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SECTION 5

Mechanical Standards TEMA Class "R” Heat Exchangers

R-2 TUBES—(Continued)

R-2.4 TUBE PATTERN
Standard tube patterns are shown in Figure R-2.4.

FIGURE R-2.4
30° 60° 90°

(J \);

GO

Triangular Rotated Square
Triangular

Note: Flow arrows are normal to the baffle cut edge.

R-2.41 SQUARE PATTERN

45°

Rotated
Square

In removable bundle units, when the tubes are laid out on a square or a rotated square
pattern, tube lanes should be continuous throughout the bundle.

R-2.42 TRIANGULAR PATTERN

Triangular or rotated triangular pattern should not be used when the shell side is to

be cleaned mechanically.
R-2.5 TUBE PITCH

Tubes shall be spaced with a minimum center-to-center distance of 1.25 times the outside -
diameter of the tube. When tubes are on a square pattern, a minimum cleaning_lane of 14"
shall be provided. Tolerances shown in Paragraph R-7.2 will apply.

R-2.6 TUBE LAYOUT

The tube layout should minimize by-passing around the tube bundle. See Paragraph R-4.8.

24 o STANDARDS OF TUBULAR EXCHANGER MANUFACTURERS ASSOCIATION
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COUNT TABLES

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

The number of tubes shown is the
optimum number of tubes that can
be installed in the size and type of
heat exchangers listed. These tube
counts are based on TEMA nominal
baffle and tube-to-shell clearances
and TEMA bundle entrance and exit
area requirements. The shell side

nozzle sizes are approximately 1/5

of the shell diameter with an
impingement plate beneath the
entrance nozzle and a_pV* value of
1500 in the nozzles.

OUTSIDE PACKED

13924

4244

4816
5374
5864
6644

7634
8762
11096
13888

5284
5868

7520
8644
10968

13732

FIXED
TUBE SHEET FLOATING HEAD U-TUBE
NO. OF PASSES NO. OF PASSES | N0. OF PASSES
4 21 4| 8
101] 98| 92 °
268 141} 130] 120 -
324 163] 160! 152 ;
213| 202] 190 °
246| 238] 216 ©
612| 598| 568| 520f 2941 280! 260
656 343| 325 308
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17
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1608, 1562
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P
29302862

327213188
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547015382
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TUBE COUNT TABLES Zzwi,

OUTSIDEPACKED : FIXED QUTSIDE PACKED
TUBE SHEET FLOATING HEAD U-TUBE : TUBE SHEET FLOATING HEAD U-TUBE

17.25
19.25
21.25

23.25 #

25.00

192

3232

3648
4088
4560
5056

5844
£688
8476 ,
1056010492

FIXED ‘OUTSIDE PACKED ) FIXED GUTSIDE PACKED
TUBE SHEET FLOATING HEAD U-TUBE TUBE SHEET FLOATING HEAD U-TUBE

NO. OF PASSES NO. OF PASSES NO. OF PASSES 1. 0. . NO. OF PASSES NO. OF PASSES NO. OF PASSES

17.25
18.25
21.25
23.25

25.00
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Shellside Flow Distribution
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MEecHanical. CONSIDERATION
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CEX R BT
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Shell to Tube Closure
ond Tubeside Joint

Return Bend
Housing Construction

-

°

PARTS LIST

When ordering parts, furnish serial number as shown on the nameplate and designate
parts required by number and name as shown in the following tables.

Opmin)
(L]

~N

(2)

Lith

O

anl

L

Shell Assembly

Tube Assembly

Cover. Plate
Compression Flange
Secling Ring )

Split Ring

Fintube Fitting Flange
Fintube Stgb End Flange

b . B

WV wNO A WON —~

—
e )
. .

12. Shell Nozzle Companion Flange

13. Cover Plate Bolting
14, Tubeside Bolting

j

Tube Return Bend Connector

[

15. Shell Nozzle Bolting
16, Bracket Boits

17. Cover Gasket

18. Fintube Gasket

19. Shell Nozzle Gasket
20. Nameplate

PER SECTION

AN )

RECOMMENDED SPARE PARTS INVENTORY

F -

Two Cover Gaskets (17)  Four Sealing Rings (5)
Four Fintube Gaskets {18) Two Split Rings {6)




TEXWRAT &

Shell to Tube Closure and
Tubeside Joint of Multi-Tube Section

e e
S L B o W AT

Return Bend Housing Construction G £ ; ¥
of Multi-Tube Section B

Shell to Tube Closure and
Tubeside Joint of Single Tube Section

When ordering parts, furnish serial number as shown on the nomeplate and designate ‘ Y
parts required by number and name as shown in the following tcbles. : C

1

L K K )
—

E e

T e—1%

1. Shell Assembly ) 14. Brocket Baolts

2. Tube Assembly - 15. Cover Gasket

3. Cover Plate . 16. Nozzie Gasket

4, Secling Ring 17. Nameplote

5.  Split Ring

6. Fintube Stub End Flange

7.

