé dismetar of the floating tubesheet, Inches (mm)
gy
D= \g'i bk Equivalent diameter of the wibe center limit perimeter, inches
/% (rmy, using A as defiued In Paragraph ROB-7.133

7 and ¢ are as defined In Paragraph RCB-7.132

RCE-7.1412 EFFECTIVE DESIGN PRESSURE - SHEAR

The sffective design pressure to be used with the formula shown in Paragraph
RCB-7.133 Is ghven by: %

D*-D, *>
reroer (55 5)

i using terms as defined in Paragraph RCB-7.1411,

A
ACR-7.142 PACKED FLOATING TUBESHEET WITH LANTERN RING {TYPE W) '

o The thickness of floating tubesheets in exchangers whose Hoating tubesheels are

b E packed at the outside diamater with return bonnet or channel bolted to the shefl B
flange, shafl be calcutated as for gasketed stationary tubeshest exchangers, using F ‘ﬁ
defined as the ube side design pressure, pst {kPa), corracted for vasuum when '
presant on the shell side. 1tis incorrect 1o utitize the shell side pressure.

RCE.7.18 DOUBLE TUBEBHEETS

Double tubeshests may be used where the oparating conditions indicate their desirabliity.
The diversity of construction types makes It impractical to specity design rules for all cagss.
Paragraphs RCB-7.154, RCB-7.156 and BCB-7,156 provide the design rules for detarmining
the thickness of double tubesheets for some of the most commonly used construction types.

BOB-7.181 MINIMOM THICKNESS ‘ '

Helther componert of a double tubeshpst shall have a thickness less than that
required by Pavagraph RCB-7.131,
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RCB-7.1542 INTERCONNECTING ELEMENT DESGIN - SHEAR

The radial shear stress (), psi (kPaj, at attachrment due to differential thermal

expansion of tubesheels shall not excesd 80% of the fower Code allowable ‘
airass (5) of either of the ubogheot materlals or the intercannecting eloment at

thelr respective design temperature. The shear is definad as:

-t 60,85
t Y
» “w F & (X4 t’l‘-" o
{(Metslg) ¥ 1084 0.85
{,= Thickness of intarconnecting elernent, inches {mm}.
£
where
. Plo O magd ! ,.)(I,,(:’,)(l;.)’-'a}\
* } Usfl\l"(fﬂfn)
(a\C‘TLNQZ’T\?J}({!El){l;’.[;?)‘ B
Wetric) Fg= o e A I S
(Motric} T« (L ED LaFa)
whire
£, Force par unit measure cue o Jilf erential radial expansion, 1ot/
kN mm).
- F, = Modulus of Elasticity of tubgsheet | al mean raptal tomperature,
o . pal (KPa).
P,= Modulus of Elasticity of tubeshest 2 & mean ratal termperaue,
pst (kPa).

- a, = Cosfficlen of thermal expansion for tubesheet 1 al mean metal
, tompuerature, Inchwes Jinghy © F (mmdmm FARS B

a,= Cosfficlentdt thormal expansion for lubeshest 2 at mean metal
temperalure, Inches/inch/ ™ F tmmmm/ ).
AT, = Difference In tempetature from ambient conditlons 1o reat ' \
metal temperature for tubesheel 1.°FCCL : !

AT, = Uifferencein temperature from amblent candiliors 1o Mear
metal temperature for tubesheet 2 FE{C)

e

HCB.7.15483 INTERCONNECTING ELEMENT DESIGHM - BENDING AND TENSILE

The cornbined siresses from bending dus to differential thermal expansion of
tubisheats andd adial tenslon dus to thermal expenslor of tubes ghalfnot .- |
wxceed 1.5 Unes the Code allowable stress () of the interconnacting element.

" The eambined totat stress of interconnecting elernent (¢ o), psi (kPa), s given
by.

G,mUy*0, $1.55
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RCB-7.152 VENTS AND DBAINS

Pouble tubosheaets of the ed-?e welded type shall bs provided with vent and drain
sohmisctions at the high and low points © thegenc!osed spRioe.
&

RCB-7.153 SPECIAL PRECAUTIONS ¥

Whan double tubeshents are used, special attention ghall be glven 1o the ability of the
tubos to withstand, without damage, the mechanical and thermal loads fmposad on
them by the construction.

ROCE-T. 154 INTEGHRAL DOUBLE TUBESHEETS

The tubeshests are conngcted in & manner which distributes axdial toad and radist
thermal expansion loads between tubesheets by means of an interconnecting slament
capable of preverting individual radial growth o\{tubcashems. it Is azsumaed that the
stement is rigid enough to mutually transter alt thattral and mechanical radlal loacs
between the tubesheets. Adiitionally, it is understood that the tubes are rigid enough
to mutually trangfer alt mechanical and theomal axial loads betwsan the twubesheets.

<

FIGURE RCB-7.154

ACE 7.1541 TUBESHEET THICKNERS
Caloulate the lotal combined tubeshest thickness (1) per Paragraph RCB-7.13.
where
T = Greater of the thickness, inches {mm), resulting from

Paragraphs RCB-7.142 or RCB-7.133 using the following
varleble definitions: .

G o= Per Pamgraph RCB-7.13, Inches (mmj}, using warst case values
of shell side or tube side wbesheets al their respective design
temparaiire.

5w Lower of the Code aliowable stress, psi (kPa), for either
component tubeshest at lls respective design tetnperalure.
o Per Paragraph RCB-7.13, using worst case valuaes of shell side
or tube side tubesheets at thelr respective daesign temperature.
All gther varlables are par Paragroph AGE-7.13,
Es_!:ablish the thickness of each individual tubesheet se that {, + £, 2 T and the
mirdmum individual iubeshest thicknesses (¢ ,and ¢ ) shall be the greater of
Paragraphs HCH-7.13 or RCB.T.134, as applicable.

A
\

“ywhery

t,= Thickness of tube sile tubesheet, inches {mm}.

t,= Thicknuss of shell side tubeasghest, inchas (ym).

By: Eng. Mohgxmcd A. Ebeid
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“The stress due to axial thermal oxpansion of tubes (G ;). psi (kPa), is dofingd

a8’
| F?E
Tre ™ t A ‘ *
L F o @
{Metric) Oy = | x 10
A
where ' -

(arnTr-aesST )y A FEgphe)
(FrA)* (Eefy)

(o, AT -, &0 ¢ )(.-(i:‘r /A r‘)(ﬁz« Ag) T
(E Ay Y+ (Eefe)

The stress duse to bending caused by difforential thermal axpansion of

iubesheets O 5, psi (kPa), is defined as:

LM,

O,
& {E:,_

GM g .
{Metrie) o> ) % 10
‘g

Forg=

{Metricy Frp =

The bending moment Is defined as:

Fry
My =
T2 %
whers "
M= Bending moment per unit measure acting on interconnecting elemert,
‘, inch-pounds per inch {mm-ki/m .
» g = Spacing Botwoean twhasheals, inches {rim}. The spacing behween
i tubesheets for an integral double tubesheet is teft to the discretion o
the manufacturer. For other types of double tubssheets, the minimum
spacing Is dotermined In accordance with Paragraphs RCB-7.1652 o
RCB-7,1662, as applicable.
Oy Cosfficlent of therrmal expanslon of tubes at mean metal temparalurs,
Inches/inch/ °F (mm/mm/ ° C).

i o= Cosfficient of thermad expansion of imterconnacting elaraent at mean
Ll metal temperature, inches/inch/ ° F (mm Jrom/ ” C).

AT, = Biffarence In termperature from amblent conditions to mean metal
temporature for tubes, *F  C).

AT o= Difference in temperature froen ambient conditions 10 mean metal
termperaturs for Interconnecting element, * F {£ C).

£, = Modulus of Elasticity of tubes at mean metal temperature, psi {kKPa}.

Fyp= Modulus of Elastichty of irderconnecting glornent at mean matal
terriperature, pal (kPa).

Ay> ‘(romlac}:mss soctlonat area of tubes between tubesheets, square inches |
e}, {

Agr '(rota[?c):mss soctional area of Interconnacting sloment, sguars iches -
mme). :

§ F yp = Rosultant force dus tothe giiferpnce In therrsd sxpansion hetwesn
tubes ang slemant, I dd,
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RCB-7.1544 TUBE STRESS CONSIDERATION — AXIAL STRESS

The axdal streases in the ubes due to thermal expansion and pressure load .
shall not excesd the Code allowable stress (5) of the tubes al design
lemperalure,

The total combined stress of the tubes {v;}, pst {kPa}, 1s ghean by

Gy =UprOpp 55

The axial stress due to pressure (& 4, psi {kPay}, s defined as:

B PriG*~Ndiy

¥y
f 44y
wherfe
p . Creater of shell side or tube side design pressure, psl {kPaj.
¢ - Por Paragraph RCB-7.13, inches {rewmy.

N o= Number of lubes.

oy = Tube 0D botwaen basheets, nchos {roruy.

The stress due to axial thermal expansion of tubes (& 7}, psi (KPa). is dofined
by

Fre -
(T\“@“iC) Gyp ™ ..;é,__{, %« 10"
AR

aeE-7.188 CONNECTED DOUBLE TUBESHEETS
The tubesheets are connected i a rmanner which distributes wdal toad betwoon
tubeshents by means of an irtarconnecting cylindm. The affoct of the differential raghiol
growth between tubesheols is & major factor i lube stresses and spacing bebween
fubasheets. It is assurned the intercannecting cylinder and tubes are rigid ghough to
mutuglly transfer all mechanical and thermal axial loads betwaen the tubesheats.

J
iz g RS
FIGUARE ROB.7.155
RCB-7.1551 TUBESHEET THICKMESS _ .

Caleulate the total combined tubgsheet thickness (1) per Paragraph ROCB-7.13.

A
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wharg )
7= Greater of the thickness, Inches {mmj, resulling from Paragraphs
ggg-?igz or BCB-7.133 using variables as defined in Paragraph
-7.1541. ;

Establish the thicknass of each inchividual tuhosheat so thatt, -~ 1 T anct thw
minimurm individuat tubesheet thicknass {f Land ¢ 5} shall be the groater of
Paragraph RCB-7.13 or RCB.7.134, whaen applicable.

whora

i, = Thicknass of tube sidg tubesheel, inches .

o

{.« Thickness of shell side tubashset, inches {(mm).

RCE-7.1552 MINIMUM SPACING BETWEEN TUBESHEETS

The minimum spacing {g). inches (mm), hei&veen tubesheets required 1o avoid
overstress of tubes resulting from differantial tharmal growth of individual
theshaets Is given by:

(-

@

whete
o, = Tubs OD between tubesheets, inches {mm).
Yy, = Yiald strangth of the tube material at maximurm metal temperature, psi

{kPa).

Ar - Ditferential radial expansion Betwsan adjacent ibashoaets, inchos ().
{teasured from centor of tubesheol to DY

,J'.')?‘l"‘ . . .
FAy ”“{“‘3—4}{623’,\ Fo=a AT

whera
Dy, = Outer tube limit, inches (mm}.

RCB-7.16563 lMEHL‘:DNNECTINQ BLEMENT DESIGH « AXIAL STREDS
The interconnecting element axial stress {6 7). psi {(kPa), dus o the thermal

aypansion of the tubes shall not excaed the Code allowable stress (3} of the
Inferconnacting eloment at design temperaturs. The axial stress is defined as:

F T
e
A 5

i IR3

I
(Matric) ¢ =~ % 10°

SR
where
i:_rgw(alﬂ‘r‘!’"'?15’7:-\?-6‘}.(:{?1”'41".)(55-;iﬁ)
(ErA)+ (e As)
(ardT e=gBT IE s ArI(E e As) ‘

 Foom w 10"
Metrle) L yr (F AN (FypAg) 10

A

£y
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RCB-7.1554 TUBE STRESS CONSIDERATION — AXIAL STRESS

The axigl stresses In the wbes dué 10 thermal expansion and pressure load
shall not exceed the Gode allowable stress (5} ,0f the tubes at design .
tarmparature. ’

The total comblned stress of tubes (o). psi (kPa), Is given by

Gy ¥ O B8

The axlal stress due to pressure {0 7). psi (kPay, ts defined as:

PriG?-ne, %)
é}.,’tT 4;5,

Gp=

wherg
F - Greater of shell side or tubs side daslgn pressure, nsi (kPa).

G = Per Paragraph RCB-7.13, inches (mmj.
N = Numberof ubes.
o, = Tube OD between tubesheels, inches (mm).

the stress due o axial thermal expansion of tubes {5 45 ), poi (kP I8
determined by

e

4]
¥r ’47_
; in Ly B
(MQ““’C) T yy = e 30 F 0
Ay

BCh-7.166 SEPARATE DOUBLE TUBESHEETS

The tubeshaets are connected only by the intarconnecting tubes. The effect of
differential radial growth between tubesheots is a mpjor factor In ube stresses and
spacing between tubeshents. 1t s assumed that no. oads are transforred betwesn the

tubasheets. .

i

) e e i B

Y g {1
i S Mg ™™
FIGURE RCB-7.156
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RCB.7.1561 TUBESHEET THICKNESS

Catuulate tube side tubesheet Ihicknass per Paragraph RCB-7 .13 Use
alt variables as defined per TEMA, neglecting all cunsiderations of shedi
shele design conditions.

Catoulate shell side tubeshest thickness per Paragraph RCB-7.13. Use
all vartables as definad por TEMA, neglecting all conslderations of whbe
side deslgn conditions.

FICB-7.1562 MINIMUM SPACING BETWEEN TUBESHEETS

The mintmum spacing (7}, inches (inm), between tubesheats required o
avold overstresy of tubes resulting from d Hierential thermal growth of
individual tbeshests is glven by

(d. by

[ ¥ Rl B spp
TN 027,

RCB-7.16 FIXED TUBESHEET EFFECTIVE PRESSURE

This paragraph shall apply to exchangers having tubesheets fixed to both ends of the shell,
with or without a shell expansion joint excepl as (8 uirad or permitied b'{ Paragraph RCB-7.3.
Both tubesheets of fixed tubeshest exchangers ghalt have the same thickness, unless

1he provistons of Paragraph RCB-7,166 are sallsfiod.

For fixed besheet exchangers, the rmutually interdependent loads exertad on the
tubashests, tubes, and shell are defined in terms of equivalent ard elfective design pragsures
in Paragraphs RCB-7.161 through RCB.7.165 for use In Paragraphs RCB-7.132 and
RCE-7.133. These pressures shall also be used (with J = 1} In Paragraphs RCB.7.22,
RCB-7.23 and RCB-7.25 1o assess the need for an ezxrpansian{?mim. The deasigter shall

cﬁ:cn\t;ltiier the most adverse opetating conditions specified by the purchaser {(Sea Paragraph
-3.2.

RCB-7.161 EQUIVALENT DIFFERENTIAL EXPANSION PRESSURE
The prassure due 1o differential thermal expansion, psi (kPa). is glvers by:
!/33“'.
) 4 4 Eg d, ,;\:.;)
(D, =3,y (V+JKE

Note: Algebrale slgn must be retalned for use in Paragraphs RCB 7,163 through
RCB.7.166, RCB-7.22 and RCB-7.23.

P(I

whare
J = 1.0 for shelis without expansion joinis

[ B

5, = Spring rate of the expansion joint, Ibs/inch (kN/mm)
F I {__D.n i)
. t, N (d,~t)
. - Ly AT e
Fo=0.28+(F~ 0‘(’}LT§ ; i* ((}"} ]
{Use the calculated value of F g or 1.6, whichever is greater.)
7> and G are as defined in Paragraph RCB-7,132. '

s,
Saru(D, -1 E,

for shells with expansion joints. See Mote (1)

K=
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//\ 'y //’ e 4 ‘
RC B-Z,1554 TUBE STRESS CONSIDERATION — AXIAL STRESS

/

by paragraph RCB-7.132 or RCB7.133. (the value assumed in evaluating F
match the final computed value within a tolerance of £1.5%) Sce note (2).

£ = Tuba length between Innor wubesheut faces, inches {rmm).
AL = Difforential thermal growth (shell - tubes), inchas [mim}) (Ses Section 7,
Paragraph 1-4,5).
L. = Tubelength betwieen outer tubesheet taces, inches (mm}.
£, = Elastic motulus of the ahell matetist at rean metal temperatyre, psi (KPa). (Ser
Paragraph RCB-1,431). See Note {3,
£, = Etastic modulus of the iube material at mean metal temperature, psi {kPa}. (See
Paragraph RCB-1.432).
E = Elastic modulus of the tubesheel material at mean mgtal temperatues, pst
- (KkPa), (See Paragraph RGB-1 A32).
a = Number of lubes in the shell.
D, ~ Outside diameter of the shell or port for kettie type exchangers, inches {run).
d, = Outside dlameter of tho tubes (for integrally finned tubes, d,1s root digmaoter of
fin}, Inches {mm).
t, = Tubswall thickness (for integralty finred tubes, (s wall thickness undey fin),
inchas (mm).
{, = Shell wall thickness, inches {romy).
Motes: :
(1) .1 can be assened aaual 1o zero lor shells with axpansion joints where
(D, -t E,

£ %
B i s et

101,

(2) Tubeshuats thicker than computed are permissible provided neither shelt not tibes
are overloaded. See Paragraph RCB-7.2.

{3) For Kelile typs,

£ - F :;t.-i ]

ST (AL T oD/ DT e I (L T DD T
whaere '

. Elastic modmus of the shell matertal at mean melal temperature, psl
{(kPa}. (See Paragraph ACB-1.431 IR

Tube length between inner tubasheet faoes, Inches {rmm}.

Ty

A
e

b

~
]

Length of ketlle port eylinder, inches {mmy). i

i~
B
]

- Kattla por’é’ cylindsr thickness, inches {mmj.

=~
]
¥

o
~
i

Mean dismeter of kettle port cylinder, inches {mm}. .
Lyp™ Longth of kettle cylinder, inches {roen).
. Katlle cylinder thickness, inches (mm).

o~
Y
]

o
2
3

Muan diameter of kettle pylinder, Inches {mm}.

i~
o
fl

Axial length of kettle cons, Inches {mmj}.
T . = Ketlle cone thickness, Inches (rm}.
ACB-7.162 EQUIVALENT BOLTING PRESSURE

Whar fixed tubesheets are extended for balting to heads with ting 1ype gagksts, the
extension and that portion of the tubesheets inside the shell may differ In thickness.

