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AIR-COOLED HEAT EXCHANGERS FOR GENERAL REFINERY SERVICES

SECTION 1—GENERAL

4.1 Scope

1.1.1 This standard covers the minimum requirements
for design, materials, fabrication, inspection, testing,
and preparation for shipment of refinery process air-
cooled heat exchangers.

1.1.2 The air-cooled heat exchanger shall be of the
forced- or induced-draft type and shall include com-
ponents as described in Figure.l and any auxiliaries
such as ladders-and platforms.

1.2 General

1.2.4 The tube bundles shall conform to the re-
quirements of Section V111, Division 1 of the American
‘Society of Mechanical Engineers (ASME) Boiler and
Pressure Vessel Code and the supplemental re-
quirements herein, regardless of whether code stamp-
ing is required.

t1.2.2 When. the exchanger is to contain lethal
substances as indicated on the specification sheet, con-
struction of pressure parts shall be in accordance with
Paragraph UW-2(a), Section VIII, Division 1 of the
ASME Code.

e1.2.3 The vendor shall comply with local rules and
regulations that are specified by the purchaser.

Note: A bullet (*) at the beginning of a paragraph indicates where a
decision may be required of the purchaser which may not be obvious
from the specification sheet (see checklist shown in Appendix B). A
jﬂzg:r (1) at the beginning of a paragraph indicates where an item or
items are mentioned which appear on the air-cooled heat exchanger
specification sheet (see Appendix E).

1.3 Referenced Publications

The latest editions or revisions of the following stan-
dards, codes, or specifications shall, to the extent
specified herein, form a part of this standard:

AGMA'

260.02 Design of Components - Enclosed

Gear Drives - Bearings, Bolting, Keys
and Shafting

Practice for Enclosed Speed Reducers
or Increasers Using Spur, Helical,
Herringbone, and Spiral Bevel Gears

AlSC?
Manual of Steel Caonstruction

Specification for the Design, Fabrica-
tion, and Erection of Structural Steel
for Buildings
Code of Standard Practice for Steel
Buildings and Bridges
Specification for Structural Joints
Ussing ASTM A 325 or A 490 Bolts

ANST?

AS58.1 Buwilding Code Requirements for
Ainimum Design Loads in Buildings
and Other Structures

Bl.1 Unified Inch Screw Threads (UN and
UMNR Thread Form)

B2.1 Pipe Threads (Except Dryseal)

B3.15 Foad Ratings and Fatigue Life for
Bail Bearings (AFBMA Standard 9)

B3.16 Load Ratings and Fatigue Life for
Railer Bearings (AFBMA Standard
i) ’

B4.1 Preferred Limits and Fits Sor
Cwlindrical Parts

B16.5 Steel Pipe Flanges, Flanged Valves,
and Fittings

B16.11 Forged Steel Fittings, Socket-

Welding and Threaded

(R1947) Codes for the Design of

Frensmission Shafting*

Si.4 Specification for Sound Level Meters

S1.11 Specifications for Octave,
Hazlf-Octave, and Third-Octave Band
Faizer Sels

B17¢-1927

Recommended Practice for
Classification of Areas for Electrical
Iresiallations in Petroleum Refineries

'‘American Gear Mamefacturers Association, 1901 N. Fort Meyer
Drive, Arlington, Virgimea 22209

tAmerican Institute for Steel Construction, 101 Park Avenue, New
York, New York 10017

‘American National Sexndards Institute, 1430 Broadway, New York,
New York 10018

*Withdrawn December }9%4; available from ANSI
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M FORCED & INDUCED DRAFTING
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DESIGN &ENG.CO(F.1.5) IN AIR COOLERS

(A) FORCED DRAFT (B) INDUCED DRAFT

Legend
5. Plenum

1, Tube bundle 6. Fan
2. Header 7. Fanring

3. Nozzle 8. Fandeck
4, Supporting column 9. Drive assembly

Figure 1—Typical Components of an Air-Cooled Heat Exchanger
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Figure 10-136. Typical forced draft air-cooled exchanger show-
ing two exchanger sections and one fan. (By permission, Coyn-
co Products, Inc.)
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Sample Stress Diagram for Air Coolers Using SAP

1A StressS11 Diagram (Envelope)
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Sample Stress Analysis for Air Coolers Using SAP

Before Retrofitting After Retrofitting
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Before Retrofitting After Retrofitting
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Before Retrofitting After Retrofitting




After Retrofitting
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Before Retrofitting After Retrofitting
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NOZZLES

NOZZLE | SIZE | RATING/TYPE |QTY.