8. > Tube Return Bend Connector RECOMMENDED SPARE 2ARTS INVENTORY
9. PER SECTION
10. i :
10 Shell Nozzle Compauion Flange : Two Ccver Gaskets {15) Four Sealirng Rings (4)

11. Cover Plo~ Bolting
12. Tubeside Bolting
13. Shell Nozzle Bolting

Two Split Rings (5)
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Shetl to Tube CIosure and T ubes:de Jomt of 47 Mulﬂ-
tube aned Low P:es.suu Sectxon RE

Shcﬂ to 'hxbe Closure and Tu‘bcmde Jomt of 3"
» Low Pressure Section.

Cut-Away Sectxonal Vxew Showmg Low Pressure
( Return Bend Housing Construction.)

5 RN

: l’BASTEX CoR, Pl

The full floating U-tube bundle compensates for the
differential Shell-lube expansion.

Only one castingisused ina Bas-Tex section and itis
of simple design.

N founsdpmedonsics

i conservative through bolted de- i

3. _ sign. Whenthe ponnet is removed i

! the U-bends of the tubes are |

- completely exposed to permit full
field inspection. : E

1 i
. [ : o : i

; : . i



BULLETIN 60

Double pipe fintube heat exchangers
Bas-Tex double pipe exchangers
feature the patented Bas-Tex closure —
a combination of external split flange
and compression ring flange — for easy
removal and positive alignment.
Through-bolt design cuts maintenance.

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

Line and Suction heaters

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

Horizontal and vertical fintube tank
heaters

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

Fintubes and custom equipment

Bas-Tex method of resistance welding
assures welded fins in one piece with
the tube, with maximum resistance to
thermal shock. Available in carbon steel,
stainless, monel, inconel, nickel and
other weldable metals in a full range of
sizes.
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(A) FORCED DRAFT .. . ' (B) INDUCED DRAFT
1. Tube bundle. T 4. Supporting column. : 7. Fan ring.
2. Header. 5. Plepum. - ’ . 8. Fan deck.
3. Nozzle. : 6. Fan, 9. Drive assembly. .

FIG. 1—Typical Components of an Air-Cooled Heat Exchanger..
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FIG. 2—Typical 3ay Arrangements.
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Tube sheet. 7. Stiffener. 12. Tube support cross-member.
2. Plug sheet. 8. Plug. 13. Tube keeper..
3. Top and bottom platcs. 9, Nozze. 14, Vent.
g 4. End plate, 10. Side frame. 15. Drain.
5. Tube. 11. Tube spacer.. 16. Instrument connection.
6. Pass partition. . :
FIG. a—-—Typu:aI Construction of a Tnbe Bundle with Plug Headers. .
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(B) INDUCED DRAFT
FIG. 6—Typical Plenum Arrangements.
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(8) REMOVABLE - BONNET HEADER

. Tube sheet. :

. Removable cover plate.

. Removable bonnet.
Top and bottom plates.

Tube. .

EFSSI

6. Pass partition. 11. Tube support cross-member.
7. Gasket. 12. Tube keeper.

8. Nozzle. 13. Vent,

9. Side frame. 14. Drain.

10. Tube spacer. 15. Instrument connection.

FIG. 3—Tvpical Construction of Tube Bundles with Removable-Cover-Plate and Removable-Bonnet Headers.
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(B) FLANGED CONSTRUCTION

FIG. 4—Typical Confined Gasket Joint Details,
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DIRECT RIGHT-ANGLE GEAR DRIVE
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TOP-SUSPENDED V-BELT DRIVE

1. Feun.
2. 3eag,
Ceeriie
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~—— V-BELT DRIVE
J= s —[
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I i
i ! -
] ]
| S —_ ——d
RIGHT-ANGLE GEAR DRIVE WITH FAN SUPPORT

LS |

BOTTOM-SUSPENDED V-BELT DRIVE

6. V-belts,
7. Motor.
Y. Tzarae.
*. 3ase plrte.
10. Fan support.

FI1G. 7—Typical Drive Arrangements.
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Header