¥

The extension shall be designed in accordance with Paragraph RCB-7.134. The effet

T= Tubesheet thickness used, but not less than 98.5% of the greater of the values defined

must
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ol the moment acting upon the tubeshent extongion shall be accountad forin
subsacuent paragraphs, in terms of equivalent tube side and sholl slde bolting
pressures which sre tefined as: :

p 6.2 M, *
o™ }7? o8

6.2 Ma

s

’(‘ 2 6

I
f 2

whore
Fand & are defined in Paragraph RCB-7.132.
M = Total moment acting upors the exiension under operating conditions, defined
by the Code as M, under flange design, inch-pounds {rmm-kN}.

M, = Total momernt geting upon the extension under holting-up conditions, defined
by the Code as M, under fiange design, inch-pounds (mm-kN).

F e = Equivalent boling pressure when 1ube sicte prossure s acting, pat (kPa).
P 4. = Equivalent holting pressure when Wbe side pressure is not acting. pat (Pa).
ROB-7.188 EFFECTIVE §HELL SIDE QESIGN PRESSURE

The seffective shell side dasign pressure is 1o be taken as the graatest absolute value o
the jollowing.

! .
P Py

P

or A

or Py,

Py P
I e LB 5 !
or P=P, P
where )
0.4 J{LS+EQL5+;knm[(gg
TR,

P, = Shell side design pressure, pai (KPa) (For vacum design, P, s negative).

d \E
f =l-=N 2
faml “(G)

G- Inside diameter of the shell, inches {rnmy}.

PP,

I, = Maxirmum expansion joint inside diameter, inches (mm) {12 ;= & when po
spangion Joint is present). '
Other symbols are as defined under Paragraphs RCB-7.161 and RCB-7.162
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Notes:

{1) Algebralc sign of &, ~ must be used above, and must be retained for use In
Pavagraphs RCB-7.164, ACB-7.165, RGB-7.186, RCB-7.22 and RCB-7.23°

(2} When J = @ formulaa contalning £ ,; will not control. o

(3) Delete the larm 7, In the ahove formulae for use in Paragraph RCB-7.133.

{4) For kettle type, G = port inside diarnater,

RCB-7.164 EFFECTIVE TUBE SIDE DESIGN PHESSURE

The sffactive tube side design pressure ls to be taken as the greatest absotute vaiue of
thie following:

“ Whan /7, 7 is positive

§r o=
‘)
( When £, s negative
()rp%f’f'__;{)s~_§ I".«xr
whore
poom P QK E £
t ¥ L FEF,

# .= Tube side design pregsure. psi (kPa) (For vacuurm degign, 7~ B
nagative).
Ayt |F
Fom b~ N S
¢ = Inside diameter of the shefl, Inches {mm).

Other symbols ara as definod under Pamgraphs ROB-7.161, ROB-7.162, and
RCB-7.163.

MNotes:

{1} Mgebrate sign of £, must e used above, and must be retatned forusa in
Paragraphs RCB-7.166, RGB-7.166, BHCR.7.22 aid ACB-7.23.
Al

{2) When J = O |
a) Formulae containiag , will nat gontrol.

b) When /', and F  are both positive the following formula is contyolling:

} P*“{Di\,z 1
B P — e —~ b ¥ Py
¥ 1 1\ G ’J ] !

ol
{3} Delote the term F 5, In the above fortrutae for use In Paregraph RCB-7.133.

{4) For kettie type, & = pott inside cliarmater,

peB-7.9 65 EFERECTIVE DIEFERENTIAL DESIGH PRESSURE

. Undler cestain circumstances the Code and other re ulatory badies permit design on

k the basis of simultaneous action of both shell and tdczl,:»e side pressures. The effective
differential design pressure for fixed tbesheels under such croumstances Is to be
taken as the greatast absolute value of the followenigg: )
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or Polef g Py

or PPy,

or P

or !’.‘“’lpyu I‘,&-‘
Cope-p
P oot

‘4 Pg
oo

w

ar

e

or F= Py

where

Py P gy, Poys P 80d £, are as defined in Paragraphs RCR-7. 181,
RCB-7.162, ACH-7.183 and RCB-7.184.

Motas:

¥
f"i o (1) ltis not permissible lousa (P, ~ P ) inplace of P, 1o caloulate £, 7
4 ‘W@ in Paragraph RCB-7.163, sind it 1s not permissible touse (7, -~ 7', ) In
i J | place of & to caloulals I', " in Paragraph RUB-7.164,
; .}‘» {2) Whan J = 0 the formulae containing 2 4 will not contral.
% } : (3) Dalgte the torms P, and /5, in the above formulae for use in Paragraph
A RCB-7.132.

RCB-7.166 FIXED TUBESHEETS OF DIFFERING WIQESFIES%ES

The rules proseroed in F’magmph& RCB-7.161 through ACE-7.165 and ROE-7 2

are intended for fixed tubesheet exchangers where both twbeshoeels are the

same thickness. Conditions can exdst where it ls appropriate Lo use tubasheols

of difering thicknesses. These conditions may result from significantly differing

slastic modull and/or aliowable stresses. Tha followlng prosadura may be

used for such cases: |

(1) Separate the design parameters as defined in previous paragraphs foy

; , each tubeshost system by assigning subscripts Aand B to each of the

P following terms:

TasT ,and7 g

Lagl jand Lywhera L, » Ly~ 21

FasF and F g

FoasFand F o

Note: Thevalues of A, (M, FL G 8L L Dot ud, L E,LE

and § , must remain constant throughout this analysls. 1 a fixed
wheshest exchanger has different bolting maoments at each _
tubeshest, the designer should use the values of M ;and M, that
nroduce the congatvative design. :

(7} Caleulme T, per Paragraphs RCH-7.181 through RCB-7.165 a&suming it
heth tubesherts have the pronentios of sitharrint Aand ] o« L. :
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T

LG Cong - REINF__ [ Reinforcing T
LG Level Gage PEPAD Reinforcing Pad -
Lin. fl. Lineal Foot (Feet) REQ'D Required
LLA Low Level Alarm RF Raised Face
LLC T Liquid Level .Control R Ring Joint
LLSD Low Level Shut Down RTJ Ring Type Joint = -
LR Long Radius RV Relief Valve R
LS Low Slage R Radius - '
LWN L.ong Welding Neck Sht. Service Sheet
N North SF Straight Flange
N&C New & Cold SDvV Shutdown Valve
"NLL Normal Liquid Cevel STD -Slandard
NO Number STL Steel.
NOM Nominal SCH Schedule
NPS National Pipe Size 5CR Screw -
NPT American National Taper Pipe Thread SCR'D ‘Screwed
NTS Not to Scale STR | Straddle
MB Machine Bolt SUPT Support '
MK Mark - SYM Symmetrical
MATL Material SPEC Specificalion )
MAWP Maximum Allowable Working Pregsure SP GR Specific Gravity
KD Marked 5Q Square T
mm Millimeter SR Short Radius
MMSCF Miilion Standard Cubic Feet SS Stainless Steel
MSCF Thousand Standard Cubic Feet SHT ;
FAW Manway SM ‘ T
m Meter ) SMLS Seamiess o
OA Overall SO Slip On B
oD Outside Diameter SPA Spacing T
OR Outside Radius TLE Thread Large End
OSHA Occupational Safety & Health Administration TOC Top of Concrele
0z Ounce TOS Top of Steel
0zs Ounces TS Tube Sheet
TSE Thread Small End VA Valve
T-T Tangent to Tangent VOL Volume
™w Tack Weld W. With
TW Thermowell WG Waler Gallon -
T&B Top & Bottom WN Welding Neck
TC Temperalure Control WOUT | Without
TBE Threaded Both Ends wWp Working Pressure h
TYP Typical wT Weight
USAS United States of Amenca Standards XH Extra Heavy
Institute ‘
XXH Double Exira Heavy
XX STG | Double Exira Strong

S - PN
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(3) Calculate Tsper paragraph RCB-7.161 through RCB—7.165'assuming
that both tube sheets have the properties of subscript B and Lg=1L

(4} Caloulate 1 jand 188 follows:
Foe =T a4 T«
217

P VIR

(=)
L,=28-14

{5} Hpcaiculale I per paragraphs RCB-7.161 through ACE-7.1 56 psing he
! propetties of subseript A o §  rom step 4.
5} Recalculate T 5 per Paragraphs RCB-7.161 through ACB-7.165 uging the
properties of subscript Bend L o from step 4.
{7} Hepent steps 4 through 6 untit valuns assumed i slep 4 8rd within 1.5% of
! the values catculated in step 5 fOF T yand step 6 for T s .
{gy Round 7 and T yup toan appropriata increment and revalcuiats L, and

£

[, g per siep 4.
) Caleulate he hell argd tube slrasses and the ube-todubeshest joint loads
por Paragril M RACE.7.2 lor aneh ubeshoet qyntan using tha nppropriatn

subscripted properties.

Mote. The shell and 1ube sHOESeS and g todubeshuel Jolnt loads for each
uibesheet system should thaoretically be identical. Sl difforences rhay
aist, hoveaver, Lecauso of rounding tha calculated wubeshaect thicknessns

inalep®. The wube stress and the h.lb@«kﬂulmsheet ‘oim tnads lram the
e SySlams should be averag ad belore cO aring these values to the
alipwable vatues a8 caleutated in Paragraph 1CB-7.2.

£ QOR-7.2 SHELL AND TUBE LONGITUDINAL STRESSES - EEXED TUBESHEET EXCHANGERS
Shell and tube {ongitudingl SiTESSES, which depend upan {he equivalent and elfoctive pressures
detarminet] BY Paragaphs ACE-7 161 through RACH-7.164, ahal he coleulated for fixed tubeshenl
pyehangers with or without ghell expansion jolrts Ly uging the tollowing paragraphs. e designer
shall consider he most adverse opsaling conditions specilied by the purchaser. {Bow Paragaph

E-3.2.) . .

Mote: The forulas ard desigrcriteria prosented in Paraqraphs ReB.7.23 through ROB-7.25
consider onty the tubes al the poriphery of the bundie, which are normally e most highly
stressed tubes. Adclitional consideration of the wbe siress distribution throughout tho banedie
arest to the deslgner under cecain conghitions of loading and/ot geomelry. Sue

may be of int :
the "Aecoramended Good Praciica” section of these Standards for additional information.

RCHJH1HYQROSTNHCTEST ; 3

Hytirostatic test conditions can kn?osﬁa oxcesshve shell and/oF tube stresses. These slressos

can be catcutated LY subsiiiuting the pressures and temperatures at tydrostatic test for the
approapriato dasign pressures andd metal 1emparatyres In the paragrapha that follow and In
Paragraphs ace.7.161 through /CH-7.164 where applicable. '

‘HCR-7.22 BHELL. i»@NG!TlﬁDiNﬁL STHESS
The effectiva Jongiludinal shell stress g given by:

AT L

By, e s oaroe
. ar,
wiherg
1 ¥ ¢,=1.9 axcept as noted helow
Py Note (2}
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G PLE= Py fdote {(2)

o B ¥ eIy Mot (1) :
arP,*wf‘:*I’n' : ‘ "
dr p P =Py Notes (1) and {2) "
ot P r=Py = Fa Notes {1} and (2]

or P rw P by Fa Nawe {1
where
p,=F,~F/
Other symbolg are as defined in Patagraphs RCB-7.161, RCB-7.163 and BCR.7.164, using
aciual shell and tubesheet thiclalesses and retaining algebrale signs.
" Notes: _
L (1) fihe algebralc sign ol £,* Is positive, €, = 0.5, .

{£) This formida ts not applicable for difigrential pragsure deslgn per Paragraph

RCH-7.165. 7
A conditlon of oversiress shalt be presumed 10 pxist when the \arqest absotute value ol & . !
oxpeadts thg Codo allowable stress i tansion for the shell material al design tamperature, or
90% 1eld gtrass ot hyd rostotic test, ot when the groatas! nogalive vitue of 5 ,exceeds the
Code affowable stress in compression at design tempurature. ?

ACB-7.23 TUBE LONGITUDINAL STRESS - PERIFHERY OF BURDLE
The rasdmum effective tongiiuginal tube strass, pst (kPa), althe periphaty of the pundle is

ot Lp(* » Pp‘ - P;; + P 4 Mote {11’
where

given by:
C, Fo Pt 6"

o m—T :

4 N ,{1(‘(3’”...,.“}

where
C,=1.0 axcept as noted balow

Fre=F, Note (2)
orPt=-Fs Note (2}

or Pt r Py Motas (1) and (2)

or B =P~ Fy R
ot P A= Por Py Notes (1} and (2}
ot P *=-Ps+Fa Notes (1) and {2)

P
Eq

» Other symbols are as defined in Paragraphs RCB-7.16%, RCB-7.163 and RCB-7.164, using
aciuel shell and tubesheat thicknesses and retaining algebraic signa.
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4.2 REMOVABLE BUNDLE EXCHANGERS

Removable bundle exchangers give the customer the ability to replace the tube bundle without

replacing the shell or bonnets. They are generally less cost effective than non removable designs.

4.2.1 EXTERNALLY SEALED FLOATING TUBESHEET: AEW

This design allows for the removal, inspection and cleaning of the shell circuit and shell interior. The
special floating tubesheet prevents the intermixing of fluids. In most cases, a straight tube design is
more economical than a U-tube design. »

lgront End : Rear End
Stationary Head Type Shell Type Head Type
. A
A E w

Channel and Externally Sealed
Removable Cover One Pass Shell Fioating Tubesheet

Advantages:
= Floating tubesheet allows for differential thermal expansion between the shell and the tube bundle;
= Shell circuil can be inspected, and steam cleaned or mechanicaily cleaned;
» The tube bundle can be repaired or replaced without dislurbing shell pipe;
= Less costly than other floaling head designs: BEP or BES;
= For removable bundles, it gives maximum surface area per given shell diameler;
= Tubes can be cleaned in AEW models without removing piping.

Limitations: " :
= Fluids in shell and tube circuits must be nonvolatile, nontoxic;
= Tube side passes are limited to single- or two-pass design;
» Two tubesheets are applied: front and back;
= Tubes cannot expand independently; thus, large temperature differentials should be avoided,;

" = Packing materials limit design pressure and temperature.

Applications are:
« |ntercoolers and aftercoolers, air on tubeside;
= Coolers with water inside the tubes;
= Jacket water coolers;
= Hot side fluidthrough the shell with entry nearest the front
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4.2.2 OUTSIDE PACKED HEAD: AEP

This design allows for the easy removal, inspeclion and cleaning of the shell circuil and shell interior
without taking off the floating head cover. A special floaling tubesheet prevents the intermixing of
fluids. The design incorporates the removal of straight tubes for cleaning. That is usually more costly
than designs accommodating U-tubes.

Front End Rear End
Shell T
Stationary Head Type K el lype Head Type
A E P

Channel and Outside Packed
Removable Cover One Pass Shell Floating Head
Advantages:
= Floaling tube- sheet allows for differential thermal expansion between the shell and the tube
bundle;

= Shell circuit can be inspected and steam cleaned. If the tube bundle has a square tube pilch,
tubes can be mechanically cleaned by passing a brush between rows of tubes;

= The tube bundle can be repaired or replaced without disturbing shell piping;

= For AEP designs, lubes can be serviced withoul disturbing tubeside piping;

= Less costly than TEMA-lype BES or BET designs;

= Only shell fluids are exposed lo packing. Toxic or volatile fluids can be cooled in the lubeside

circuit;
= Provides large bundle entrance area, reducing the need for entrance domes for praper fluid
distribution. :
Limitations:

= Shell fluids limited to nonvolatile, nontoxic materials;

= Packing limits shell-side design temperature and pressure;

= All tubes are attached to two tubesheets. Tubes cannot expand independently; thus, large
thermal expansions should be avoided;

= Less surface per given shell and tube diameter than AEW or BEW.

Applications:
= Flammable or toxic liquids in the tube circuit;
= Good for high-fouling liquids in the tube circuit.
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4.2.3 INTERNAL SPLIT-RING FLOATING HEAD: AES

} Exchangers with AES, BES, etc., designs are ideal for applications requiring frequent tube bundle
removal, inspection and cleaning. The exchangers have a straight-lube design, suilable for large
differential temperatures between the shell and tube fluids. They are more forgiving to thermal shock
than AEW or BEW designs, and are suitable for.cooling volatile or toxic fluids.

e Front End Rear End
] Stationary Head Type Shell Type Head Type
A . E S

y )
s;
Channel and Floating Head
Removable Cover One Pass Shell with backing device
Advantages:
= Floaling head design allows for dilferential thermal expansion between the shell and the tube
bundle; .

= Shell circuit can be inspected and steam cleaned. If it has a square tube layout, tubes can be
mechanically cleaned; '

= Higher surface per given shell and tube diameter than "pull-through” designs such as AET,
BET, efc,;

= Provides multipass tube circuit arrangement..

% Limitations: v

‘ = Shell-cover, splitring and floating head cover must be removed to inspect the tuba bundle.
That results in higher maintenance cost than with the pull-through bundle;

= More costly per square foot of surface than fixed tube sheet or U-tube designs.

Applications:
» Chemical processing of toxic fluids;
= Special intercoolers and aftercoolers;
= General industrial uses.
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4.2.5 U-TUBE: BEU

} Especially good for severe performance requirements with maximum thermal expansion capability.
Because each tube can expand and contract independently, the design works well with large
temperalure differentials. While the AEM and AEW are the leasl expensive designs, U-tube bundics

are also economical.

' Front End Rear End
Shell T
; 1 Stationary Head Type - nefl lype Head Type
J B E ]
Bonnet One Pass Shell U-Tube Bundle

(Integral Cover)

Advantages:
= U-tube design allows for maximum differential thermal expansion belween the shell and the

! tube bundie--for individual tubes too;
= Shell circuit can be inspected, steamed or mechanically cleaned;
Less costly than floating head or packed floating head designs;

= Provides multipass tube circuit arrangement;

» withstands thermal expansion applications;

= Bundle can be removed from one end for cleaning or replacement.
Limitations:

3

! » Because of the 180° bend, U-lubes can be cleaned only by chemical means;
3 = U-tubes are difficult to replace;

= Neither single tube passes nor true countercurrent flow is possible;

= Tube wall thickness at the U-bend is thinner than for straight tubes;

= Tuba circuits are difficult to drain.

Applications:
= Oil, chemical and water healing applications;
= Excellent in steam lo liquid applications.

*
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4.2.4 PULL-THROUGH FLOATING HEAD: AET

and cleaning. The floating

Ideal for applications requiring frequent tube bundle removal for inspection
the floating head to pull the

head is bolted to the floating tubesheet. That alleviates the need to remove

tube bundle.
~ Front End Rear End
T
Stationary Head Type , Shell Type Head Type
A E T

Channel and Puli Through
Removable Cover One Pass Shell Floating Head

Advantages:
= Floating head design allows for differential thermal expansion between the shell and the tube
bundle; :
= Shell circuit can be inspected, steam or mechanically cleaned;
« Provides large bundle entrance area for proper fluid distribution;
«  Provides multipass tube circuit arrangement;
« Suilable for toxic or volatile fluid cooling.
Limitations:

= For a given set of conditions, this TEMA style is the most expensive;
= Less surface per given shell and tube diameter than other removable designs.