SERVICE

DHSIGN DATA

EARTH QUAKE

SHELL TUBE JACKET

4 4

N1 - 150,W.N..R.F. 1

INLET

N2 = 150,W.N.,R.F. 1

DESIGN PRESSURE

OUTLET

DESIGN TEMPERATURE

178 178

FLUID SPECIFIC GRAVITY

HEAT EXCHANGER SURFACE

MATERIALS

SHELL

HEAT TREATMENT

No -

X—RAY TEST

SA516-Gr.60

ISOMETRIC OF ONE BAY

HEADS

JOINT EFFICIENCY

NC/Z/_E FLANGES

SA136 3

CCR30S CN ALLCWANCZ

NOZZLE NECKS & PIPES

SA106—Gr.A

GEOMETRIC CAPACITY

STUD BOLTS/EX. NUTS

SA193-Gr.B7/SA194-Gr.2H

INSPECTION INSTITUTE

BOLTS

SA36

BODY FLANGE

SA105 N

BASE PLATE

DESIGN CODE : ASME VIl DIV.1-2001~- APl 661

STEEL STRUCTURE

EARTH QUAKE CODE : UBC

1997

WEIGHTS

BUNDEL .....
WATER FILLED

LOADS AT SUPPORT BASE

ERECTION

OPERATION HYOR, TEST

3

SEE NEXT PAGES

2

1

0 83.11.21

FIRST ISSUED

M.H.

F.R. Z.N. H.A

REV.  DATE DESCRIPTIQN DRAWN

DESIGN CHK'D  APP'D

PROJECT NAME:

S DAY & FTH

FOR

CLIENT:

[T PROCEDURE

CONTRACTOR:

FAP

. AZMAY

DATA SHEET FOR SEISMIC AN

2E—101

ALYSIS

NORTH REFINERY

SCALE: N.T.S.

[ONIT NAME DI

STILLATION UNIT

DRAWING NO.

EQ-N-M-D—-2E101-01-00

SHEET NO.
1 OF

REV.
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= 150,WN.R.F. 1 INLET

= 150 WN.RE, 1 OUTLET DESIGN PRESSURE

DESIGN TEMPERATURE

FLUID SPECIFIC GRAVITY

HEAT EXCHANGER SURFACE
HEAT TREATMENT
X—RAY TEST

MATERIALS
SHELL SA285-Gr.C

JOINT EFFICIENCY

HEADS -
NOZZLE FLANGES SA181 GR | OR Il

NOZZLE NECKS & PIPES SA106-Gr.A
STUD BOLTS/EX. NUTS SA193-Gr.B7/SA194-Gr 2H INSPECTION INSTITUTE

CORROSION ALLOWANCE

GEOMETRIC CAPACITY

OF AIRCOOLER

28 — 162 BOLTS SA36

BODY FLANGE SA105 N
BASE FLATE DESIGN €CDZ : ASNE V. JV,1-2001— A3 86"

STEEL STRUCTURE ST37 EARTH QUAKE CODE : UBC 1997
WEIGHTS

BUNDEL
WATER FILLED ..

LOADS AT SUPPORT BASE

ERECTION OPERATION

SEE NEXT PAGE

83.11.26 FIRST ISSUED M.H. F.R. | Z.N. H.A

REV. | DATE DESCRIPTION DRAWN|DESIGN| CHK’D | APP’D
PROJECT NAME: CLIENT: CONTRACTOR:

SIS DRSEH & RERORY PROCEDRE
F( ']P N.I.0.C.
TARAN 1L PG COPNY e e sy
DOC. TITLE: LOCATION:
DATA ‘I-HEE‘T FOR SEIS \I“I' ANALYSIS 0O NORTH REFINERY

SOME'RC OF ONE BAY

SCALE: N.T.S. IUNIT NAME : DISTILLATION UNIT
DRAWING NO. ISHEET NO. REV.
2—-01-0C

EQ-N-M-D-2E162 I OF 1
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LN f ‘

CGENERAL ASSZVEBLY CF AIRCOCLER
28 - 117

NOZZLE | SIZE | RATING/TYPE

SERVICE

NESIGN DATA SHIL TU3T JACKIT

EARTH QUAKE

N1 - 150,W.N..R.F.

