R

&% &t

(GAS-TO-LIQUID TYPE COOLER)

QU3 FrRolAY #ABEES BiELez B9 T
2E ﬁﬁ‘:ﬁﬁf%ﬂ FE#h(sensible heat)s] BEjo 2 K
H mEBATET AHTREL BITTo2A FE# give
and take 24 Ffiinfyel A5t 2 ik K3 S 2
MBEAE e o] AEASl HolAgt ol ¥
BT Folo] REAGH = m#TE] T
BEBhA L RS B o] ASFH SEK(EE H
AR 7}F process ifiggel A B Bkste TRHS
BEESHE %#EEs] REE A1 LBTHA oA
FAESE FfEo 2 o 9o

¥#3] process jifif7l gas o A& HEEHC A5
27 = GEEM hitg BT @?&‘&@E% =
Retmz SEBRRE BEY A ARG

AR A= AF A2 BiFo wef HHBEFAAE
Tckge] #H(phase) #LE FH3X ¥& BHI HHE
e Kol (K3 gas cooler of 2l 2 FIKY

Mot FbAEg WshaA Yok MAEE MY B
el WIS BITE LA w TREY ER RN
£ 3IRER S2A o
LR TRER0 3
AHBREHEEL] RE
TR AR TES TREL 3 ML

el k3 REZIEES BRIE WEKG 2 sl
% BAGAT TEEQ.:_ process flow diagram o] whS-o 7]
W FrEAHEY 5F TEREY &, EhH HAD
o BE 2 s %ﬁﬁiﬂ.il‘%ﬁ KEARIQ) HEIgEE 2]
%\/Hﬁé{i(process specification) S <A =w o] 2 ¥E

BYT BERe B BENE Az FdF
Sl A= eh,

AEBPK EE

BEEZA BEL 7 dE BRe BIRRE 78

HEMIE R gL

et st, M43 M 12 1966 43

& E ®

s olesh 2,
1. & FAl (shell & tube type exchanger)

7F. BEEERE (fixed tube sheet)

v}, HEEE R (floating-head type)

t}, U-tube type
2. ZHEEM(double pipe exchanger)

3. Fin tube type cooler(extended surface)
4 FAER

7}, Coil type(submerged pipe coil)

1}, Drip type(trombone or cascade cooler)

t}, Plate coil type exchanger

(1) Shell & tube type BAZFHZRE {(LBIHAA &
Aoz 713 we] 2ol Kol un-fired heat
transfer equipment 24 ol H3lly ERBMITE
W&ol ASME Code 9 BriBflfplii@el TEMA
o4 dusbA WL e #MTHRE HERARS
Ak glet

B EEHE (fixed tube sheet) & &% 150 psig 2
300°F ©]3t9) wlmd A& AY FHETAA " giEe]
Bz gl Aoz b EEEIA AMEE &k 7
KBy tube 9} shell o] BWIRGERCT ¥l HES A
23}, shell & EPFaﬁd] expansion joint & F[HIdto =2
A ey KR BifEete] Bol FAE R e
[&e] .

Floating head type & 7173 BE#f) #achiZEol
o Hik B EREES b d o 8ifEmT
7t BEsteh. #iE L @ Packed-lantern-ring tyre @
Out-side-packed floating-head type, & Internal floa-
ting head type @ Pull-through floating head type &
Bayonet-tube type %°] 91t}

(2) —E®&® double pipe exchanger & %HIE gas
o Wigel vz Az HAHEEHET 23 ] 5
AEEL W5 MRS, W 49oR o)
< HFett R MifERC] SRR gas 9
DEEE AHKRC TEADE e s BHE

(65)



KRS KR

¢l A% &% fin(longitudinal) tube & dck. #l
fEEEE K2 2~4" pipe shell o] 3/47~2-1/2"" 4
& (inside pipe) Eoln 2 olFelT BEE gasd ¥
&o] Wokxd HEHAHIE st JEEEme] o