Applications:
= Chemical processing applications for toxic fluids;
= Hydrocarbon fluid condensers;
» General industrial applications requiring frequent cleaning.
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Notes:
} . (1) 1 the lgebraic sign of P, * s positive, o= 0.5

(2) Thiis formula is not applicable for differential pressure design per Paragraph
: TURCB-7.185.
A condlijon of overstress ghafl be presumed 10 axist whern the largest positive value ol &,
exceeds the Gode allowable stress In tensdon for the wibe malerial at design ternperature, oF
an%s of yleld stress at tydrostatic test, Of when the grestest pegetive valug of &, mecentds the
allowable compressive astress as determined in accordance with Paragraph ROB-7.24.

HCEB-7.24 M«LQWAELE THBE COMPHESSIVE STHESS « PERIPHERY OF BUNDLE
The aflowable tube comprassive strass, pst (kPa), for the hubas at the patiphary of the bundle

\ is given by:
Wik Y
Se= --«-A«W7—’»--L-_v' when 5
P A y
&l \ i LF 7
. Y
o s ] AN Kkt
P I I el when  Tc7 7
IA I3 2 [} R

] where
. s
Coma] 8™
l . “\‘ Hy
5, = Yield siress, psi (kPa), of the tube material al the design metal lemporature.
(§ee Paragraph ROB-1.42).
‘ . = Rodus of gyration ol ho tube, Inches {rrmy), ghvon by

y= 025;’5:.: A, 2{{1}2 {Sea Table D-7).

[

k= Equivalont unsuppotted buclkding fongth of the tube, inches (mm). The largest
1 value considaring unsupported tube spans shall be used.
¢ = Unsupported Whbe span, inchas (M),

jo.6lor unsupported spans between two lubeshests
] J = 0.8 for unsupported spans between a lubeshaet and 2 lube support
; 1.0 for unsupported spans heteraen two ke supports

Ji, = Favtor of satety g'lven by
£o= .25 -0.5F,
Nole: F,shall not be 858 than 1.25 vl nesd not ba taken greater than 2.0.

Other symbols are as defined in Paragraph RCB-7.3 B1.

Note: The allowalble wbe compressive stress shall ha Himited to the smaller of the Code
allowable stress in tension for the tuibe material at the design trietal tproperatuns
(g0 Paragraph RCB-1 A2} or the calculated value of &

ROCB-7.25 TUBE-TO-TUBESHEET JONT LOADS - PERIPHERY OF RUNDLE
The maximuri gltective whe-to-tubeshaet Joint jond, Iba. (KM}, at tha petiphery of the bundle
ts given by: '

n F, I G*®
A N

‘ e ——————

Page 72 of 124

S
W,




Heat Exchanger Design Course

Hy; Lop. Mohamed A, Fibeic

wheare
Pt Py Mota (1}

orBr=~Ps  Noe(l)
ot P w Py Py

Poand P, aro a8 defined i Paragraph RCB-7.23. Other symbo&sré;e as defined in
paragraphs RUB-7.161, HCH-7.163 and RCB-7.164, using the actual shell and wbasheet
thicknesses.
Mote: (1) Thig formula is not applicable for differential pressure design per Paragraph
} . RCB-7.165.
The allowable tube-to-tubesheat jobit inads as calculated by the Code or other means may be
used as a guide in evaluating 1/ ;.

The tube-ta-dubesheet jolnt loads calcutated above consider only ihe effects of pressurg
{padings. The tuba-to-fubasheet joint loads caused by restrained ditterential thermal
axpangiot betwesn shell and 1ubes are considered to be within acceptable limits i the
requirements of Paragraph RCB-7.23 are met. .

RCB-7.3 SPECIAL CABES
Speclal conskieration must be given to tubasheet designs with abnormal conditions of support o
joading. Following are some typical examples:
{1) Tubssheets with portlons not adequately stayed by wbes, or with wide untubedd rims.
(2) Exchangers with large diffierences in shelt and head inside dlameters; 2.9 fixed tubesheets with
Wettls type shalt

{3} The adequa{;Ty of the staying action of the tubes during hydrostatic test, e.g. with test fings for
types S and T, or typss and W.

4) Vertical axchangers where weight and/or prossure drop loadings produce significan elfects
refative to the design prossuras.

{5) Extreme Inlerpass remperature differentials.
Cansidaration may also be given {0 speci design configurations and/or mathods of anplysls which
may justify reduction of the tubesheet thickness requirements.

neB-7.4 TUEE HMOLES IN TUBESHEETS

RCH-7.41 TUBE HOLE DIAMETERS AND TOLERANCES

Tube holes in tubeshests shatl be finishad to the dlameters atd folerances shown in Tables
ROB-7.41 and RCH-7. 410, column (ag. To minimize work hardening, a closer fit hetween lube
0D and tube 1D as shown in colurmn b} may be provided when speciied by the nurchaser.

RC8.7.42 TUBESHEET LIGAMENTS

Tahios HCH-7.42 and RCB-7.42M ?ive permissible tubesheet ligaments, il drift and
recommended maxdmum tube wall thicknesses.

*REB.7,43 TUBE HOLE FINISH

The inside edges of ube holes In tubesheets shall be free of burrs to prevent sutting of the
wubos. imernal surfaces shall be gvena workmantike finish,
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1] TABLE RCB-7.41
i TUBE HOLE DIAMETER AND TOLERANCES
(Al Dimanglons i Inches)
Moerdnad Yubs Hole Dismetee and Under Toleranss
o . Cwer Tolarance: 6% of tube
‘ Sinndesd Fit Bpacisl Gloge Fit npjas rust moat valus In column
Norninal {2} [S) foy. Remainder may nol oxceod
valye in colurmn {d}
Tube OD Nermimal Urnder P Under
Chanwetar Toleranog Dinsaige Tolerancs ic) {3
J4 0.258 G004 0.2587 0.002 0.002 | 3.007
378 0.384 .004 0. 352 {HJGZ 0.002 G007
178 0510 0.00% 0,506 £.002 0002 008
578 0.635 Q004 0.633 a.002 QU0 Q.04
P a4 0,760 00048 1,758 {002 £.002 gty
7i8 0.8585 0.80% {.88% 3002 0.002 G0
1 1012 0.004 1,010 D002 0.002 0010
T 1.264 1.608 1.261 0.003 0.003 0.0
4142 \ REAY: (0.007 1514 n.ok3a 3,003 VLIV
2 .02z a.L07 Copoig 0.003 0.003 0.010
} _ TARLE ACB-741 M
TUBE HOLE DIAMETERS AND TOLERANCES
(Al Dimensions in mmy
Nowsnal Tubs Hols Dlameter and Under Tolarance
] Ovar Tolerarct: 86% of lbe
Sandard Ft Speiad Close FR holes must mesl value in column
Nominal {a} b} (o). Femainder may nol guceed |
) wakye in coluron i)
Tube OO | Korminal Undat Mominat Lnidher
Diarnater Tolarance Dinmater Tolarnno [{] ieh)
6.4 | 5.58 o0 $5.53 0.0% 008 [RAE:)
1 B8 278 0.10 6,70 p.os Q.05 .18
3
2.7 12.85 a.1¢ 12.00 0.08 0.05 0.2¢
X 159 185,13 .10 16.08 Q.08 88 025
g 19.1 1930 0,10 19.25 0.5 0.05 028
e 322 2248 010 2243 4.05 0.05 aeh
284 2570 .10 2569 .05 0.056 .28
} 318 s2.11 0.18 3209 .08 (.08 £.218
| 6.1 28,58 0.18 38,49 0.00 0.08 026
50.8 51.36 .18 51.86 | G.oR 2.08 Q.25
R 13-7.44 TUBE HOLE GROOYING

Tube holes for expanded joints for wbes 5/8° (15.8mm) OD and larger shall ba machined with at

, loast two grooves, for additional longitudinal load raslstance, each approximately 178" (3.2mm) wide
X by 1/84" (0.4mm) deop. Whet imegrally clad or applied Wbeshests acings are used, all grooves
should be in the base material unless otherwise specified by the purchaser. Strength welded tubes
do not require grooves. Tubesheels with thicknesses less than 17 (28.4mm) may be provided with

. o groove. When utilizing hydraylic expansion, grooves shall be /4" (6. 4mm) wide,
: ¢-7.44 TUBE HOLE GROOVING

For deslgn pressures over 300 psi {2068 kPa) and /or lemperatules i oxcass of 3507 F (1777 C}, the

‘ tube holes for expanded jolnts for tubes § /8" (15.9 mmy} OO and larger ghall be machinag with at

; least two grooves, for additional longitudinal load resistance, each a prositantely 178" s:‘smm} wicle

! by 1/64" (0.4 mim) deep. When integrally clad or applied tubesheet facings are used, all grooves
shouldsbe In the base material unless othorwise specified by the purchaser. Strangth walded tubes

do not raguire grooves. Tubeshests with thicknesses less tzm.n 1 (25 4rnm) may bie pravided with

one groove, When ulilizing hydraulle expansion, grooves shall be 174" (6.4mm] wide. '
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TABLE RCB-7.42 ; ,
TABLE OF TUBESHEET LIGAMENTS AND RECOMMENDED HEAVIEST TUBE GAGES

. {All Dimensions in Inches)
Knbnsam B16. Ugaments {96% of ligaments st ) o
1 . sxthed values tabuiated below)

Tube | Tube Hoaviest | Tube | Momin | pdintrum
Ola. | Rllsh | 1 Besom- | Hote | & Pormissitie
o Fe Soer |y g ) manded Dla. | L [ Ligament

@ dy “Fubse Sid. | reent - Widi
Gage Eit | Width Tubwsheel Thikoess
BYH3
N S e pym) o2 j2j2) 3 4 5 8
/4 5/18 1.25 1118 22 6250 | 0054 0025 | 0.025 ] 00268 | 0028 e - - - F 0028
3/ | 1s0 | A8 20 o136 loosztogrr |oorp joosd | - - - - 0.050
- 3478 e 1.53 18 18 o400 | 016 | G067 | 0083 007e | 0O7E | 0070 | 0082 - - 0080
174321 1.42 8732 18 g.447 {0119 | 014 1 0130 § 0106 002 | 0083 § 0088 | 0076 0078
1/2 5,4 1.25 18 18 gs0 | @115 | GUeg | 0485 ) 0082 ory | 0075 | 0UES | 0083 © 0080
B IREIRE 18 o148 | a0 | 0497 | 0193 | 0190 | 0,107 § 0.101 § 0.094 4 0.088 047E
11716 1 1.38 I 15 6.476 | 6,157 | D148 | 0145 1 6 42 | ootan ] odaz  pee foan 0.080
58 (26/32) 1.28 n/32 13 0.625 | G146 | 0411 ] 01091 0106 1 0103 1 0. 01 ] noes | 0081 | 0088 0075
13161 1.30 3716 34 el G178 g.142 {0140 | 0137 1 0135 1 0132 pa2y | g2z |0 0.080
/8 1.40 174 \L] o240 | aoos | 0802 | 0.200 | 0197 | 0498 DAY 1 2.164 | 0178 0.120
aja 15116 128 | N6 13 0780 | 6178 | 0143 { 0141 | 0.139 | 0.137 | 0.135 } 0130 ooy | o2 0.080
1 1.33 74 12 aoso | oo | 0.0 | 0201 | 0188 1 1671 O 63 | 0169 | 0154 0.120
1-1/161 142 | 5/16 12 0303 | oo | 0266 | o.2pd | D262 | 0.260 0.255 | £2.281 | 0247 .150
1-1/8 1 150 378 12 a5 | 0331 | 0329 | 0326 | 0.394 | 0382 narg | w314 | QMg 0.185
¥/ 13321 1.2% 7732 i2 o.865 1 a20n §o1es | D73 o1 1 8.170 0968 | 0.184 1 D160 | 0157 G308
i-1/8 .28 74 12 0040 10208 | 0208 1 0203 | 020 §.199 | 0195 |} G2 0108 0.1850
1.8/18] 138 | 5/16 10 cand | o.z60 1 Doty | Gaes | 6263 | fa62 0.25% | 0284 | 0 EY1 0.3850
if41 143 378 10 0365 | 0331 | 0.330 | 0.928 | 0.328 a4 | 0.320 | D7 | 8.313 3155
i LS FZ 3 B 874 10 1otz | 0238 | 0.20% | D203 § 0202 | 0.200 0198 | 0195 ] 01928 [ o 2120
15181 1.31 5738 9 0301 | oaer | 0260 1 0.264 1 0.263 po61 | 0958 1 0285 1 0259k 0. 180
1 -é,-’& 1.38 B 2 0.362 0.330 p.a28 1 0327 | 0325 | 0427 1 0.320 0.317 | 0314 0.185

144 |19/48] 1.25 5/18 & 1.084 | 0200 | 0286 | 0.268 | 0.263 | 0.262 naet | ouse | 0254 § 0.883 D.160

1472 7B 1.26 a8 ) 1518 | 0357 | 0325 | 032 | 0.323 0322 1 0.321 ] 0318 1 0316 | 038 0180
2 2L 128 12 & 2.022 | 078 - 0.446 | 0.445 | 0.a44 | 0.443 | 0482 £.440 § 2.428 0.250

Hoten: The abowy table.of minlmum standard ligamants Is sl on a figernent laaance nol peoaeding the qurm o Bwdep tho deil dniy
1elarance plus (020" fot ubas Inas than 587 GD and 080" for tube hotoa 5707 O and Jaigar
Dlt drkfs wlesance. = G506 Ithickness of tzbeshaet in Wi diametan], inches

+*CH.7.5 TUBE-TO-TUBESHEET JOINTS
RCB-7.61 EXPANDED TUBE-TO-TUBESHEET JOWTS
Expanded lube-do-lubesheet joints ara standaid.

HEB.7.61% LENGTH OF EXPANSION

Tubes shall be expanded into the tubesheat for a length no less than 2 (50.8 M} or
the tubesheet thickness minus 1/8” (3.2 mim}, whichavet is smaller. In no case shall
the expanded portion extend beyond the shell side face of the tubashest. When

specified by the purchaser, tubes may be expanded for the full thickness of the
tubsshsel.

£7.511 LENGTH OF EXPANSION

Tubes shall be sxpanded into the fubesheet for a lenglh no less than two lube
diameters, 2" (50.8 mun), or the tubesheet thickness minus 178" (3.2 mm}, whichevor is
emaller. in no case shall the exparded portion extend beyord the shell side face of
{he tubeshest. When speciiied by the purchaser, tubes may be expanded for the fult
thickness of the tubesheel.
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‘ TABLE RCB-7.412 M
TABLE OF TUBESHEET LIGAMENTS AND RECOMMENDED HEAVIEST TUBE GAGE

. (Al Dimensions In mm)
Minlmurn Sid, Ugamonts {96% of Hgarpaniz must sgual or
_ progod values labuinted below)
Tubs | Tube Hosviast] Tube | Momin- fSinirom
Din, | Plch] o Rooom- | Hole ol Pepmisaiblie
d, 1 P '&”"’ gt ) mended] Dia. Liga- Ligapent
o Tube Sted. | rmont Wichh
ey Bago Fig | Width Tubeshast Thicknoss
BW3G
a4l zat | 808 | 638 76,2 | 016 | 127,01 1524
6.4 1704} 1281 1.58 s J &S0} 1361 10635 0635 D.ARG | 0635 - . - . 0.638
- os3t 1501318 ] 0 5951 (21084 1,056 | 1978 1.628 - - - - 1.824
25 |1e70] 133 ) 847 1B ared | 2046 j2210| 2108 epa7 L 1ops | 1778 | Le76 - - 1529
13481 142 | 3.96 8 3,736 [3.023] 289G 2794 | a602 | 2501 2360 | 2369 1 1590 1905
127 {1588] 125 | 3.8 18 12054] 2006 1261 2,169 | 2.083 oty | 1o30 | 1753 ] 1600 - 524
i 16.671 1.3N0] 3.87 16 3716 (3.048| 2.972 208702794 1 2718 2565 | 2088 | 2.23% 1906
o 17.461 187 | 4.78 16 wp06 138351 3,759 | 4883 | 2807 3506 | 2363 | a200 | A02d 2705
158 11984 1.26 1 988 15 BA2m] aris (2819 2768 | 2682 nale | 2565 | 2438 | 2311 2,184 1805
a0.641 1301 496 14 4511 lasor] 36506 | 3480 3420 1 3353 1528 | 3099 § 2972 2 288
22231 140 | 8.38 | 14 6.101 | 5.207] 5,131 50080 | 5.004 | 4953 4.601 | 074 1 4.547 3048
19,1 {2381} 128 | 470 13 10.a08| asns |ans2) 3591 | 85H 3480 1 3420 | 2.302 3,000 | 2099 2 350
2540] 133 1 838 12 con0 [s232] 5162 | 5108 | B.OUS nona | 4802 | 4801 | 4874 KEV21)
26.00] 1421 7.9 12 ra05 1680y 6756 | 6708 | 6.655 Go04 | 6.477 L 6375 1 6.274 3810
2p58] 160 | 9.52 12 0016 18,407 | B.357 | 8.280 g230 | 879 | 8077 | 7 976 | 7.849 4699
222 lar.7p) 1.25 | A6 12 {22479 5301 (4408 1304 | 4943 0318 | 4.267 | 4. 166 | 4.084 | 2.508 2087
20,501 1.20 | 6.98 12 5101 {5237 5.207 | 8.156 1 6105 5055 | 4053 | 4877 | 4275 3,048
30.46] 1981 7.83 10 7emt (eaaa| 8788 | Gra | 0880 6.655 1 6,563 | 6452 | 6.375 381
31751 143 | a8z 10 gzt las07] S8R .31 1 8.280 8230 ) & 1pB | BO52 | 7858 4.652
26.4 131751 1.28 &35 14 o5.705| 6045 {5.207] 9166 5181 | 5.080 5000 | 4953 | 4.877 A4.801 A8
a3a4] 131 ] 194 9 7695 (6702 G756 G766 | 5600 | 6620 8553 | 8477 | 8376 3010
a498] 1.98 | a6l g8 9205 |8.302] 8.3%1 §.306 | n.268 | B.204 g.420 | Bosg § 2.9 A
1.6 |30.60] 1.25 | 7.84 9 32,106 v.584 [HVRR H.73 5oo0 | B.65S | 6.528 5.553 | A.502 | 6425 q.810
3a.1 |ar.63) 1.28 | 0.53 8 ag.557) 0073 18855 8.230 | 8.204 5179 | 8153 | 8.077 | 8.020 7976 4572
08 (634807 125 $2.70 [ 5135091 12441 - 11325111302 J1.ava] 11952111227 |1 IRYIIRARY ] 5.360
Notes: The above table of el standard ligamients is based on & tigarnent tolerance not axcanding the sum of twlge the dit
drify tolerance plus 0.53Mm for tubes lees than 15.8mm 00 and D.76ewn for Wwbe holes $18.9mm GD andd dorger.
Drill drift deranice = 0.041 fbicknsss of tubeshest in tubye disneteig), mm,
HCB-7.542 CONTOUR OF THE EXPANDED TUBE

The expanding procadure shadl be such as to provide substantially uniform expanstan
throughout the expanded portion of the ube, without a shiarp ransition to the
unexpanded portion.