INLET

N2 - 160, W.N. R.F.

OUTLET

DESIGN PRESSURE

DESIGN TEMPERATURE

FLUID SPECIFIC GRAVITY

HEAT EXCHANGER SURFACE

MATERIALS

SHELL

SA516-6r.60

HEAT TREATMENT

X—RAY TEST SPoT

HEADS

JOINT EFFICIENCY () 8

NOZZLE FLANGES

SA106 B

CORROSION ALLDWANCE 22

NOZZLE NECKS & PIPES

SA106-GrA

GEOVE RC CAFACI Y

STUD BOLTS/EX. NUTS

SA193-Gr.B7/SA194—6r.2H

INSPECTION INSTITUTE

BOLTS

5A36

BODY FLANGE

SA105 N

BASE PLATE

DESIGN CODE : ASME VIl DIV.1-2001— API 661

STEEL STRUCTURE

ST37

EARTH QUAKE CODE : UBC 1397

WEIGHTS

BUNDEL ...

WATER FILLED

LOADS AT SUPPORT BASE

ERECTION OPERATION HYDR. TEST

SEE NEXT PAGES

3

2

1

(o) 83.11.21

FIRST ISSUED

M.H. F.R. ZN. H.A

REV. DATE D

ESCRIPTION

PROJECT NAME:

SHISMIC DESIGN" & RETROFIT PROCEDURE

R

TEHRAN ""IL REFINERY
COMPANY

N.LO.C. WNP}

PANY

DOC. TITLE:

DATA SHEET FOR

SEISMIC

ANALYSIS OF

DRAWN|DESIGN CHK'D APP'D
CLIENT: CONTRACTOR:

- - NORTH REFINERY
2Ze=1 1
SCALE: N.T.S. JUNIT NAME : DISTILLATION UNIT
DRAWING NO. SHEET NO. REV.
EQ—-N-M-D—-2E117-01-00 I 1 OF 1

SOME"RIC OF ONE EAY
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4- DESIGN FLOWCHART
OF AIR COOLER
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"General Information'

- Ths calmlshon sheetis prepared based cn checlane the Air cooler (2E-4117 azamt

earthquake (zone 4.

- This Aircooler wras desizned azairst earthquake (zore 3).

- Telwan oal refirumg oo, has requested FAF o0, to redes ign this aquipmert based on

UMIFORM B UELDRGT CODF (LIR.C.907
AMERIAN DSTITUTE OF STREL COMETRUCTION (475 )

- The procedure of ths wdesian s as folloar:

1) Modeling of Awcooler by 3 AFZ0M0 L med on thior datashest & fhneaton drasangs which
ate taken fiom Telwan refivery Aychieve and chedking the model hased onzome 4.

2] Aocopding to the remlts of analize of mode] , teport that the stuctare has Passed or Faled.
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"Modeling Conditions"

- The cosmertion of cobimes o base plates ae sswred modifiy " pnple Suppont”,

- The commection of braring are "3 imvpla Suppost”.

- The commertion of baans to girdes ae wswmed "5 imple Suppon'.

- The commection of girders o cobtus e wsmmed "2 ompls Suppoxt”.

- Al dimensions ave in (o) urless othemrise indicated.

- Aillloads ave mkg)unless otherans e indinated .
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"Loading"

3.1 Dead Loads

The loads tobe comsidered nthe mode shall be the total weaght of stuctiral steelwork and all
materal permarertly £z tened there to or supported themhy.