Coverplate

The Coverplate Header design finds its greatest use in high fouling conditions
where more complete access to the tubes and headers is required. This design
is applicable to installations of moderate pressures. It is available in single
or multiple pass designs, with drains for each pass.
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nManifold
Header

0 ki

Flow

welded design and is particularly adaptable
lable in single or multiple pass designs that
self venting types. The unit is available

The Manifold Header is an all-
to high pressure service. It is avai
can be furnished in self draining and
with welded or flanged connections.
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TABLE 1

EARLY UNITS

SIZE

2 PAR

40"'X 40’

DWG
DATE  USER
FEB SHELL OIL
1966 (WOODRIVER) 51" X 60’
'MAY’69  NCRA
(KANSAS)
OCT’'69 COASTAL
STATES

(TEX)

2 PAR
56" X 20’

SURFACE

21000 FT2 EA -

6017 FT2

8500 FT2 EA

- MFGR

IND FAB CO

WESTERN
SUPPLY

IND FAB CO

| UOP 537B-4

g7-¢
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TEMPERATURE, °F

1000

HEAT RELEASE CURVES

1

900

800
700

600

4

500

400

300

20

40 60 80 100
HEAT TRANSFERRED, MM BTU/HR

120 140

JOP 5378-32:
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OPERATING & MECH. DESIGN TEMPS|

I

BN R
| 1010°F |

HEAT TRANSFERRED, MM BTU/HR|

;.1-000' 'HOT END DESIGN—= \
’ | R 983°F
900 v
Iél'l # 898°F
= 800 —»
| 700 o~
>3 550°F__ PRy
¥ 1| COLDEND\ ’
T 600 - W p—
& | | SHELL SIDE -
2 500 » \
| | X NTUBE SIDE
400
- ‘ﬂ’ﬁ
300
200 L _
0 20 40 60 80 100 (120

\UOP 5378-22i

140,
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GRADED METALS
MAX. OPER. TEMPS. |

LATEST (FOR PARTIAL PRESSURE H2 [=< 200 PSI)

ABOVE 525°F | 1Y CR-: MO OR 1 CR-% MO|

<525°F ! 'KILLED CARBON STEEL |

| UOP 83785,

$TTC



SUNMMARY
‘DESIGN FEATURES|

CONICAL INLET WITH DISTRIBUTOR PLATE
INTERNAL EXPANSION BELLOWS

SHELL GIRTH FLANGE

GRADED METALS IN SHELL

TEMP. BREAK PT. FOR METALS

DOUBLE SEGMENTAL OR NTIW DESIGN
DERESONATING (LONG) BAFFLE

'CLOSE TOLERANCES FOR TUBE HOLES IN BAF

FLES

| UOP 53787

JEQ
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Closures for High Pressure Service
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FLAT GASKET CLOSURE
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PROJECT SPECIFICATION
NUMBER REVISION
Process Division « UOP Inc. — 401 -
20 UOP Plaza — Algonquin & Mt. Prospect Roads » Des Plaines, lllinois 60016+ U.S.A.
SHEET OF
TUBULAR EXCHANGERS BY APP'D
DATE
SUGGESTED DESIGN: TYPE "MODIFIED DEU" EXCHANGERS
Channel
l :j SPeo &t

ar/

Seal welded
diaphragm

perty of UOP Process Division and shall not be disclosed to others or reproduced in any manner or used
'y purpose whatsoever except by written permission or as provided in a signed agreement with UOP Process Division relating to such data.

=~ These data are confidential and the pro|

]
¥

Shell

Tubesheet bolted to
inside of channel

Partition and sealing
__plate bolted in place

Channel cover




high

pressure and high temperature
heat exchangers




Heat Exchangers
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PROJECT SPECIFICATION 'I'
w inc. NUMBER REVISION
Algonquin & Wt.Prospect Roads - Box 5017 Des Plalnes, lilnois  600i7-5017 « LLS.A. — 4'6 _—

SHEET OF

WELDED PLATE TYPE EXCHANGERS - -
! ?Ac K,uox v DATE

r or
ch data,

+ by written permisslon or as provided In a sloned agreement with UOP Inc. relating to su

NOTE - These data are confidential and the property of UOP Inc.and shall not be disclosed to others or reproduced In any monne

used for any purpose whatsoever excep

CI34I7A

TYPICAL ARRANGEMENT FOR WELDED PLATE EXCHANGERS ITEM NO.

REACTOR COMBINED
EFFLUENT FEED

'NLET~! #OUTLET

I {g]!