RB-7.513 TUBE PROJECTION

Tubes shall be flush with or extend by no more than one half of a tube diameler
beyond the face of sach ubeshest, except that tubes shall ba flysh with the top
tubesheet i vertica!l exchangers 10 taciitate drainage uniess ptherwise spelified by
the purchaser. :

ROB-7.52 WELDED TiJEIET»T(};TUBESHEET JOINTS

When both tubes and tubssheets, or tubeshest lacing, are of suftable materials, the tube
joints may be welded.

Bew-7.521 SEAL WELDED JOINTS

* when welded fube joints are used for aciditional feak tl%hmsss ordy, and tube loads
are carded by the expanded joint, the tube joints shell be subject 1o tha rules of
Paragrephs HCB-7.4 through ROB-7.51.
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-
ACB-7.522 STRENGTH WELDED JOINTS

Whet wejdexd tube jolnts are used to carry the Jongludingl twbe loads, consideration
may be g‘%iveu, 1o mnadification of the requirgrnenis of Farag:raphsﬂ(:ﬁ-“m through
ACB-7.51. Minlmum tubsshael thicknesses shown in Paragraphs B-7.131. C-7.31

and B-7.131 do not apply.

RCB-7.523 FABRICATION AND TESTING PROCEDURES

Woelding proredures and 1esting techpiques for alther seal walded of strevgth weldet
tube joints ahall ho by agrecment hatwoon the mantfacturer anl {hie purehasoer.

RCB-7.53 EXPLOSIVE BONDED TUBE-TO-TUBESHEET JOINTS
Explosive bonding and,/or explosive axpanding may be used to attach tubes tothe
tubeshests whera a%pmpriaie‘, Consideration should be givern 1o modifying the relevant
yarameters {e.¢. s-todubeshest hole clearances and ligament witdths) 1o obiain an

sffontive jolnt.

f-7.6 TUBESHEET PASS PARTITION GROOVES

Tubesheets shalt be provided with approximataty 3/16" (4.8 mam) deep grooves for pass parfition

gaskots.

CB-7.8 TUBESHEET PASS PARTITION GROOV ES

For design prossutes over 300 psi (2068 kP'a), tubesheats shall be provided with pass parlition
grooves approvimately 3 716" (4.8 mrn) doep, of other sultable means for retaining the gaskets in

place.

RreR-2.7 TUBESHEET PULLING BYES
in exchangers With removable lUbe bundles having a norminat diameter exceeding 1 2" {305 mm)
and/or g ube length exceeding 96" (2438 mm), the stationary tubesheet shall be provided with two

tapped holes Inits face for pulling ayes. Thess hotoy shall be protected in service by plugs of
compatible material. Provigion for means of pulling may hatves 1o be modifier or waivod for spoecial
construction, such as clad tubesheoels or manutacturer's standard, by agraemert betwaen the

anulacturer and the purchaser.

f13-7.8 GLAD AND FACED TUBESHEETS o
The nominal cladding thickness at the tube side face of a {ubeshset shall not be less than 5/16"
{7.8 mm) when tubes are axpanded only, and 1{'8" (3.2 mrp) when tubes are welded 1o the
ubeshest, The nominal cladding ickness on he shell side face shall not be lass than 378" (9.5
mmj. Clad sutfaces, other than in the area Into which ubes are expanded, ohall have at loast §7/87

(3.2 mm} nominal thickness of cladding.

C.7.8 CLAD AND FACED TUBESHEETS

Tha nominal cladiding thickness al the tube side face of a tubesheet ghall not be less than 3,/16
(4.8 mm) when tubes are expandad only, and 1,8 (3.2 mm} when tubes are welded 1o the
tubesheet. The rominal cladding thickness on the shell side face shall not be less than 3 {8 8.5

mm). Clad surfaces, ather than in the area inlo which tubes are expanded, shall have at least 1/8"
{3.2 mum) nominal thickness of cladding.
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8. SUPPORTS

All heat exchangers are to be provided with supports.

8.1 HORIZONTAL UNITS
The supports should be designed to accommodate the weight of the unit and contents, including the
flooded weight during hydrostatic test.

For units with removable tube bundles, subporls should be designed to withstand a pulling force equal to 1
-1 /2 times the weight of the tube bu ndle. o

For purposes of support design, forces from external nozzle loadings, wind and seismic events are
assumed to be negligible unless the purchaser specifically details the requirements. When these
additional loads and forces are required to be considered, the combinations need not be assumed to occur -

simultaneously

The references\Unde'r Paragraph G-7.13 may be used for calculating resulting stresses due to the saddle
supports.

Horizontal units are normally provided with at least two saddle type supports, with holes for anchor bolts.
The holes in all but one of the supports are to be elongated to accommodate axial movement of the unit
under operaling conditions. Other types of support may be used if all design criteria are mel, and axial

movement is accommodated.

8.2 VERTICAL UNITS

Vertical units are to be provided with supports adequate to meet design requirements. The supporls may
be of the lug, annular ring, leg or skirt type. If the unit is to be jocated in a supporting structure, the
supports should be of sufficient size to allow clearance for the body fianges.

Page 78 of 124




Heat Exchanger Design Course

By: Eng. Mobamed A, tbeid

9. LIFTING DEVICES

. Channels, bonnets, and covers which weigh over 60 Ibs. (27.2 Kg) are to be provided with lifting lugs,

rings or tapped holes for eyebolts. Unless otherwise specified, these lifting devices are designed to lift only
the component to which they are direclly attached.

Lugs for lifting the complete unit are not normally provided. When lifting lugs or lrunnions are required by
the purchaser to lift the complete unit, the device must be adequately designed.

» The purchaser shall inform the manufacturer about the way in which the lifting device will be used.
The purchaser shall be notified of any limitations of the lifting device relating to design or method
of rigging.

» Liquid penetrant examination of the liting device attachment weld should be considered on large
heavy units.

= The design load shall incorporate an appropriate impact factor.

=  Plate-type lifting lugs should be oriented to minimize bending stresses.

= The hole diameter in the lifting device must be large enough to accept a shackle pin having a load

rating greater than the design load.
«  The effect on the unit component to which the lifting device is atlached should be considered. It

may be necessary to add a reinforcing plate, annular ring or pad to distribute the load.
= The adequacy of the exchanger to accommodate the lifting loads should be evaluated.

10. WIND & SEISMIC DESIGN

For wind and seismic forces to be considered in the design of a heat exchanger, the purchaser must
specify in the inquiry the design requirements. The "Recommended Good Practice” section of these
Standards provides the designer with a discussion on this subject and selecled references for design
application.

11. RECOMMENDED FABRICATION TOLERANCES
Fabrication tolerances normally required to maintain process flow nozzle and support locations are shown
in Figure.

(3.2) +1/4°(6 4) 1/87(3.2)
:1:1/4“(6‘4) ,,:L’Y/B” t]/a"(‘}z) ;
l
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" ] ‘P_J v
3 "3
. [ Ay
N O b g:
. o
© \

, o
! + JT ol -t
;T
e -~ | It ot }
(32)
, £1/8 ' 52)
£1/87(3.2) £1/873.2) £1/8"
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The standard clearances and tolerances applying to tubesheets, partitions, covers and flanges are shown
in Figure.
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12. NAME PLATES

12.1 MANUFACTURER'S NAME PLATE

A suitable manufacturer's name plate of corrosion resistant material shall be permanently attached to the
head end or the shell of each TEMA exchanger. Name plates for exchangers manufactured in accordance
with Classes "R" and "B" shall be austenitic (300 series) stainless. When insulation thickness is specified
by the purchaser, the name plate shall be attached to a bracket welded to the exchanger. '

12.2 NAME PLATE DATA

In addition to all data required by the ASME Code, a name plate shall also include the following (if
provided):

User's equipment identification User's order number

12.3 SUPPLEN\\ENTAL INFORMATION _

The manufacturer shall supply supplemental information where it is pertinent to the operation or testing of
the exchanger. This- would include information pertaining to differential design and lest pressure
conditions, restrictions on operating conditions for fixed tubesheet type exchangers, or other reslrictive
conditions applicable to the design and/or operation of the unitor its components. Such information can be
noted on the name plate oron a supplemental plate attached to the exchanger at the name plate location.

12.4 PURCHASER'S NAME PLATE ,
Purchaser's name plates, when used, are to be supplied by the purchaser and supplement rather than

replace the manufacturer's name plate.

12.5 TEMA REGISTRATION PLATE .
The TEMA organizalion has adopted a voluntary registration system for TEMA members only. When a
heat exchanger is registered with TEMA, a unique number is assigned to the heat exchanger. A TEMA
registration plate, showing this number, is aflixed to the heal exchanger and the ASME Code data reporlis
placed on file at the TEMA office. By referencing this registration number, a copy of the ASME Code dala
report may be obtained by the purchaser from the TEMA office.
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13. DRAWINGS AND ASME CODE DATA REPORTS

13.1 DRAWINGS FOR APPROVAL AND CHANGE

The manufacturer shall submit for purchaser's approval three (3) prints of an outline drawing showing
nozzle sizes and locations, overall dimensions, supports and weight. Other drawings may be furnished as
agreed upon by the purchaser and the manufacturer. It is anticipated that a reasonable number of minor

drawing changes may be required at that time.

Changes subsequent to receipt of approval may cause additional expense chargeable to the purchaser.
Purchaser's approval of drawings does not relieve the manufacturer of responsibility for compliance with
this Standard and applicable ASME Code requirements.

The manufacturer shall not make any changes on the approved drawings without express. %@eement of

the purchaser.,Shop detail drawings, while primarily for internal use by the fabricator, may be furnished to
the purchaser upon request. When detail drawings are requested, they will only be supplied after outline

drawings have been approved.

13.2 DRAWINGS FOR RECORD
After approval of drawings, the manufacturer shall furnish three (3) prints or, at his option, a lransparency

of all approved drawings.

13.3 PROPRIETARY RIGHTS TO DRAWINGS
The drawings and the design indicated by them are to be considered the property of the manufacturer and
are not to be used or reproduced without his permission, except by the purchaser for his own internal use.

13.4 ASME CODE DATA REPORTS
After completion of fabrication and inspection of ASME Code stamped exchangers, the manufacturer shall

" furnish three (3) copies of the ASME Manufaclurer's Data Report.
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I. INSPECTION & TESTING

1. GENERAL ,
Inspection and testing of units*will be provided by the manufacturer unléss otherwise specified. The

manufacturer shall carry out the inspections required by the ASME Code, and also inspections required

by state and local codes when the purchaser specifies the plant localion.

The purchaser shall have the right to make inspections during fabrication and to witness any tests when
he has so requested. Advance notification shall be given as agreed between the manufacturer and the
purchaser. Inspection by the purchaser shall not relieve the manufacturer of his responsibilities.

2. STANDARD TEST
The exchanger shall be hydrostatically tested with water. The test pressure shall be held for at least 30

minutes. The shell side and the tube side are to be tested separately in such a manner that leaks at the
tube joints can be detected from at least one side. When the tube side design pressure is the: higher
pressure, the tube bundle shall be tested outside of the shell only if specified by the purchaser and the
construction permits. Welded joints are to be sufficiently cleaned prior to testing the exchanger to permit -
proper inspection during the test. The minimum hydrostatic test pressure at room temperature shall be

in accordance with the Code.

FLOATING TUBESHEET-——~\\\

OV

PACKING
. R

PACKING GLAND .-—./{;%_,.
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3. OTHER LIQUID TESTS .
Liquids other than water may be used as a testing medium if agreed upon between the purchaser and

the manufacturer.

*

4. PNEUMATIC TEST

When liquid cannot be tolerated as a test medium the exchanger may be given a pneumatic test in
accordance with the Code. It must be recognized that air or gas is hazardous when used as a pressure
testing medium. The pneumatic test pressure at room temperature shall be in accordance with the

Code.

5. SUPPLEMENTARY AIR TEST o
When a supplementary air or gas test is specified by the purchaser, it shall be preceded by the

hydrostatic.
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II. PREPARATION FOR SHIPMENT

1. CLEANING

Internal and external surfaces are to be free from loose scale and other foreign material that
is readily removable by hand or power brushing.

2. DRAINING v
Water, oil, or other liquids used for cleaning or hydrostatic testing are to be drained from all
units before shipment. This is not to imply that the units must be completely dry.

3. FLANGE PROTECTION
All exposed machined contact surfaces shall be coated with a removable rust preventative
and protected against mechanical damage by suitable covers.

4. THREADED CONNECTION PROTECTION
All threaded connections are to be suitably plugged.

5. DAMAGE PROTECTION :
The exchanger and any spare parts are to be suitably protected to prevent damage during

shipment.

6. EXPANSION JOINT PROTECTION
External thin walled expansion bellows shall be equipped with a protective cover which
does not restrain movement.

7. BOLTING
Bolts and nuts shall be coated with waterproof lubricant.

8. MARKING
Heat exchangers shall be clearly identified by painting the order and item number in a
conspicuous location on the Heat exchanger.

9. LOOSE ITEMS
Small parts which are to be shipped loose shall be bagged or boxed and marked with the
order and item number of the Heat exchanger.

10. REMARK
Heat exchanger fabricator shall take all necessary precautions in loading by blocking and

_ bracing the Heat exchanger and fumishing all necessary material to prevent damages.
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lll. GUARANTEE

1. GENERAL * : ,

Manufacturer shall guarantee that the Heat exchanger fulfills all conditions as stated in this
Specification and that it is free from fault in design, workmanship and material. Should any defect
develop during the first year of operation, the manufacturer agrees to make all necessary alterations,

repairs and replacements free of charge.

2. PERFORMANCE ‘

The purchaser shall furnish the manufacturer with all information needed for clear understanding of
performance requirements, including any special requirements. The manufacturer shall guarantee
thermal performance and mechanical design of a heat exchanger, when operated at the design
conditions specified by the purchaser in his order, or shown on the exchanger specification sheet
furnished by the manufacturer. This guarantee shall extend for a period of twelve (12) months after
shipping date. The manufacturer shall assume no responsibility for excessive fouling of the apparatus
by material such as coke, silt, scale, or any foreign substance that may be deposited. The thermal
guarantee shall not be applicable to exchangers where the thermal performance rating was made by

the purchaser.

3. THERMAL PERFORMANCE TEST

A performance test shall be made if it is established after operation that the performance of the
exchanger is not satisfactory, provided the thermal performance rating was made by the
manufacturer. Test conditions and procedures shall be selected by agreement between the purchaser
and the manufacturer to permit extrapolation of the test results to the specified design conditions.

4. DEFECTIVE PARTS

The manufacturer shall repair or replace any parts proven defeclive within the guarantee period.
Finished materials and accessories purchased [rom other manufaclurers, including lubes, are
warranted only to the extent of the original manufacturer's warranty to the heat exchanger fabricator.

5. CONSEQUENTIAL DAMAGES
The manufacturer shall not be held liable for any indirect or consequential damage.

6. CORROSION AND VIBRATION

The manufacturer assumes no responsibility for deterioration of any part or parts of the equipment
due to corrosion, erosion, flow induced tube vibralion, or any other causes, regardless of when such
deterioration occurs after leaving the manufacturer's premises.

7. REPLACEMENT AND SPARE PARTS

When replacement or spare tube bundles, shells, or other parts are purchased, the manufacturer is to
guarantee satisfactory fit of such parts only if he was the original manufacturer. Parts fabricated to
drawings furnished by the purchaser shall be guaranteed to meet the dimensions and tolerances

" specified.
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IV. INSTALLATION

1. HEAT EXCHANGER SETTINGS

1.1 CLEARANCE FOR DISMANTLING ,
For straight tube exchangers fitted with removable bundles, provide sufficient clearance at the

stationary head end to permit removal of the bundle from the shell and provide adequate space
beyond the rear head to permit removal of the shell cover and/or floating head cover.

For fixed tubesheet exchangers, provide sufficient clearance at one end to permit withdrawal and
replacement of the tubes, and enough space beyond the head at the opposite end to permit removal
of the bonnet or channel cover.

For U-tube heat exchangers, provide sufficient clearance at the stationary head end to permit
withdrawal of the tube bundle, or at the opposite end to permit removal of the shell.

1.2 FOUNDATIONS
Foundations must be adequate so that exchangers will not settle and impose excessive strains on the

exchanger. Foundation bolts should be set to allow for selting inaccuracies. In concrete foolings, pipe
sleeves at least one size larger than bolt diameter slipped over the bolt and cast in place are best for
this purpose, as they allow the bolt center to be adjusted after the foundation has set.

1.3 FOUNDATION BOLTS
Foundation bolts should be loosened at one end of the unit to allow free expansion of shells. Slotted
holes in supports are provided for this purpose.

1.4 LEVELING
Exchangers must be sel level and square so that pipe connections may be made withoul forcing.

2. CLEANLINESS PROVISIONS

2.1 CONNECTION PROTECTORS
All exchanger openings should be inspecled for foreign material. Protective plugs and covers should
not be removed until just prior to installation. o

2.2 DIRT REMOVAL
The entire system should be clean before starting operation. Under some conditions, the use of
strainers in the piping may be required.

2.3 CLEANING FACILITIES ,
Convenient means should be provided for cleaning the unit as suggested under "Maintenance of Heat
Exchangers” »

3. FITTINGS AND PIPING

3.1 BY-PASS VALVES
it may be desirable for purchaser to provide valves and by-passes in the piping system to permit
inspection and repairs.

3.2 TEST CONNECTIONS
When not integral with the exchanger nozzles, thermometer well and pressure gage connections
should be installed close to the exchanger in the inlet and outlet piping.
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3.3 VENTS
Vent valves should be provided by purchaser so units can be purged to prevent vapor or gas binding.
Special consideration must be given to discharge of hazardous or toxic fluids.

)

3.4 DRAINS ,
Drains may discharge to atmosphere, if permissible, or into a vessel at lower pressure. They should
not be piped to a common closed manifold.