321 Live Loads
The live load shallbe take & 100k gfom (inclading rainfall and any buman Loads) on platiens.

5.3) Earthyu ke Loads

The earthguale loads on the dar cocler shall be calmlated fimm TLE .C (1297

CIW

ET
additionally, for seisnue zove 4, the total base shear also not be less than the folloaring:

_1AZN

"=

W

12
09N, =115

i

168
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3.1) Dread Loads

The loads tobe comsidered mthe mode shall be the tofal wegzht of stuctral steelworl arnd all
ratenal permmarertly fas tened there to or supported thewhy.

32 Live Loads

foedlial LdIE ZlUJI_'f' U.[LI.I.I,L'. Va SIMLL DL LR e ]JJ.I.U_'WL[I.E
Fer T=0fsen heog DESH (StorrHeihk)

For T=06sec Ay o= 0OR0H

4., shall be compated as followrs

4. =07F A

where & 15 dnft of desizn seis wuo foroes.
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TYPICAL FAILURE IN
AIR COOLERS:

1- BASE PLATE FAILURE IN AIR COOLERS.

2- COLUMN FAILURE IN AIR COOLERS.

3- ANCHOR BOLTS FAILURE IN AIR COOLERS.
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GENERAL ASSEMBLY OF AIRCOOLER

E - 101

ISOMETRIC OF ONE BAY
WOrE
1= ALL DIMENSIONS ARE N rmm.
2~ ALL FILLET WELDS SHOULD BE 5 mm, UNLESS OTHERWISE NOTED.

3-THE LENGTH OF BRACING SHOULD BE FITTED AT STE .
TOTAL WEIGHT= 2413 (Kg)

2 HEX. NUT 815 128 01 128  S-37 W
RB.#16.1=550 64 sT-37

e

PLATE 110x500x800 960 ST-37  wcoen.

PLATE 110x120x300 4 |86 ST asnn

FLAT BAR 100 L= GUT AT STE 35 (1516 ST o

PLATE 110x150x150 B 2816 ST-37  aswie

SEE AIR CODLER

PLATE 110x230<200 02 [62.72 5157 amnn.
oxk L= 2001 160.8 ST37  maw
Gt L= 1765 8 1417 S5 weme
son0 S B PLATE 110x250¢350 .8 [108.6  ST-%  amon

VIEW "RR" srcn%wm A-A SECTION "L-L" 2044 ST-37 i
200 53w

5065065 INLET & OUTLET NOZZLE REINFORCING EBE0 U= 56 200 L]

15060 g 2a PLATE 110x250¢300

s nL

o =— 2g 0501503 10250350 4 3 DESCRIPTION iy, SN ITOTAL \ pveriaL RewaRK

= WEIGHT /Kg
o H10x250x300 , IP8 200 N i
i = BILL OF MATERIAL
5] y =l
[

i i BEND LINE w 5q
R 0008 7)) 11 HOLE 822 FOR ot 0
RE, #16.=550 s L

-~ 5 .’>ADXMJ><A/ DESIGN PROGRESS
HILTI HIT-RES0D 9 DETAIL "5" FIRST ISSUED
DETAIL "1” CHEMICAL METHOD

19 NuT #6

0 > 55"1—{4 S N AT
g = J . E

= ©40x40ed W e ey
DETALL "7" DETAIL "7" SIUZLOZUIE \ b TRHRAN OIL REFINING COMPANY
=G i o ptnnd RETROFITT

_ - SOUTH REFINERY

110:200x200 ¢

naw now N.T.S DISTILLATION UNIT
DETAIL "4” DETAIL "3 DETAIL "2

S—M-D—E101-|
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303

GENERAL ASSEMBLY OF AIRCOOLER

E - 20

ISOMETRIC OF ONE BAY

FLANGE_SUPPORT
Lmax,=300mm NOTE ¢

4~ ALL DIMENSIONS ARE IN mm.

2- ALL FILLET WELDS SHOULD BE 5 mm, UNLESS OTHERWISE NOTED.
3-THE LENGTH OF BRACING SHOULD BE FITTED AT SITE .