WELDED
PLATE
BUNDLE

PRESSURE
" VESSEL

A

- . o S . e aw W B W Gm MR M e M e e Mmoo e mm e

LIQUID
FEED
INLET

e

RECYCLE
REACTOR  "Gre

EFFLUENT T
OUTLET INE




HIGH FLUX TUBING

e POROUS METAL FILM APPLIED TO I.D. OR 0O.D.OF TUBES.

CROSS SECTION OF
HIGH FLUX SURFACE
(100 X)

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

o IMPROVES OVERALL TRANSFER RATE 2 - 4 TIMES

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

® WIDELY APPLIED IN PETROCHEMICALS, REFINERY AND REFRIGERATION
INDUSTRIES.

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

® REDUCES CAPITAL OR OPERATING COST OF EXCHANGERS.
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: ! SYSTEM o
l _ 1 SYSTE l
REFRIGERANT
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KETTLE TYPE
, CHILLER-CONDENSER

O.D, CpA7ED

ONCE THROUGH

2 = HORIZONTAL H-TYPE
F THERMOSIPHON REBOILER

0D . CoATED

_Hg
W

N CONDENSING
VAPOR

ohe

CIRCULATING TYPE
VERTICAL THERMO-
""“ SIPHON REBOILER

Z.D, CoA7ED
O.D .FLWiED

FIGURE | COMMON ‘HIGH FLUx’ HEAT EXCHANGER
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CASE HISTORY

DEPENTANIZER REBOILER RETROFIT
———="UANeER REBOILER RETROFIT

RECOVERY.

REVAMP OF PETROLEUM REFINERY REBOILERS TO IMPROVE HEAT

REBOILERS DRIVEN BY TOP CIRCULATING REFLUX (TCR) STREAM

COMING FROM CRUDE TOWER.

ORIGINAL TCR FLOW TO REBOILERS = 500,000 KG/HR.

CHANGES IN REFINERY CRUDE & OTHER MODIFICATIONS REDUCED

TCR FLOW TO REBOILERS TO 350,000 KG/HR.

HEAT DUTY OF REBOILERS DROPPED.

.DEBOTTLENECK OF REBOILERS ACHIEVED BY RETUBING EXISTING

REBOILERS WITH HIGH FLUX TUBING USING SAME SHELL, HEADS

AND PIPING.

5/89
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TABLE 1:. COMPARISON OF ORIGINAL AND REVAMPED DEP \

TEM BARE TUBE REBOILERS HIGH FLUX REBOILERS
E-702 A/B
As Designed Actual Operation As Designed Max. Expected
(1969) (1980) (1981)
Heating TCR Flow Kg/Hr 488,800 349,250 349,250 349,250
L)
TCR Inlet Temp *C 149 143 143 143
TCR Qutlet (*C) 126 120 110 106
Depent. Bottoms *C 103 97 97.3 97.3
Overall AT*C 33.1 33.2 258 22.3
Reboiler Surface, M? 484 - 484 484 484
Overall U, K calHr M? C 429 305 552 m
Reboiler Duty MM K cal/Hr 6.875 as0s * 6.875 ¥ 7.701
SIMPLIFIED
FLOW SHEET,
CD6 UNIT, G-C2 e o A;l
#20 @ik ~ OCISOMENTANIZER
SR GASOLINE . QU
N
cRUDE o, O %
TOWER N E . NYDROT‘R‘!'AII;EDD
- 1 et 37 -9 -21208)
A0 o INFERSE e B
IR fDUTY e ow R § @ | ]
\ " 05 o L5
‘;:" n—;’w K cruot .\pﬁ
1 P P 0
n7e8 s mn e O EASOHEXANIZER
&aer REID m“’
HIGH FLUX
REBOILERS




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

ITEM UNIT A UNIT B
LocaTion FRANCE USA
ReBoILER S1ZE % 1-65"x240" 2-53"2u0"
BoiLine XYLENES + EB XYLENES + EB
CONDENS ING ToLUENE ToLueNE
HeaT Duty s Bru/HR 45.0 71.8
ExcHANGER OR1ENTATION VERTICAL HORIZONTAL

e L I i
OvERALL U BTu/Hr F12 °F 210 185
Tuse Tvpe + .~ 0D Fuuven (14") 0D CoaTeD
N\ ID CoATED
Benerit FueL Savines FueL Savimes
STARTUP 2/84 1982
4 IF BARE 10D TugEs .

U-VAWE AR BS BIUJHRFr™
Ruc\?ume 2 EXCHANGERS IEACH APPROX * 65 x 240"
.')R 4 u T 4 87x 2407