3.5 PULSATION AND VIBRATION
In all installations, care should be taken to eliminate or minimize transmission of fluid pulsations and

mechanical vibrations to the heat exchangers.

3.6 SAFETY RELIEF DEVICES

The ASME Code defines the requirements for safety relief devices. When specified by the purchaser,
the manufacturer will provide the necessary connections for the safety relief devices. The size and
type of the required connections will be specified by the purchaser. The purchaser will provide and
install the required relief devices.
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V. OPERATION

} 1. DESIGN AND OPERATING CONDITIONS
! Equipment must not be operated at conditions which exceed those specified on the name plate(s).

i 2. OPERATING PROCEDURES

1 Before placing any exchanger in operation, reference should be made to the exchanger drawings,
specification sheet(s) and name plate(s) for any special instructions. Local safety and heallh
regulations must be considered. Improper start-up or shut-down sequences, particutarly of fixed
tubesheet units, may cause leaking of tube-to-tubesheet and/or bolted flanged joints.

3. START-UP OPERATION

Most exchangers with removable tube bundies may be placed in service py first establishing
circulation of the cold medium, followed by the gradual introduction of the hot medium. During start-up
all vent valves should be opened and left open until all passages have been purged of air and are
- : completely filled with fluid. For fixed tubesheet exchangers, fluids must be introduced in a manner to
minimize differential expansion between the shell and tubes.

4. SHUT-DOWN OPERATION

For exchangers with removable bundies, the units may be shut down by first gradually stopping the
flow of the hot medium and then stopping the flow of the cold medium. If it is necessary to stop the
flow of cold medium, the circulation of hot medium through the exchanger should also be stopped. For
fixed tubesheet exchangers, the unit must be shut down in a manner to minimize differential
expansion between shell and tubes. When shutling down the system, all units should be drained
I completely when there is the possibility of freezing or corrosion damage. To guard against water
L, hammer, condensale should be

} drained from steam heaters and similar apparatus during start-up or shut-down. To reduce water

retention after drainage, the tube side of water cooled exchangers should be blown out with air.

i 5. TEMPERATURE SHOCKS
L Exchangers normally should not be subjected to abrupt temperalure fluctuations. Hol fluid must not be
i suddenly introduced when the unit is cold, nor cold fluid suddenly introduced when the unil is hot.

? 6. BOLTED JOINTS
Heat exchangers are pressure tested before leaving the manufacturer's shop in accordance with
ASME Code requirements. However, normal refaxing of the gasketed joints may ocour in the interval
between testing in the manufacturer's shop and installation at the jobsite. Therefore, all external bolted
joints may require retightening after installation and, if necessary, after the exchanger has reached
operating temperature.

"~ 7.RECOMMENDED BOLT TIGHTENING PROCEDURE

it is important that all bolted joints be tightened uniformly and in a
) diametrically staggered pattern, as illustrated in Figure, except for
} special high pressure closures when the instructions of the
| manufacturer shouid be followed.

i
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VI. MAINTENANCE

1. GENERAL
Satisfactory operation of heat .exchangers can be obtained only from units which are properly

designed and have built-in quality. Correct installation and preventive maintenance are user
responsibilities. ' ,

2. PERFORMANCE FAILURES
The failure of heat exchanger equipment to perform satisfactorily may be caused by one or more

factors, such as:

Excessive fouling.
Air or gas binding resulting from improper piping installation or lack of suitable vents.

= Qperating conditions differing from design conditions.

Maldistribution of flow in the unit.
Excessive clearances between the baffles and shell and/or tubes, due to corrosion.

Improper thermal design.

The user's best assurance of satisfactory performance lies in dependence upon manufaclurers
competent in the design and fabrication of heat transfer equipment.

3. INSPECTION OF UNIT
At regular intervals and as frequently as experience indicates, an examination should be made of the

interior and exterior condition of the unit. Neglect in keeping all tubes clean may result in complete
stoppage of flow through some tubes which could cause severe thermal strains, leaking tube joints, or
structural damage to other components. Sacrificial anodes, when provided, should be inspecled to

determine whether they should be cleaned or replaced.

4. INDICATIONS OF FOULING
Exchangers subject to foufing or scaling should be cleaned periodically. A light sludge or scale coating

on the tube greatly reduces ils efficiency. A marked increase in pressure drop and/or reduction in
performance usually indicates cleaning is necessary. The unit should first be checked for air or vapor
binding to confirm that this is not the cause for the reduction in performance. Since the difficulty of
cleaning increases rapidly as the scale thickness or deposit increases, the intervals between

cleanings should not be excessive.

5. DISASSEMBLY FOR INSPECTION OR CLEANING
Before disassembly, the user must assure himself that the unit has been depressurized, vented and

drained, neutralized and/or purged of hazardous material.

To inspect the inside of the tubes and also make them accessible for cleaning, the following
procedures should be used: ‘f

= Stationary Head End
" Fortype A, C, D & N, remove cover only
For type B, remove bonnet

= Rear Head End
For type L, N & P, remove cover only
For type M, remove bonnet
For type S & T, remove shell cover and floaling head cover
For type W, remove channel cover or bonnet
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E 6. LOCATING TUBE LEAKS

L The following procedures may be used lo locate perforated or split tubes and leaking joinls belween
tubes and tubesheets. In most cases, the entire front face of each tubesheet will be accessible for
; inspection. The point where water escapes indicates a defective tube or tube-to-tubesheet joint\

| \ .

= Units with removable channel cover: Remove channel cover and apply hydraulic pressure

in the shell.
g 1 : = Units with bonnet type head: For fixed tubesheet units where tubesheets are an integral
‘ part of the shell, remove bonnet and apply hydraulic pressure in the shell. For fixed
i tubesheet units where tubesheets are not an integral part of the shell and for units with
removable bundles, remove bonnet, re-bolt tubesheet to shell or install test flange or gland,

whichever is applicable, and apply hydraulic pressure in the shell. See Figure E4.13-1 for
typical test flange and test gland.

oy
FOTO- | B

= Units with Type S or T floating head: Remove channel cover or bonnet, shell cover and
floating head cover. Install test ring and bolt-in place with gasket and packing. Apply
hydraulic pressure in the shell. When a test ring is not available it is possible to locate leaks in
the floating head end by removing the shell cover and applying hydraulic pressure in the tubes.
Leaking tube joints may then be localed by sighling through the tube lanes. Care must be
exercised when testing partially assembled exchangers to prevent over extension of expansion
joints or overloading of tubes and /or tube-lo-lubesheel joints.

7. TUBE BUNDLE REMOVAL AND HANDLING

To avoid possible damage during removal of a tube bundle from a shell, a pulling device should be
attached lo eyebolts screwed into the tubesheel. if the tubesheet does nol have tapped holes for
eyebolts, steel rods or cables inserted through tubes and attached lo bearing plales may be used. The
bundle should be supported on the tube baffles, supports or tubesheets to prevent damage to the
tubes.

Gasket and packing contact surfaces should be protected.

it

' 8. CLEANING TUBE BUNDLES

2 8.1 CLEANING METHODS
‘ The heat transfer surfaces of heat exchangers should be kept reasonably clean to assure satisfactory
performance. Convenient means for cleaning should be made available.

Heat exchangers may be cleaned by either chemical or mechanical methods. The method selected
must be the choice of the operator of the plant and will depend on the type of deposit and the facilities
available in the plant. Following are several cleaning procedures that may be considered:

= Circulating hot wash oil or light distillate through tubes or shell at high velocity may
effectively remove sludge or similar soft deposits.

= Some salt deposils may be washed out by circulating hot fresh waler.

= Commercial cleaning compounds are available for removing sludge or scale provided hot
wash oil or water is nol available or does not give satisfaclory results. v

= High pressure water jet cleaning.

Employ services of a qualified organization thal provides cleaning services. These organizations will
| check the nature of the deposits to be removed, furnish proper solvents and/or. acid- solutions
containing inhibitors, and provide equipment and personnel for a complete cleaning jab.
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8.2 CLEANING PRECAUTIONS
= Tubes should not be cleaned by blowing steam through individual tubes since lhis heals
the tube and may result in severe expansion strain, deformation of the tube, or loosening

of the tube-to-tubesheet joint.
» When mechanically cleaning a tube bundle, care should be exercised to avoid damaging

the tubes. |
= Cleaning compounds must be compatible with the metallurgy of the exchanger.

9. TUBE EXPANDING :
A suitable tube expander should be used lo tighten a leaking lube joint. Care should be taken o

ensure that tubes are not over expanded.

10. GASKET REPLACEMENT
Gaskets and gasket surfaces should be thoroughly cleaned and should be free of scratches and other

" defects. Gaskets should be properly positioned before attempting to retighten bolts. It is

recommended that when a heat exchanger is dismantled for any cause, it be reassembled with new

- gaskets. This will tend to prevent future leaks and/or damage to the gasket seating surfaces of the

heat exchanger. Composition gaskets become dried out and brittle so that they do not always provide
an effective seal when reused. Metal or metal jacketed gaskets, when compressed initially, flow to
match their contact surfaces. In so doing they are work hardened and, T reused, may provide an
imperfect seal or result in deformation and damage to the gasket contact surfaces of the exchanger.
Bolted joints and flanges are designed for use with the particular type of gasket specified. Substitution
of a gasket of different construction or improper dimensions may result in leakage and damage to
gasket surfaces. Therefore, any gasket substitutions should be of compatible design.

Any leakage at a gasketed joint should be rectified and not permitted to persist as it may result in
damage to the gasket surfaces.

Metal jacketed type gaskets are widely used. When lhese are used with a longue and groove joint
without a nubbin, the gasket should be installed so that the tongue bears on the seamless side of the
gasket jacket. When a nubbin is used, the nubbin should bear on the seamless side.

11. SPARE AND REPLACEMENT PARTS

The procurement of spare or replacement parls from the manufacturer will be facilitated if the correct
name for the part, as shown in Section 1, Table N-2, of these Standards is given, logether wilh the
serial number, type, size, and other information from the name plate. Replacement parts should be

purchased from the original manufacturer.

12. PLUGGING OF TUBES

in U-tube heat exchangers, and other exchangers of special design, it may not be feasible to remove
and replace defective tubes. Defective tubes may be plugged using commercially available tapered
plugs with ferrules or tapered only plugs which may or may not be seal welded. Excessive tube
plugging may result in reduced thermal perfarmance, higher pressure drop, and/or mechanical
damage: It is the user's responsibility to remove plugs and neutralize the bundle prior to sending itto a

shop for repairs. i
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INSTALLATION -

LS N
" 1. Provide sufficient clearanca at the slationary tubs siwel ol 10, Be sire the entire system is clean befors starling ape atien to
d the unil to pesmit rerrtowet of tobs bundles fiom shells. On peemsent plugging of tubes w sand o mfusz, The use of

, the packed fleating tube shest end, o spacs of 3 or 4 leat straingre in settiing tanks in pipe lines feading 1o the unit s
| should be provided to permit e ternowl of e rsir hewnd, recommandad.
= packing and refainar ringe. 11, Drain contietions shoubd rot b pipad o oo s

5 Provide valga and by-passes in the piping syatems 3o that masilold.
AL A oy i TP R | 1 et b T GO NP
! 23:2;223’:;2; ?;:?t ttzllx :;:;gi:j:;:’g;&r;ﬁjg passad o peert 2. Stoom hamimer an cause s-taripms dgmaga_to the lLai?es ot any

] o e heat mrchangen A carefal conaideration of e following poinis

! A, Provide thetmometar welis sred pressurs gauge gonnechnn bafora an stallalion is mads can pravent cosily repatrs which

i in ofl piping to-and from the unit and located a3 near the und may be cousad by steam hammes.

‘ s possible . A vacuum broaker endior vent, should be used in aecor-
L, & Provide convenien] means it Irssuently el et a3 Aancn with thia bepa of stven syslom instatiac
» " 5 4 - B

ﬁ suggested under "Mantenance. b, The proper Uap ko the steam system installad should e
ij 5. Frovide necessary mit vent cocks for units 80 they can be saeaed.

; ?W?{m k,} pr@{mﬂ o rfive apor o gas hinding of eifer e &, The trap and the condensale return line o the trap shoild

" ube or the shell sldes. . T g . ’

| he properly sued for the tetal capacity of the convestor.

‘3 8. Foundations must be adeguate so that axchongers will not d. The bap shovld be sized for he prosau Elhe U {
| anttio and cowse plping stralns, Foundation bolts shoulkl be ‘ }‘,". 'l.“"‘: NSO a;:\,.. alor e ‘l”’;“"o at the trap, no
t sat te allow for setling inaccuracles. In concrele fonlings, pipe ths ot preessure 1o e stean controlle

sleaves al least one size larger {han boll diameter slipped pver e. Condensate should be piped arxl pik;hed v & condensale
$ the bolt and cas! in place are bast for this purpose, as they reneiver, condanaate return pump of drain ot an slevation
. allow the bolt canter lo be adjusted alter the trundation has below e hoal axchanger.
i sel. : '
) 7. Loosen loundation bolts at one end of unit o aliow fme . . .

| axpengion of shells, el holes in foncdation brackels aa CAQ“.ON; _L’””% 1':'”,“)5 ot shutcown, yr.?!u ﬂ’ﬂ;’?l_ﬂ(’;
o provided for his pupdse. R spansion oAl atoul Ve pgeomiisnd the inslstintion
: of a proparly szed reliel valve on both aides of the haat
: 8. Bet exchangars level and sguare so that pipe cormesclons sxchanger,

H may be mada without fercing. :

‘ i 9 inspect all opanings iy exchanger for foraign matarial. Fe e
; meve all waoden plugs and shipping pade just belore a

) instaliing. Do pot sxpose unils 1 the slonaals withy pads or

%' piler covare remaved from noazies or alhar opativgs snea

! rain water may enter the unit and cause savate damags dus

to freezing.
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DPERATION

1. Wi placing s unit opseration, opsn he vt connaetions
and start 10 cieculste the cold meditr oniy. Ba aue that the
passagas In the exchangar ars entinsly filled with the cold el
helare tlosiy) the vents, The st oandiun showld than be intie
duged gradually until all passages aie fillert with fauid, closs
vants ang sewdy hring the unit up 2 temparaturns.

2. Start oparation gradualy. Do not admit Bot fluid to the unit
aueldenty wham armply of pold, Do not ghook unit with ol Buid
when unitis hot. )

e

- CAUTION: Flulids rsst be gradually prdrer et the
unit. Fafture to do so con ¢auss damage lo the heat
gxcharygar.

§ iy

lid b sl off brst

o

iy shwstting doowsn, fow ol Bl madian ghe
IF 1 i nocessary to stop ciratalios Rlay
culation of hot msdium should alan be slopped by by-passng
or aiberwise.

25 of thosn

4. Do nol operate squipment urslar sonditions in ax
specified on nameplate.

WARMING: Faiura 0 opersis the haat exchangas

within the desgn fressure and lpatatun oo the
nameplate may rasull In damage to the heal axchanger and
potential njury to adjacent porsonnel.

5. Drain all fuids wher shutlrg dowr o alininade posability of
frpezing Bnd conosion. 1 uarel aganst water Barmimar, o
densati shoubd by drained from shaam lesatars Al il
apparalus both when stacing up and when shuttnng down.

In all insladiations thers should be na pulsation of Hucds s
thiz couses wibration and strain with pesufting fenka.

o

7. fif gasketd joints shoutd D2 checknd alter stotng Fr Joaks
e tightarsed if necessary.

MAINTENAMCE

1. Do net apen heods unlil sH prosgurs is oft aoaipient anst 1he
urtit s drained.

5. Do not blow out heat exchargers with air whan operalie
fhatds are ol o Hamenable of oifenyisy baardous nalla.
g WARNING: Pmper precauticns must b fakan {sparal
clothing, equpment, elc) o pmtect personnel o
njury cue 10 BECARIng fhuicks.

Hustentionn Mo, 1 - The medhod smployed push ube bordia oa
of shedl.

Provide convement maans for frecpienlly cleaning heat
oxchangars as suggastad ko

s

a. Circulaling hot wesh of or fight cligtitioie thmough fwies of
shetl al good velecily wil atfonlually ramows shidge oF
ather gimilar solt deposils

b. 8ok mal deposits may be washed out by cuculating hot
ronh vealar.

o, Scig cleanmg compounds on the wmarked, such as
“Oalite” may be usad o scbvantone for raraving sludge or
coke, provided Tok wash il of water, 93 ceactibed abovs.
tloag ol give satizfaniony rasutis

s arn offectieg for

o it pore of the aliove s

e rarnoncsd of band ¢ e al rmans
may be wsol. The interior of g tibsas may Deredided.

wiean Fadling

g, Lise

sartait o
e avl skin prot

To clean ot nspect insile ol wibies 1armye rhannat cover g
rear head. On srchongers fuvedng bonnet type heacs (wilhout
charnal cover), Fping tmust be dizeonracted and both haavds
removed.

steam trolgh nd-

U ool alterp! o clear: ubes by brloresiry
vickual Wubes Thes awathents the sl aned rasulin i fube

5,

irnps Jeakig

expangion atrains and som

Frequantly and al rag oy fureals, oliserve intuios ancd exte-
rior condition of it tubes and ke thain clean ieguency of
claanmiy shotlkl b aecartding ta scok banled-

CAUTION: HMaglect in keejsing alf tubes cleas may

waull o aompliets sloppags of Paw Ihpugh soime
frabes wilh consaguent overtaating of thean lubes, resultmg
iy Severe expansion arans laahing ube jolnts, arwd danviinge
oy the haat exchanger

et fo foudng o sealitg shuokd be chearnd

Fx i
Pk B A kgt sledge o seate seating o0 the fube grantly

reclucna ite affectivanass. A matked heranss in prassure drop
andior rodduction in parlonpancs gaunlly inchentan CiBANINgG i
ssary, 1 e unit has Laen el for an or vapns bind-
undd ot 1o be tha causae, Since the it
b ks o
ruingys siroudd rod

ing and thia has boen 12
fieuity of oHarrng et :
deposits incraases, the nbe

Fighen baangd

Turing buedle rameval, the deatd weghl of bundia should
et e supporiad on inetvidual wbas sines (he ubes o
amall and of alalively thin mstal. Fest he bungdin on tha
b sh

panphary of the bundle.

rermoval

g

3

o supperd plales o0 woodt Fdocks oub to il

b. Be aure thors 1s 2 wolt woaod filler batiesn arvds of Wbes
and sheet bessing phade when pushing Pamctie ool On
smalier burdles of 127 diamater and udse it is pormis-
cible to use hard wood block in place of waeed fller and
staal bearing plates. See Hustation Mo 1

tiuba bundine may be rased using shegs feomacd by aned-
g light plales into a "L’ ferm and altechog lifting uns to
tha anda o1 the sheets. Raflkes can be ensily bant and dan-

aged if dragued avsr rough surtacas.

e
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CAUTION: Fallure 6 follow the procedures rriewitiorsd

it leps Ba, b, and ¢ ey esult in damage 1o the fuben
or whe jeits leading © pramalurs faflure of tha hest
exchangar.