178 200 PB 200 TOTAL WEIGHT= 355 (Kg)

7 HEX. NUT #18 4 |52 s w
5 T RB.816.=550 16 ST wom
7 BEND LINE BEND LINE PLATE 110x500<800 240 ST- _ woe.

6 HOLE 822 FOR
RB, #16,=550 ' SECTION "L_L" PLATE 110x120x300 4 lo4 sw wen
i FLAT BAR 100 L= CUT AT SIE S37
HILTI HT-REsgp s =5 || G Sl

|
5060 L= 1859.57 S5 mew
CHEMICAL METHOD e IN_ET & CUTLET NOZZLE RE NFORCING e s e
PLATE #10x250x300 . 11.76 ST-37 GUSSET PL

7 NuT sfs

DESCRIPTION L——l MATERIAL REMARK
5 o i

DETAIL "7" DETAIL "7"

DESIGN PROGRESS

w013 L60x60x6
A Z rest sued
SECTION "A-A" &

- H10:250:300 4

SHISHIC DESIGN & RETROFTT PROCEDURE
FOR

L v (1 " \ e Y| FANN AZMAYAN
CEHRAY 01 JEFNIYG CON oDy | BOOYANDEIT Co.
)

DETALL "1” RETROFITTING DV

SOUTH REFINERY

CATALYST UNIT
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6100

VIEW "R-R"

1 S0NE0N6 3

10250300 ¢
,
[=—

08016016y HoLE 822 FOR
11 pa. sisL=550

HILTI HIT-RES00

DETAIL "1" CHENICAL METHOD

1 NUT st6
20 1g H0

I
i L
! T ONodonnd 5

o HOX200x200
DETAIL "4

1PB 200 IPB 200 Il

SEE AIR COOLER

SECTION "B-B"

TICis

SECTI(')':L A-A SECTION "L-L"

o800S5 INLET & OUTLET NOZZLE REINFORCING

PYEELLIE HOKS06350 4

0x150x150
7
10

BEND LINE .

E odosdind o

H (S
SGM/

DETAIL "6”

BEND LINE

DETAIL "5"

2 05005 —

i \ :

| ©d0xd0xt 5

v &
W \Hﬂxmﬂxmﬂ 6

0 . S
el f
“ i 5b<>40x40x4

- odoudied_ gy

DETAIL "3" DETAIL "2”

ISOMETRIC OF ONE BAY

1= ALL DINENSIONS ARE IN mm.
2- ALL FILLET WELDS SHOULD BE 5 mm, UNLESS OTHERWISE NOTED.
3-THE LENGTH OF BRACING SHOULD BE FITTED AT SITE .

TOTAL WEIGH™= 1936 (Kg)

HEX. NUT 815 TEX)

sT-37

wr

R.B.#16,L=550

sT-37

=

PLATE 110x500xB00.

sT-37

o L

PLATE 110x120x300

s57-37

ousst

FLAT BAR 100 L= CUT AT SIE

ST-37

o
s

PLATE 110x150x150

sT-37

s

PLATE 110x250x200

s1-37

s

4ox4 L= 16022

sT-37

o

40x4 L= 1576 .9 | 948

sT-37

PLATE 110x250x350 8 [ 815

sT-57

L 60x60 X .5 | 210

sT57

60x60 34.05 [204.3

sT-37

s

6060 L= 3021 34.14 [204.84

s1-37

s

PLATE 110x250x300 2.95 | 35.4

sT-37

ausser R

UNIT | TOTAL
" WEGHT /Kg

DESCRIPTION

MATERIAL

REMARK

BILL OF MATERIAL

DESIGN PROGRESS

FIRST ISSUED

oasosaso - SHISHIC DESIGY & RETROFTT PROCEDIRE
FOR

CHIRY O NG CONARE [ GEE

AZMAYAN

POOYANDEH CO.

RETROFITTING DV

SOUTH REFINERY

N.T.S. CATALYST UNIT

EQ-S—M-D-|
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RESULT :

1- DECREASING THE OVERTURNING MOMENT FOR AIR COOLERS
BY ADDING BRACING & COLUMN.

2- USE EXTRA ANCHOR BOLTS IN NEW LOCATION .

3- INCREASING THE THICKNESS OF BASE PLATE BY MULTI LAYERS
PLATE AND PLUG WELDS FOR AIR COOLERS.
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