9. Removing the tbe bndle: .

Pofer o dawings on pages B and 7 giving part names of
models MEAH, DG, GG and ACA. The maordel MEAH Wb
otviing are mote difficalt o emove than the pher meordals,
The MEAH exchangar bas the horizental batiies (M) exlending
frorr the stationany tule steal () to shoul 2 rwhes of e
paclked floaling Wbe sheet (F). Tao rubber batle sips #) are
aclhared fo the herizortal steal batlie (Mi The rubbser balfte
atrips seal the apave between the shell and horizonta! ballle,
and prevent fiquid by-passing. These rubber ballte stripe (53
i the MEAH act as brakes against the shel rnakirg burdis
resmenal srisre difficult

1, hieist iUindo the

a. IF the exchanger is Hifioull o work ur
apen nftgr dissonnecting piping.
siration No. 2.

59003

b, Hemows front (8) ar\\d roor (Fy heads. S

gt

Tuntratioe Mo, 2 - Bomowing recr head isermplataly remave Trent and
raar heads),

/‘//» M\\
-~ o
e ~
ACTAMNER Asg .
R SOVER ASRERABLY ‘.
END FLARGE Y RETBHENR S
- S Al kY
RELIEF ;
/ v%wt«: h FLOBTING &
{ GRENING

{1
l

RS
GROSS SEGYION 08 TYPE 0L HEST EXGHANGER
SHOWING FLOATING REAR TURE SHEET CONSTRUTTION
. -

lustration Ho. 3 - Crozs section of lype “CC” Heal Exchanges showiryg
renr habe 2heet coretruction. (See packing retaines detail)

Miustration W, G - Marking vof Jubm ehmet el shed Tl

& S

i TS

AR
g off retn

Hustration Mo, 4 - ey

SEALE MABKE

. Homove packing £31 and retaining rings {(H). ey b
sary b g fightly en tig eelamer rmge for sty {heir
st Wiore detait of foaling tube shest ia givan in
alion Mo 3. Hustration No. £ pihod of prylog
e v off 8 dapren :
avenly | the clroinmier
not bingd on the foating tube sheet.

re

for nter rg

lgnmed,

d. Bhark wbe shest (¢

i

Woashatios: Mo B

arel shad flangs

Uze chaln jock. One suilable is Coffing Hoist. todeat WMs-15
Y. ton capaoily. Flece shool piece ed st hardwioo:d {Daky
betwea chain of jack and fing fube sheot By See
fustrationn Mo, 1. Use longsr 4x4 pieces as Hundle s
removed. Support the bundis by liftig o reating on the
stationssy tube gheel (8), 63 bundis s pashied ool flg-
Fation Ko 8

@
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10, Heplacing the fbe bundta:

ol ACA, GO, MEA, REAH et O
s replaced using

The tubxe burdies for rmod
{the packed floating tube sheet unidsl can
s lools and reverse prosedure given for bundle rems Ak,
Lisually, the bundlzs ACA B0, WMEA anl 00, o be showel
Rk into the shell () masnaly without the use of the chan
jock. '

It may ba necessary to use the chain jask whan teplacing
PAEAH bhundies.

fahioh has tha fong atest hor
1 stripe 40

CAUTION: Modat MEAR
irrrtal BT 08 with Thn roisber Paiffie sening
acherad 1o e nopzentad Lelle)

3%

ghripe Defwan (he shal
2 (O st cu

Tiye rulsize baffle 2¥ips (0} arn saaling
and bordeonial balfle My The ndsber Exaifles 2

slong the shell (G} fowards the shel's Rauid i et
hguid pressus fowes the rubber ballle strips against shelf anc

wegle 11 Thie is shown io Hlustration No. 7.

lapatrntion Mo, 6 — femoval of tube D fiex

NOTE: Whers raplacing heacls use a loraue wianch.

a. O heads iont hoads) with gaskets, fightan it rhaneles olls
to 40 B s, and %' diarmsler boils 1o 80 1L lbs. It the gasksst
jaint st leala, ighten in 5 1t s, orements until leak siops

b. On heads with packing {resr teads), tighten imitially 1o B0t
Jaz. i the packing stilt leaks lighten in &1t s, incraments ustl
wak stops. Do nol excsed 100 £ ibe. on the boils for the
pasked be

“Thy above forgue valuns apply o well lubricatad nut Lrparing

Misned wedformly and ina distiebd
rastrated below:

Al bolted joints shoukd b
cally slagyared pults
HTHRT

anepemg methoct of Tt I inchie suyrpoit,

RONA §17UE
{Most ead apaerid
ip mhuvesay

Lo

S

Puateation Fo ¥ - Poston of nbber hatha stps angd fepded ket i

alation o sach othel when assemibliog sl
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FIGURE G-5.2M HEAT EXCHANGER

SPECIFICATION SHEET

Customer

Job No.

) Reference No.

Address

Proposd No.

Planl Location’

Dale

Rev.

Service of Unit

item No.

(Hor/Vert) Connecled in

Parallel Series

Size Type

Surffunit (Gross/Eff.)

Sq my; Shelis/Unit

Surishelt (Gross/E)

Sqm

PEREFORMANCE OF ONE UNIT

Fluid Aliocation

Shell Side

Tube Side

Fluid Name

Fluid Quanlity Total

kg/Hr

Vapor (In/Out)

Liquid

Stearr

Water

Noncondensable |

Temperaiure (InfOut) *

°C

Specific Gravity

e

[

Viscosily, Liquid

Cp

Molecular Weight, Vapor

Molecular Weight, Nonoondensable
Specific Heal |

Jikg "C

Thermal Conductivity

Wim "C

Latent Heal

Jkg@C

Inlet Pressure

kPa(abs.)

Velogcity

mfsec

Pressure rop, Allow. /Calc.

kPa /

Foulng Resistance (Min.)

Sqm "CIW

Heal Exchanged

WMTD (Comecied)

°C

Clean

WISqm "C

Transfer Rale, Service

CONSTRUCTION OF ONE SHELL.

Skelch (Bundle/Nozzle Orier ation)

Shell Side

Design / Tesl Pressure

kPag /

Tube Side
1

Design lemp. Max/Min

°C / /

No. Passes per Shell

Corrosion Allowance mm

Conneclions {In

Sized Out

Rating |Intermediate

Tube No. OD

mm; Thk (Min/Avg) mm;Length

mm;Pitch

mm « 30, 8 S5-B-90 €>.45

Tube Type

Materia

Shell D

oD mm Shelt Cover

{integ.) {Remov.)

Channel or Bonnet

Channel Cover

Tubesheel-Stationary

Tubeshesr Floatng

Floaling Head Cover

Impingement Protection

Baffies-Cross

Type

%Cut (Diam/Area)

Spacing: ¢/c inlet mm

Baffies-Long

Seal Type

Supports-Tube

U-Bend

Type

‘Bypass Seal Arrangement

Tube-lo- Tubesheel Joint

Expansion Joint

Type

pv-Inlet Nozzle

Bundie Enlrance

Bungdle Exil

Gaskets-Shell Side

Tube Side

Fioaling Head

Code Requirements

TEMA Class

Weight / Shell

Filled with Waler

Remarks

Bundle kg
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i Heat Exchanger Design Course
w . By: Eng. Mohamed A. Ebeid
é COMPARISON BETWEEN DIFFERENT HEAT EXCHANGER TYPES
Type of AEU AEW AEP AES AET ) AEM BEM
] Design BEU' | BEW .| BEP BES BET CEU NEU AEL NEN
o E
Relative ;
9 | Cost(1 Is 3 6 7 8 9 2 1 5 4
J:%j‘g omfest, 9is
. highest)
L Removable Yes Yes Yes Yes Yes Yes No No No
? Bundle
?\ Replaceable Yes Yes Yes Yes Yes Yes(1) Yes(2) No No
Bundle :
g Removable ,
' Bonnets/ Yes Yes Yes Yes Yes Yes No Yes No
Channel \
Individual ol
Tube No Yes Yes Yes Yes No No Yes Yes
Replacement
b T(;::ns;ir?; Chemical Chemical & Mechanical Chemical | Chemical {Chemical & Mechanical
i
{
}
Shell side . . - . . .
L Cleaning Chemical & Mechanical Chemical | Chemical | Chemical
!
) . Double
Tubesheet § Available No Available No No Available
- Design
«} Number of Anv even
N Tube side v 1-2 Any Any even number Any Any
Passes number
5 Provision for] Each tube Each tube expands Expansion Joint when
i Thermal expands Floaling Tubesheet Floaling Head i SR R ’
8 Expansion freely freely Applicable
: Chemical Cleaning Includes chemical cleaning,water blast and steam cleaning
K 1) Tube Bundle replaced with channel
J 2) Bundle can be replaced, however tube tubesheet would have to be cut off and re-welded.
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’ By: Eng. Mohamed A. Ebcid
Ay PROPERTIES OF MATERIALS -
g CARBON & LOW ALLOY STEEL
PROPERTIES OF MATERIALS ( contd. )
23 - ' P Tensile Yield
T Specifications Number Strength Point
| Form Number Grade 1,000 psi 1,0?0
i psi.
SA - 283 C 1 55.0 30 .0
SA - 285 c 1 55.0 30 0
SA 515 55 1 55.0 30.0
" SA -515 60 i 0.0 32.0
i SA-515 65 1 65.0 35.0
é SA - 515 70 1 70.0 38.0
" SA-516 55 1 55.0 30.0
" BA-516 60 1 60.0 32.0
SA-516 65 1 65.0 35.0
SA-516 70 1 70.0 38.0
L SA - 105 1 70.0 36.0
4 1]
| 9g _g_ SA - 181 | 1 60.0 30.0
ZZE SA - 350 LF1 1 60.0 30.0
T LF 2 70.0 36.0
SA-53 B 7 60.0 35.0
. SA - 106 B i 60.0 35.0
EQ
o 0
@
(V7]
o SA - 193 B7 125.0 105.0 | DIAM> 2 1
P /2inand <
5 4in
| o] SA-194 2H R 55.0 N
| @ SA - 307 B - 55.0 -

iR
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By: Eng. Mohamed A. Ebeid

Properties of Materials Carbon & Low Alloy Steel Maximum Allowable.
stress Values in Tension 1000 psi®

Specification

Y

For Metal temperature Not Exceeding Deg. F.

Number Grade. | 2010650 | 700 | 750 | 800 | 850 | 900 | 950 | 1050 | 1100 | 1150 f 1200
SA- 283 c 127 - - - N N » - » N -
SA=285 C 13.8 133 121 | 102 | 84 65 - - . ~ -
SA-515 55 138 133 |21 702 | 84 | 65 | 45 | 25 : : .
SA—515 60 5.0 744 | 130 108 | 87 | 65 | 45 | 25 - - :
SA- 515 65 16.3 155 | 130 114 | 90 | 65 | 45 | 25 - - -
SA-515 70 175 166 | 148 720 | 93 | 65 | 45| 25 - . -
SA-516 55 13.8 133 [ 12.1| 102 | 84 55 | 45 | 25 - - :
SA-516 | 60 15.0 744 | 130 108 | 87 | 65 | 45| 25 : . .
SA-516 \\ 65 6.3 755 | 130 | 114 | 90 | 65 | 45| 25 - X —
SA-516 70 175 766 | 1481 120 | 93 | 65 | 45 | 25 - - .
SA- 105 i75 66 a8 720 | 93 | 65 | 45| 25 " - -
SA- 181 i 5.0 144 [ 30| 108 | 87 | 65 | 45 | 25 - - -
SA- 350 [F 1 5.0 744 [ 130| 108 | 78 | 50 | 30 | 15 N - .

LF 2 17.5 166 | 148 120 | 78 | 50 | 30| 15
SA- 53 B 5.0 144 | 30| 108 | 87 | 65 y - - : -
SA- 106 B 15.0 44 [130] 708 | 87 | 65 | 45 | 25 R - -
SA- 193 B7<2% | 250 550 | 236 | 210 | 170 | 125 | 85 | 45 : B
SA- 194 7H . - - - N - . : : - N
SA- 307 B - - - : - _ . . - .

"The slress Values in this table may be interpolaled o determine values for intermediate lemperalures.
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By: Eng. Mohamed A. Ebeid

: FLANGES

Flange Facing Finish

In pressure vessel construction only gasket seats of flanges. studded openings. elc.
require special finish beyond that afforded by turning. grinding or milling.

The surface finish for flange facing shall have certain roughness regulated by Standard ASME B16.5.
The roughness is repetitive deviation from the nominal surface having specified depth and width.

Raised faced flange shall have serrated finish having 24 to 40 grooves per inch. The cutting tool shall
have an approximate 0.06 in. or larger radius resulting 500 microinch approximate roughness ( ASME
B16.5-6.3.4.1) ‘

The side wall surface of gasket groove of ring joint flange shall not exceed 63 microinch roughness.(
ASME B16.5-6.3.4.3)

Other finishes may be furnished by agreement between user and manufacturer.

The finish of contact faces shall be judged by visual comparison with Standard ASME B46-1. The
center part of blind flanges need not to be finished within a diameter which equals or less than the bore
minus one inch of the Joining flange, ( ASME B16.5-6.3.3) '

Surface symbol used to designate roughness A/ .is placed either on the line indicating the surface

or on a leader pointing to the surface as shown below, The numbers: 500 and 63 indicate the height of
roughness; letter "¢ the direction of surface pattern: "concentric-serrated” .

o Aremnmanssaprome e e e R e

| SOV, e

SYMBOL USED #5237 PRACTICE
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' By: Eng. Mohamed A. Ebeid
150 FLANGES O
STANDARD ASME B 16.5 l
1. All dimensions are in inches. [j N
- 2. Material most commonly used, w7 * ) ey
forged steel SA 181. available also : _r h_,% g
in stainless steel SA 181 and non- e /A;E,_Jnl
i ferrous metal. N O — l L
3. The 1/16 in. raised face is included [ el LEE N )

WELDING NECK

EE

in dimensions C, D and J.

4. The lengths of stud bolls do not r —
i
"

include the height of crown. 7
A A8,
At

5. Bolt holes are 1/8 in. larger than
bolt diameters. ! /
6. Flanges bored to dimensions e
s shown unless otherwise specified.
7. Flanges for pipe sizes 22, 26, 28
i and 30 are not covered by ASME
B16.5.
7 SEE FACING PAGE FOR DIMENSION K
AND DATA ON BOLTING.

ot M

E1EP - OH

1 hLIND

ey Nominal Diameter of Bore Length Through | Diameter | Diameter | Outside Thickness
‘2 Pipe Size Hub of Hub at | of Hub at | Diameter | of Flange
i Point of | Base of Flange
welding
i A B C D E G H J
; Ya .62 .88 17/8 5/8 .84 1 3/16 3% 7116
Y .82 1.09 2 116 518 1.05 1Y 37i8 Yz
1 1.05 1.36 23/16 11/16 1.32 1 15/16 4 9/16
1% 1.38 1.70 2 13/16 1.66 2 5/16 4 5/8 518
i 1% 1.61 1.95 27116 718 1.90 29/16 5 11116
2 2.07 2.44 2 1 2.38 31/16 6 Ya
; 2Ya 2.47 2.94 2% 11/8 2.88 3 9/16 7 718
‘ 3 3.07 3.57 2% 13/16 3,50 4 Y 7Y% 15116
‘ 3N 3.55 4.07 21316 | 1'% 4.00 4 13/16 8% 15116
4 4.03 4.57 3 15116 4.50 5 5/16 9 1516
: 5 5.05 5.66 3% 17116 5.56 6 7/16 10 15/16
; 6 6.07 6.72 3% 19/16 6.63 7 9/16 1 1
8 7.98 8.72 4 1% 8.63 9 11/16 13 % 11/8
i 10 10.02 10.88 4 1156/16 | 10.75 12 16 13/16
12 12.00 12.88 4 Y, 2 3116 12.75 14 % 19 1 Ya
| 14 13.25 14.14 5 2% 14.00 15 % 21 13/8
16 15.25 16.16 5 2% 16.00 18 23 Y 17116
) 18 17.25 18.18 5% 211/16 | 18.00 19 7/8 25 1916
| 20 19.25 20.20 511/16 | 27I8 20.00 22 27 Ya 1 11/16
1} 22 21.25 22.22 5718 318 22.00 24 Y, 29 Y, 113/16
24 23.25 24.25 6 3% 24.00 26 1/8 32 1718
.y 26 To 26.25 5 33/8 26.00 28 Y 34 Y, 2
28 be 28.25 51/16 3716 28.00 30% 36 Y2 21116
! 30 specified | 30.25 51/8 312 30.00 32 % 38 % 218

>
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150 1b.
LONG WELDING NECK

1. All dimension are in inches:
2 Material most commonly used, forged steels SA 181.
\\ Available also in stainless steel, alloy steel and non-
& ' ferrous metal.
&"W"“‘”“”“: 3. The 1/16 in. raised face is included in dimension J and
3 N 4. The length of bolts do not include the height of crown.
\\l 5 Bolt holes are 1/8 in. larger than bolt diameters.
%* R 6. Dimensions, M (length of welding necks) are based on
’,.,.W__, A.J data of major manufactures. Long welding necks with
necks longer than listed are available on special
\ order. '
: SEE PREVIOUS PAGE FOR DIMENSION J.
Outside No. of | Diam. Bolt Length of Bolls Outside Length | Diameter | Nominal
Diameter | Holes Of bolts | Circle Diameter of Bore Pipe Size
of Raised
Face
K 1716 Ring L M N
Raised | Joint
Face
13/8 4 Y 23/8 2% - Ya
111/16 4 Ya 2 % 2V - %
2 4 Ya 31/8 2% 3% 2 1
2 Y 4 Ve 3% 2% 3% 2 3/8 1%
278 4 Ya 37/8 3 3% 2 5/8 1Y%
35/8 4 5/8 4 % 3V 3% 3% 9 2
41/8 4 5/8 5% 3% 4 3% 2%
5 4 5/8 6 3% 4% 4.V 3
5% 8 5/8 7 3% 4% 478 3%
6316 |8 5/8 7% 3% 4% 5% N5
75116 |8 % 8% 4 4% 6% hd 5
8 % 8 % 9% 4 4% 7% 2 s
10 5/8 8 Ya 1% 4 Y 4% 9% 12 g 8
12 % 12 7/8 14 % 4% 5 Y 12 & 10
15 12 7/8 17 4 % 5% 14.3/8 @ 12
16 Y 12 1 18 % 5% 5% 16 g 14
18 % 16 1 21 Y% 5% 6 18 0 16
21 16 118 |22% |6 6% |20 P s
23 20 11/8 25 6 Y 6% 22 20
20 1% 27 Y 6 % 7 22
27 Y 20 1% 29 %% 7 7% 26 Y 10-14 24
29 Y4 24 1% 31% 7 - 28 ¥4 26
N 28 1% 34 7 - 30 % 28
33 3/14 28 1% 36 7 - 32 % 30
T TPage 10G6oTT2dT T



Heat Exchanger Design Course

-

By: Eng,. Mohamed A. Ebcid

PRESSURE — TEMPERATURE RATING

FOR STEEL PIPE FLANGES AND FLANGED FITTINGS
American National Standard ASME B16.5 — 1981

CLASS 150 Ib 300 Ib 400 Ib 600 Ib 900 ib. 1500 lb. 2500 lb.
Hydrostatic TEST | 450 1125 1500 2225 3350 5575 9275
PRESSURE,

PSIG .

Temperature F MAXIMUM ALLOWABLE NON-SHOCK PRESSURE PSIG.

-20 to 100 285 740 990 1480 2220 3705 6170
200 . 260 675 -1 900 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 S 140 550 730 1095 1640 2735 4560
650 \ - 1125 535 715 1075 1610 2685 4475
700 110 535 710 1065 1600 2665 44490
750 95 505 670 1010 1510 2520 4200
800 80 410 550 825 1235 2060 3430
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 70 105 155 260 430

Rating apply to materials:

SA -105"2? SA-515-70° SA516-70° SA-181-70"% SA-350-LF2
SA-537-C1.1° SA-216-WCB?
Notes:

= For service temperatures above 850 F it is recommended that killed steels containing
not fess than 0.10% residual silicon be used.

= Upon prolonged exposure to temperatures above 800 F, the carbide phase of carbon
steel may be converted to graphite.

= The material shall not be used in thickness above 2z in.

= Flanges of ASME B16.5 shall not be ysed for higher ratings except where it is justified
by the design methods of the Code.

= Ratings are maximum allowable non-shock working pressures expressed as gage
pressure, at the tabulated temperalures and may be interpolaled between

temperatures shown.

= Temperatures are those on the inside of the pressure-containing shell of the flange. In
general, it is the same as that of the contained material.
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Dimensions and Masses of Steel Pipe

Referring to table, the upper figures in each square denote wall thickness in mm and the lower figures denole mass

per meter, in kilograms.

reom.} Eguie, § Dutside 9 C HED i i E

oipe Pt Y, YL N v
size phpd (el
. tip. § shxe b s, BEwted 3 e ird
i waile | eara 0 20 30 | eeant an §0 | strons| 80 § 10 jiz0 180 |ise  teses
¥ , 59,734 P - .. 2.7 3k R IR 3,73} emir Jrva- . A, 75 ] .47
172 12.70 21,34 " T L T.2n 5,35 | aeo 1.614 PUPII FO mes y.92] 2.53
. : YR R I PR 3 231 s.mal 762
14 19,05 26.87 z.a e : et B
; 5 LA axnm R 339 2.38 $.5%5 EE EEER I 30D
; ' 23.% BIAVE e P R PRTE IO 2 I P PRI XS
3 " - :
- ) 3%t 2,70
[y A9 H EV-RES PR v oev e 256 e W1 98 ST AR 3.85 ; 19 7
h , N 1 . caan Cvan . om - 3,38 3,36 § w a0 &.%3 [N PRI R 5573 TR
IR T 1 s0.2% .- .. 350 5.98 7,54 130.18
} ta } 386 1 LR 4.0 .07 NP IR JON rani 9,43
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DEFINITIONS

1. Baffle is a device to direct the shell side fluid across the tubes for optimum heat transfer.

2. Baffle and.Support Plate Tube Hole Clearance is the diametral difference between the nominal
tube OD and the nominal tube hole diameter in the baffle or support plate.

3 . Consequential Damages are indirect liabilities lying outside the heat exchanger
manufacturer's stated equipment warranty obligatioi s.

1 4, Double Tubesheet Construction is a type of construction in which two (2) spaced tubesheets or

I equivalent are employed in lieu of the single tubesheet at one or both ends of the heat exchanger.

[ 5. Effective Shell and Tube Side Design Pressures are he resultant load values expressed as uniform

l ) pressures used in the determination of lubesheet thickness for fixed lubesheet heat exchangers

# and are functions of the shell side design pressure, the tube side design pressure, the equivalent
differential expansion pressure and the equivalent bolting pressure. S

6. Equivalent Bolting Pressure is the pressure equivalent resulting from the effects of bolting loads

imposed on tubesheets in a fixed tubesheet heat exchanger when the tubesheets are

ﬂl , extended for bolting as flanged connections.

7. Equivalent Differential Expansion Pressure is the pressure equivalent resulting from the effect of
tubesheet loadings in a fixed tubesheet heat exchanger imposed by the restraint of differential
thermal expansion between shell and tubes.

8. Expanded Tube Joint is the tube-to-tubesheet joint achieved by mechanical or explosive expansion
of the tube into the tube hole in the tubesheet.

” 9. Expansion Joint "J" Faclor is the ratio of the spring rate of the expansion joint to the sum of the
axial spring rate of the shell and the spring rate of the expansion joint.

10. Flange Load Concenlralion Faclors are faclors used lo compensale for the uneven applicalion
of bolting moments due to large bolt spacing. o

11. Minimum and Maximum Baffle and Support Spacings are design limitations for the spacing of baflles
to provide
for mechanical integrity and thermal and hydraulic effectiveness of the bundle. The possibility
for induced vibration has not been considered in establishing these values.

12. Normal Operating Conditions of a shell and tube heat exchanger are the thermal and hydraulic
performance requirements generally specified for sizing the heat exchanger.

13. Pulsating Fluid Conditions are conditions of flow generaily characterized by rapid fluclualions in
pressure and flow rate resulting from sources outside of the heat exchanger.

14. Seismic Loadings are forces and moments resulting in induced stresses on any member of a heat
exchanger due lo pulse mode or complex waveform accelerations o the heat exchanger, such
as those resulting from earthquakes.

15. Shell and Tube Mean Metal Temperatures are the average metal temperatures through the

‘ shell and tube thicknesses integrated over the length of the heat exchanger for a given steady

I state operating condition. .

f 16. Shut-Down Conditions are the conditions of operation which exist from the time of sleady slale

i operating conditions to the time that flow of both process streams has ceased.

! 7. Start-Up Conditions are the conditions of operation which exist from the time that flow of either or

! both process streams is initiated to the time that steady state operating conditions are achieved.

18. Support plate is a device to support the bundle or to reduce unsupported tube span without ’

l o consideration for heat transfer.

1 19. Tubesheet Ligament is the shortesl distance belween edge of adjacent tube holes in the tube

j pattern.
i 20. Welded Tube Jointis a tube-lo-tubesheet joint where the tube is welded to the tubesheet.

1|
[

i *
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Abrasion - The removal of surface material from any solid through the frictional action of another solid,
a liquid, or a gas or combination thereof.

Absolute Pressure - The pressure above the absolute zero value of pressure that theoretically obtains
in empty space or at the absolute zero of temperature, as distinguished from gage pressure.

Alloy - Any of a large number of substances having metallic properties and consisting of two or more
elements: with few exceptions, the components are usually metallic elements.

Angle Joint - A joint between two members located interstecting planes between zero (a butt joint) and
90 deg. (a corner joint). (Code UA-60)

Angle Valve - A valve, usually of the globe type, in which the inlet and outlet are at right angles.

~ Annealing - Annealing generally refers to the heating and controlled cooling of solid material for the

purpose of removing stresses, making it softer, refining its structure or changing its ductility, toughness
or of her prdperties. Specific heat treatments covered by the term annealing include black annealing,
blue annealing, box annealing, bright annealing, full annealing, graphitizing, maleabilizing and process

annealing.

"Arc Welding - A group of welding processes wherein coalescence is produced by heating with an

electric arc, with or without the application of pressure and with or without the use of filler melal.

Automatic Welding - Welding with equipment which performs the entire welding operation without
constant observation and adjustment of the controls by an operator. The equipment may or may not
perform the loading and unloading of the work.

Backing - Material backing up the joint during welding to facilitate

obtaining a sound weld at the root. Backing Strip is a backing in a form St
of a strip. w

Brittle Fracture - The tensile failure with negligible plastic deformation of an ordinary ductile metal.

Brittleness - Materials are said to be brittle when they show practically no permanent distortion before
failure.

Bushing - A pipe filling for connecting a pipe with a female filting of larger size. It is a hollow plug with -
internal and external threads. : ’

Butt ngq - A.we|d joining two members lying approximalely in the same plane. Butt {773
welded joints in pressure vessel construction shall have complele penetration and

fusion. TR,
Types of butt welded joints: Single or Double Beveled Joint, Square Butt Joint. Full B
Penetration, Partial Penetration But! Joints. Butt Joints with or without backing strips. P
3
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Check Valve - A valve designed to allow a fluid to pass through in ant direction _
‘only. A common type has a plate so suspended thal the reverse flow aid:. gravity in

Vol

Centroid or an Area (Center or Gravity of ltn Area)

- That point in the plane of the area about any axis through which the moment of the area is zero; it
coincides with the center of gravity of the area materialized as an infinitely thin homogeneous and

uniform plate.

Chain Intermittent fillet Welds - Two lines of intermittent fillet welding in a tee
or lap joint, in which the incremenls of welding in one line are app}r_qximale!y Sy
opposite to those in the other line. a -

forcing the plate against a scat, shutting off revere flow.
1Y

Chipping - One method of removing surface defects such as small fissures or seams from partially
worked metal. If not eliminated, the defecls might carry through to the finished material. If the defecls
are removed by means of a gas torch the term "deseaming” or "scarfing" is used.

Clad Vessel - A vessel made from plate having a corrosion resistant material integrally bonded lo a
base of less resistant material. (Code UA-60)

Complete fusion - Fusion which has occurred over the entire base-metal surfaces exposed for welding.

Complete Penetration - Penelration which exlended completely through the joint.

Corner Joint - A welded joint at the junction of two parts located approximately at right angles to each
other.

Corrosion - Chemical erosion by motionless or moving agents. Gradual destruction of a metal or alloy
due to chemical processes such as oxidation or the action of a chemical agent.

Corrosion Fatigue - Damage to or failure of a metal due to corrosion combined with fluctuating fatigue
stresses.

Coupling - A threaded sleeve used to conned! two pipes. They have internal threads al both ends to fil
external threads un pipe.

Creep - Continuous increase in deformation under constant or decreasing stress. The term is usually
used with reference to the behavior of metals under tension at elevated temperatures. The similar
yielding of a material under compressive siress is usually called plastic flow or flow.

Damaging Stress - The least unit stress, of a given kind and for a given material and condition of
service, that will render a member unfit for service before the end of its normat Life. It may do this by
producing excessive set. or by causing creep to occur at an excessive rate. Or by causing fatigue
cracking, excessive strain hardening, or rupture.

Page 111 of 124




Heat Exchanger Design Course

__By: Lng, Mohamed A, Bbeid

Deformation (Strain) - Change in the form or in the dimension of a body produced by stress.
Elongation is often used for tensile strain, compression or shortening for compressive strain, and
detrusion for shear strain. Elastic deformation is such deformation as disappears on removal of stress;

permanent deformation IS such deformation as remains on removal of stress.

Design Pressure - The pres:sure used in detemmining the minimum permissible thickness or physical
characteristics of the different parts of the vessel. (Code UA-60)

Design Temperature - The mean metal temperalure (lhrough the thickness) expected under operaling
conditions for the part considered. (Code UG-20)

Discontinuity, Gross Structural - A source of stress or strain intensification which affects a relatively
large portion of a structure and has a significant effect on the overall stress or strain pattern or on the
structure as a whole. Examples of gross structural discontinuities are head-to-shell and flange-to-shell
junctions, nozzles, and jurHons between shells of different diameters or thicknesses.

Discontinuity; Local Structural - A source of stress or strain intensification which affects a relatively
small volume df material and does not have a significant effect on the overall stress or strain pattern or
on the structure as a whole. Examples are small fillet radii, small attachments, and partial penetration

welds.

Double-Welded Butt Joint - A butl joint welded from both side.

Double-Welded Lap Joint - A lap joint in which the overlapped

edges of the members to be joined are welded along the edges of . ,
both members.

Ductility - The ability of a metal to strelch and become permanently deformed withoul breaking or
cracking. Ductility is measured by the percentage reduction in area and percentage elongation of lest

bar.

Eccentricity - A load or component of a load normal to a given cross seclion of a member is eccenlric
with respect to that section if it does nol act through the centroid. The perpendicular distance from the
line of action of the load to either principal central axis is the eccentricity with respect lo thal axis.

Efficiency of a Welded Joint - The efficiency of a welded joint is expressed as a numerical quantity
and is used in the design of a joint as a multiplier of the appropriate allowable stress value. (Code UA-

60)

Elastic - Capable of sustaining stress without permanent deformation; the term is also used to denote
conformity to the law of stress-strain proportionality. An elastic stress or elastic strain is a stress or
strain within the elastic limit.

Elastic Limit The least stress that will cause permanent sel.

Electroslag Welding - A welding process in which consumable electrodes are fed into a joint
containing flux; the current melts the flux, and the flux in tumn melts the faces of the joint and the
electrodes, allowing the weld metal to form a continuously cast ingot between the joint faces. Used in
pressure vessel construction when back of the welding is not accessible. All butt welds joined by
electroslag welding shall be examined radio graphically for their full length. (Code UW-11) (a) (6)

Endurance Limit (Fatigue Strength) - By endurance limit of a material is usually meant the maximum
stress which can be reversed an indefinitely large number of times without producing fracture.
Erosion-Corrosion - Attack on a metal surfage resulting from the combined effecls of erosion and

corrosion.
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Expansion Joint - A joint whose primary purpose is not to join pipe but to absorb that longitudinal
expansion in the pipe line due to heat.

Factor of Safety - The ratio of the load that would caus
. that is imposed upon it in service.

e failure of a member or structure, to the load

Fatigué - Tendency of materials 1o fracture under many repetitions of a stress considerably less than

the ultimate static strength.

Fiber Stress - A term used for convenience to denote the longitudinal tensile or compressive stress in a
beam or other member subject to bending. It is sometimes used to denote this stress at the point or
points most remote from the neutral axis, but the term stress in extreme fiber is preferable for this
pupose. Also, for convenience, the longitudinal elements or filaments of which a beam may be imagined

e as composed are called fibers.
Fillet Weld
Mf ' A weld of approximately triangular cross section joining two surfaces approxi-
throat

mately at right angles to each other. The effective stress-carrying area of a filtet ww
weld is assumed to be the product of the throat dimension and the lenglh of the D{

z weld. Fillet welds are specified by their leg dimension. '
| L5
The throat dimension of an equal legged fillet weld is 0.707 times the leg

i dimension. Fillet welds may be employed as strength welds for pressure parts of
‘ w—k«—'}w“ leg

vessels within the limitations given in Table UW-12 of the Code. The allowable
load on fillet welds shall equal the product of the weld area (based on minimum leg
1 dimension), the allowable stress value in tension of the malerial being welded, and
| a joint efficiency of 55%. (Code UW.3) The allowable stress values for fillet weids altaching nozzles and
their reinforcements to vessels are (in shear) 49 % of stress value for the vessel material. (Code (UW -

15)
! Filler Metal - Material to be added in making a weld.

Full Fillet Weld - A fillet weld whose size is equal lo the thickness of the thinner member joined.

Gage Pressure - The amount by which the total absolute pressure exceeds the ambient almospheric
" pressure. '

Galvanizing - Applying a coating of zinc to ferrous articles. Application may be by hot dip process or
electrolysis.

Gas Welding - A group of welding processes wherein coalescence is produced by healing with a gas
name wilh or without application of pressure and with or without the use of filler metal.

i

Gate Valve —}A valve employing a gate, often wedge-shaped, allowing fluid to now
when the galé is lifted from the seat. Such valves have less resistance {0 flow than

globe valves.

§ . ,
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Lap Joint - A welded joint in which two overlapping meta parts are joined by & ‘ x

means of a fillet plug or slot welds.

Layer or Laminated Vessel - A vessel having a shell which is made up of two or more separate layers.
(Code UA-60)

Leg - See under Fillet Weld.

Lethal Substances - Poisonous gases or liquids of such a nature that a very small amount of the gas
or of the vapor of the liquid is dangerous to life when inhaled. It is the responsibility of the user of the
vessel to determine that the gas or liquid is lethal. (Code UW-2)

Ligament - The section of solid material in a tube sheet or shell between adjacent holes.

Lined Vessel - A vessel having a corrosion resistant lining dtached intermittently to the vessel wall.
(Code UA-60)

Liquid Penetrant Examination (PT). A method of nondestructive examination which provides for the
detection of discontinuities open to the surface in ferrous and nonferrous materials which are
nonporous. Typical discontinuities detectable by this method are cracks, seams, laps, cold shuts, and
laminations. (Code UA-60)

Loading - Loadings (loads) are the results of various forces. The loadings to be considered in designing
a vessel: internal or external pressure, impact loads, weight of the vessel, superimposed loads, wind
and earthquake, local load, effect of temperature gradients. (Code UG-22)

- Low-Alloy Steel - A hardenable carbon steel generally containing not more than about 1% carbon and

one or more of the following alloyed components: < (less than) 2% manganese, < 4% nickel, < 2%
chromium, 0.6% molybdenum, and < 0.2% vanadium.

Magnetic Particle Examination (MT). A method of detecting cracks and similar discontinuilies at or
near the surface in iron and the magnetic alloys of

Malleable lron - Cast iron heal-treated to reduce ils brillleness. The process enables the malerial lo
stretch to some extent and lo stand greater shock.

Material Test Report - A document on which the material manufacturer records the resuits of tests
examinations, repairs, or lreatments required by the basic material specification to be reported. (Code
UA-60)

Maximum Allowable Stress Value - The maximum unit stress permissible for any specified material
that may be used in the design formulas given in the Code. (UG-23) :

" Maximum Allowable Working Pressure — The maximum gage pressure permissible at the top of a

completed vessel in its operating position for a designated temperature. This pressure is based on the
weakest clement of the vessel using norminal thicknesses exclusive of allowances for corrosion and
thickness required for loadings other than pressure. (Code UA-60) '

Membrane Stress - The component of normal stress which is uniformly distributed and equal to the
average value Of stress .across the thickness of the section under consideration.

Metal Arc Welding - An arc welding process in which the electrode supplies the filler metal to the weld.

Modulus of Elasticity (Young’s Modulus) - The rate of change of unit tensile or compressive slress
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with respect to unit tensile or compressive strain for the condition of uniaxial stress within the
proportional limit. For most, but not all materials, the modulus of elasticily is the same for tension and
compression. For nonisotropic materials such as wood, it is necessary to distinguish between loe
moduli of elasticity in different directions.

Modulus of Rigidity (Modulus of Elasticity In Shear) - The rate of change of unit shear slress with
respect to unit shear strain, for the condition of pure shear within the proportional limil.

Moment of Inertia of an Area (Second Moment of an Area) The momenl of
inertia of an area with respect to an axis is the sum of the products obtained by
multiplying each element of the area by the square of ils distance from the axis.
The Moment of Inertia (1) for thin walled cylinder about its transverse axis; 1=p r’t

where r = mean radius of cylinder
t = wall thickness

Needle Valve'- A valve provided with a long tapering point in place of the ordinary valve disk. The
tapering point permits fine graduation of the opening.

Neutral Axis - The line of zero fiber stress in any given section of a member subject lo bending; itis the
line formed by the intersection of the neutral surface and the section.

Neutral Surface - The longitudinal surface of zero fiber stress in a member subject to bending; it
contains the neutral axis of every section.

Nipple - A tubular pipe fitting usually threaded on both ends and under 12 inches in lenglh. Pipe over 12
inches long is regarded as cut pipe.

Non-Pressure Welding - A group of welding processes in which the weld is made without pressure.

Normalizing - Heating to about 1000 F_above the critical temperature and cooling to room temperalure
in sti1l air. Provision is often made in normalizing for controlled cooling at a slower rate, but when the
cooling is prolonged the term used is annealing.

Notch Sensitivity - A measure of the reduclion in slrength of a metal caused by the presence of a
notch.

Notch Strength - The ratio of maximum tensional load required lo fracture a notched specimen {o the
original minimum cross sectional area.

Notch Test - A tensile or creep lest of a metal to determine the effect of a surface notch.

Operating Pressure - The pressure at the top of a pressure vessel at which it normally operates.‘ It
shall not exceed the maximum allowable working pressure and il is usually kept al a suitable level below

the setting of the pressure relieving devices lo prevent their frequent opening. (Code UA-60)

Operating or Working Temperature - The temperature that will be maintained in the metal of the part
of the vessel being considerd for the specified operation of the vessel (see UG-20 and UG-23). (Code
UA-60) 4

Oxidation or scaling of metals occurs at high temperatures and access of air. Scaling of carbon steels
from air or steam is negligible up to 1000 °F. Chromium increases scaling resistance of carbon steels.
Decreasing oxidation resistance makes austenitic stainless steels unsuitable for operaling lemperalures
above 1500 .
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P-Number - The number of welding procedure-group. The classification of materials based on harden
ability characteristic and the purpose of grouping is to reduce the number of weld procedures. (Code

Section 1X)
All carbon steel materia! listed in the Code (with the exception of SA-612) are classified as P-No. 1.

Pass - The weld metal deposited by one progression along the axis of a weld.

Plasticity - The property of sustaining appreciable (visible to the eye). permanent deformation without
rupture. The term is also used to denote the properly of yielding or flowing under steady load.

" Plug Valve - One with a short seclion of a cone or tapered plug through which a hole is cut so thal fluid
can flow through when the hole lines up with the inlet and outlet, but when the plug is rotated 90°, flow is

‘ blocked.

Plug Weld - A weld made In a circular hole in one member of a lap joint. The |
hole mayor may not be partially or completely filled with weld metal. ? ) lg
) ¢ 5

|

For pressure vessel construction plug welds may be used in lap joints in rein-
forcements around openings, in non pressure structural attachments (Code
, UW-17) and for attachment of heads with certain restrictions. (Code Table
| e " i
"y Pneumatic Test - The completed vessel may be tesled by air pressure in lieu 1 Ao
[ of hydrostatic test when the vessel cannot safely be filled with water or the
‘ traces of testing liquid cannot be tolerated (in certain services). The pneumatic test pressure shall be
j 1.1 times the maximum allowable working pressure to be stamped on (he vessel. (Code UG-100)

, ) Poisson's Ratio - The ratio of laleral unit strain to fongitudinal unit strain, under the condition of uniform
I and uniaxial longitudinal stress within the proportional limil. ‘

Porosity - Gas pockets or voids in metal. (Code UA-60)

! Postweld Heat Treatment - Heating a vessel to a sufficient temperature to relieve the residual stresses
which are the result of mechanical treatment and welding.

Heat exchangerand parts shall be postweld heat treated:
When lhe vessels are to contain lethal substances, (Code Uw -2)
Unfired Steam Boilers (UW-2)

. When the carbon (P-No. 1) material thickness exceeds 1% in. at welded connections and atlachment=
[ (see Code Table UCS-S6 for exceptions). :

Preheating - Heat applied to base metal prior (o welding operations.

Pressure Relief Valve - A valve which relieves’ pressure beyond a specified limil apd recloses upon
i return to normal operating conditions.

| Pressure Vessel - A melal container generally cylindrical or spheroid, capable of withstanding various
loadings.

) Pressure Welding - A group of welding processes wherein the weld is completed by use of pressure.

‘ Primary Stress - A normal stress or a hear stress developed by the imposed loading which is
? necessary to satisfy the simple laws of equilibrium of external and internal forces and moments. The
basic characteristics of a primary stress is that it is not self-limiting. Primary siresses which considerably
p exceed the strength will result in failure or at least gross distortion, A thermal stress is no! classified as a
! primary stress. Primary membrane stress divided into" general” and "local" categories. A general
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primary membrane stress is one which is so distributed in the Structure that no redistribution of load
occurs as a result yielding. Examples of primary stress are general membrane slress in a circular
cylindrical or a spherical shell due to internal pressure or to distributed live loads; bending stress in the
central portion of a flat head due to pressure.

Quench Annealing - Annea!i;lg an austenitic ferrous alloy by heating followed by quenching from
solution temperatures. Liquids used for quenching are oil, fused salt or water, into which a material is

plunged.

Radiographing - The process of passing electronic radiations through an object and obtaining a record
of its soundness Upon a sensitized film. (Code UA-60)

Radius of Gyration - The radius of gyration of an area with respect to a given axis is the square root of
the quantity obtained by dividing the moment of inertia of the area with respect to that axis by the area.
Random Lengths - A term indicating no specified minimum or maximum length with lengths falling
within the range indicated.

Refractory - A raterial of very high melting point with properties that make it suitable for such uses as
high-temperature lining.
Residual Stress - Stress remaining in a structure or member as a result of thermal or mechanical

treatment, or both.

Resistance Welding - A pressure welding process wherein the heat is produced by the resislance {0
the now of an electric current.

Root of Weld - The bottom of the weld.

Scale - An iron oxide formed on the surface of hot steel, sometimes in the form ol large sheels which
fall off when the sheet is roiled.’

Scarf - Edge preparation; preparing the conlour on the edge of a member for welding.

‘Seal Weld - Seal weld used primarily to obtain lightness.

Secondary Stress - A normal stress or a shear stress developed by lhe constraint of adjacenl parls or
by self. constraint of a structure, The basic characleristic of a secondary slress is that it is sell-limiling.
Local yielding and minor distortions can satisfy the conditions which cause the stress o occur and
failure from one application of the stress is not to be expected. Examples of secondary slress are:
general thermal stress; bending stress at a gross structural discontinuity.

Section Modulus - The term pertains to the cross section of a beam. The section
modulus with respect to either principal central axis is the moment of inertia with
respect to that axis divided by the distance from that axis to the most remote point of
the section. The section modulus largely determines the flexural strength of a beam
of given material.

Section Modulus (Z) of a thin walled cylinder (r>10t) about its transvérse axis:

s Z=prit
where r = mean radius of cylinder, in.

t = wall thickness,in.
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Shell - Structural element made to enclose some space. Most of the shells are generated by the
revolution of a plane curve.
In the terminology of this book shell is the cylindrical part of a vessel or a spherical vessel is called also

a spherical shell.
Shear Stress - The component of stress tangent to the plane of reference.

Shielded Metal-Arc Welding - An arc welding process wherein coalescence is produced by heating
with an electric arc between a covered melal electrode and the work. Shielding is obtained from
decomposition of the eleclrode covering. Pressure is nol used and filler melal is oblained from the

electrode.

Single-Welded Butt Joint - A butt joint welded from one side only.

Single-Welded Lap Joint - A lap joint in which the overlapped edges of the members to be joined are
welded along the edge of one member.

Size of Weld '~ Groove Weld: The depth of penetration. Equal Leg Fillet Weld: the kg
length of the largest isosceles right-triangle which can be inscribed within the fillet

-weld cross seclion. T

Unequal Leg Fillet Weld: The leg length of the largest right triangle which can be
inscribed within the fitllet weld cross section.

Slag - A result of the action of a flux on nonmetallic constituents of a proceed ore, or
on the oxidized metallic constituents that are undesirable. Usually consist of
combinations of acid oxides and basic oxides with neutral oxides added lo aid

fusibility.

Slenderness Ratio - The ratio of the length of a uniform column to the least radius of gyration of the
cross section.

Slot Weld - A weld made in an elongated hole (slol! in one member ofalap
Joint, joining that member to that portion of the surface of the other member
which is exposed through the hole. The hole mayor may not be filled
completely with weld metal.

B

4

Specific Gravity - The ratio of the density of a material to the density of by A ﬁ e
some standard material, such as water at a specified temperature, for L————-«-—-w-‘“
example, 4°C or 60°F. or (for gases) air al standard conditions of pressure

and temperature. :

Spot Welding — Electric resistance welding in which fusion is limited lo a small area directly between
the electrode tips. :

Stgbiiity of Vessels — ( Elastic Stability) The strength of a vessel to resis! bucklihg pr wrinkling due to
axial compressive stress. The stability of a vessel is severely affected by out of roundness.

Staggered Intermittent fillet Welds - Two lines of intermittent fillet welding in
a tee or lap joint, in which the increments of welding in one fine are staggered Mm.mm

with respect to those in the other line. . | a, - G L e
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Static Head - The pressure of liquids that is not moving, against the vessel wall, is due solely to the
"Static Head", of height of the liquid. This pressure shall be taken into consideration designing vessels.

Strain - Any forced change in the dimensions of a body. A slretch is a tensile strain; a shortening is a
compressive strain; an angular distortion is a shear strain. The word strain is commonly used to connote

unit strain.

Stress - Internal force exerted by either of two adjacent parts of a body upon the other
across an imagined plane of separation. When the forces are parallel lo the plane. the
stress is called shear sfress; when the forces are normal to the plane lhe stress is
called normal stress; when the normal stress is-directed toward the part on which it
acts it is called compressive stress; when it is directed away from the part on which it
acts it is called tensile stress.

Stresses In Pressure Vessels - Longitudinal (meridional) 5, sfress

Circumferential (hoop) S, stress S, and S, called membrane (diaphragm) stress for vessels having a
figure of revolytion
Bending stress

Shear stress
Discontinuily Stress at an abrupt change in lhickness or shape of the vessel.

Stud - A threaded fastener withoul a head, with threads on one end or both ends, or threaded full
length. (Code UA-60)

Submerged Arc Welding - An arc welding process wherein coalescence is produced by heating with
an arc or arcs between a bare metal electrode or electrodes and the work . The welding is shielded by a
blanket of granular, fusible material on the work. Pressure is not used and filler metal is obtained from
the electrode and sometimes from a supplementary :

Tack Weld - A weld made o hold parts of a weldment in proper alignment until the final welds are

made.
Tee Joint - A welded joint at the junction of two parts located approximately at right angles to each

oltherinthe foomofaT.

Tensile Strength - The maximum slress a material subjected lo a strelching load can withsland withoul
tearing.

Tensile Stress - Stress developed by a material bearing tensile load.

Test Trial to prove that the vessel is suitable for the design pressure. See Hydrostaic test, Pneumatic
test.

Test Pressure - The requirements for determining the test pressure based on calculations are outlined
in UG-99(c) for the hydrostatic test and in UG-100(b) for the pneumatic test. The basis for calculated
test pressure in either of these paragraphs is the highest permissible internal pressure as determined by
the design formulas, for each element of the vessel using nominal thicknesses with corrosion
allowances included and using the allowable stress values for the temperature of the fest. (Code UA-60)

Thermal Fatigue - The development of cyclic thermal gradients producing high cyclic therD mal stress
and subsequent local cracking of material. :

Thermal Stress - A self-balancing stress produced by a non-uniform distribution of femperature or, by
differing thermal coefficients of expASMEon. Thermal stress is developed in a solid body whenever a
volume of material is prevented from assuming lhe size and shape that it normally should under a
change in temperature. ? :
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Thickness of Vessel Wail

. The "required thickness' is that computed by the formulas in this Division, before corrosion allowance
is added (see UG-22).

2. The "design thickness' is the sum of the required thickness and the corrosion allowance (see UG-25).

3. The "nominal thickness" is the thickness selecled as commercially available, and as sup plied lo the
manufacturer; it may exceed lhe design thickness. (Code UA-60)

Throat - See under Fillet Weld.
Tolerances - For plates the maximum permissible under tolerance is the smaller value of 0.01 in. or 6%

of the design thickness. (Code UG-16).

The manufacturing under tolerance on wall thickness of heads: pipes and pipefitting shali be taken into
account and the next heavier commercial wall thickness may then be used. .

U.M. Plate - Universal Mill Plate or plate rolled to width by vertical rolls as well as to thickness by
horizontal rolls.

Uitrasonic Examination (UT) - a nondestruclive means for locating and identifying internal
discontinuitis by detecting the reflections they produce of a beam of ultrasonic vibrations (Code UA-60)

Undercut - A groove melted into the base melal adjacent to the toe of a weld and left unfilled by weld
metal.

Unit Strain - Unit tensile strain is the elongation per unit length; unil compressive slrain is lhe
shortening per unit length; unit shear strain is the change in angle (radians) between two lines originaily

at right angles to each other.

Unit Stress - The amount of stress per unit of area.

Vessel - A container or structural envelope in which materials are processed, Irealed, or stored; for
example, pressure vessels, reaclor vessels, agilator vessels, and storage vessels (lanks) .

Weaving - A techhnique of depositing weld metal in which the electrode is oscillated from side lo side.

Weld - A localized coalescence of metal produced by fusion with or without use of filler metal, and with
or without application of pressure.

Weld Metal - The metal resulting from the fusion of the base metal and the filler metal.

Welding - The metal joining process used m making welds. - |
In the construction of vessels the welding p('ocesses al testricled by the Code (UW-27) as follows:

1_Shielded metal arc, submerged arc, gas metal aiﬁ’d;”gas tungsten arc, plasma arc, alomic hydrogen
metal arc, oxyfuel gas welding, elctroslag, and electron beam.
2. Pressure welding processes: flash, induction, resistance, pressure thermil, and
pressure gas.
Welding Procedure - The materials, detailed methods and practices involved in the production of a

welded joint.

Welding Rod - Filler metal. in wire or rod form, used in the gas welding process, and in those arc
welding processes wherein the electrode does not furnish the deposited metal. '
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Wrought Iron - Iron refined to a plastic slate in a puddling fumace. It Is characterized by the presence
of about 3 per cent of slag irregularly mixed with pure iron and about 0.5 per cent carbon.

Yield Point - The lowest stress at which strain increases without increase in stress. For some purposes
it is important to distingish between the upper yield point, which is the stress at which the stress-strain
diagram first becomes horizontal. and the lower yield point, which is the somewhat lower and almost
constant stress under which the melal continues to deform. Only a few materials exhibit a true yield
point; for some materials the term is sometimes used as synonymous with yield strength.

E
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ABBREVIATIONS
COMPILED from 1. ASA Z32.13-1950 ABRIVIATIONS FOR USE ON DRAWINGS
2 ASA 710.1-1941 ABRIVIATIONS FOR SCIENTIFIC &
ENGINEERING TERMS
ADDED: ABBREVIATIONS GENERALLY USED ON VESSEL & PIPNG
DRAWINGS
AB Anchor Bolt DET Detail
AISC American institule of Steel Construction DIA Diameler
ALLOW Allowance - Allowable DIAM Diameler
ASME American National Standards Institute DiM Dimension
ASA American Standard Association DP Design Pressure
API| American Petroleum Institute EA Each »
APPROX Approximately EH Extra Heavy N
ASB Asbestos EL Elevation &
sty ASME American Sociely of Mechanical Engineers ELEV Elevation
ASTM “American Society for Testing Matls. ELL Elbow -
AVG Average ELLIP Ellipse, Elliptical, Ellipsoid
ALLOW Corrosion Allowance EQ Equal, Equally
| bbi Barrel - ETC Et Cetera
2 BC Bolt Circle EXT External ] B
BEV Bevel F Fahrenheit
, BLD Blind F-F Face lo Face B
} BOP Bottom of Pipe F&G Flanged & Dished o
g BOT Bottom ' FF Flat Face o
| BRKT Bracket - FIG Figure
] btu British Thermal Unit FIN Finish
{ BW Bevel Weld FLG Flange
BWG Birmingham Wire Gauge FS Far Side, Forged Steel
x CCW Counter Clockwise ft Fool, Feel
cfm Cubic Foot per Minute N Cubic oot )
CFW Continuous Fillet Weld FW Fillet Weld )
: CG Commercial Grade gpd Gallon per Day i
! CG Center of Gravity gpm Gallon per Minule
Cm Cenlimeter g Gram )
CL Cerilerline GA Gage T T
\ C o C Centerline to Centerline GALV Galvanmzed T
% CcO Company gal Gallon o
CONC Concentric GG Gage Glass
| CPLG Coupling - . GOL Gage of Outslanding
‘1 C Degree Centigrade HLA High Level Alarm
i CA Corrosion Allowance HLSD High Leve! Shut Down
" DTL Detail HR Hot Rolled
‘ DWG Drawing HT Heal Tiealment )
] DC Down comer ALL High Liquid Level
R "DEH Double Extra Heavy ; iD Inside Diameler )
i in Inches P Pressure
L INCL Including, included PBE Plain Both Ends
! INS Inspection PC Pressure Contlrol -
N INT Internal P PCS Pieces
i JE "I Joint Efficiency 3 PCV Pressure Control Valve
! kg Kilegram Pi Pressure Indicator T
{ 1 Liter PL Plate T
l ib Pound PROJ Projection S
. Ibf Pound Force PSE Plain Small End )
! Ibs Pounds Psi Pound per Squarg Inch T
o LC Level Control RAD Radial B T
l . LCV Liquid Conlrol Valve ' REF Reference T
)
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