(3) Fin tube type cooler = gas A% gl o] A gas
il Chn side)o] FEEGRET SEIKMC vl et FA A
o2z oggrtx T e 2= extended surface 9] ZHE
2 gl qhol —ES AHIET O YWl AR
#i#57} compact SR B FEHEHREIL AL B+
tioh, #iilt3F double pipe exchangerd] FEFEYE
# fin 5L B9 Brown Fin Tube @it @ Griscom-
Russel it 5 Sl @ptelA FAZT “HEERBS
R E HlYEsto ¢l o], Wolverin Tube &t 9] Trufin
(intergral fin) tube & A}-2-3 %%l sheel & tube ¥
#12%, =& Foster Wheeler 3] A}9] cross flow o {3
transverse-fin gas cooler 5 o] EHE = 9t}

% BE DE BETY gas HHE ¥+ inHE
EASE A0t B

(4) Hph FX o2 A submerged pipe coil, cascade
cooler 2 plate coil type coolexr E-& 7] FA1A o] A
3 gas v}, NFEE (LETHAAN &8 2yE Hhelv
gas 7} ‘BAMS @Bt 2ol HEgeld wabd Hk
WEE L Fe X3 Bkel vt ¥ REE B#E

o] £% St
Etel KEEe9Q IR

1. FREFETERTC FolAd ok & ¥k
7} HAR TR (Process specification)
a. THE gas B 2 M, Ui, AP HE
b. {FRAHEKSY BE
c. Gas 3 WEIR{HS] £FEETRKUP)
d. #EUKE ME ®E 2 WA HRHEHRE
(fouling factor)
v, EERIE I B (Mechanical specification)
e. WEERS] AEIX
f. Wikl BB side o BE
g. (ERERHE 9 FEEFY HE
ho & EEHS(shell, &, FHE) HH
LoHA THS HEER
o WHARKS A 3 EIR WA WOBES
&E‘Grl heat balance ofl 3+ ¥HAKRES HEd}
HETHREEIMTD) € EARERIHEEESE
017 % BEMERBEDE Rt FohFHREx
Am(EMTD) & FESH.
4. RS FBRE(—HE gas cooler & A5 HilfFH

(66

BERA FOE) L BIEED BETAA 4
Wi ERE BAstd R » HE. BUK
HE Sl KIS gas 7b 4] :nﬁi‘d ZE¥E 0
=9 HLBES MEs) AAstdor & ol
EtEY W =v BEY wEEke Y fEm
B fRH U'd(design overal heat transfer coefficient) 2
7} ¥EEst Foulier o} FEAM sl %3 FIE &
BmEs HEESTE S

A=

‘17 »\_‘

w

Q9

U'd A dtm

EARREET M RS REERez 5 HE

EREE FtESY WEISY Hikel @t T shell

8 =7 & sEdkai(tube count table, catalog Ei= &

B MREE &I R, FEELE & :Eﬁﬁ']

S EESt] KERM BRI BEEHE Ik

- EERETEE ARl Y FHEFE(rating for exch-

anger) & e},

b, 4l (shell side) 2 BPIfH] (tube side)o] ERE
BF#EF# (individual film coefficient of heat trans-
fer) h, 3 h;, & kg

v RREHMEEERMI A Tl fouling facter 2
Bl R REERLE Ud s Agd

ok, e BENEELS &% AT
(DIEY rating A4l A WRE Faksls BIE

RUMR AHET HEBETAA RES Udeh A"

Ud el %7} KBk 5~10% IS wWeleid 4

o Aol T BRERIAES ?ﬁ atEtEt

i‘"‘"“ﬂ"‘°’°’4"7‘\“‘-7}%‘zﬂ“ H FE
€ BERTE ERsd G)HE DT 7 LITEE S (trial

& ervor) FHEE HE] 3t WRT #HEE dE

AXETEEMRe] MEIrE R MMMEBACRBRAEES (FRE

BRI ERE 2 B o] ASME Code(Unfired

Pressure Vessel Code), TEMA(Tubular Exchanger

Manufacturing Association), ==& {FHE 3 33

Grtfle) EYT Hdee ke At ﬁ‘n'7} SERE A

(EEE og BiEAReR Eo7tx B 1] AR}

= uled e EigsasRate] AES) fERE o
RETESE R 2EHEHE

1. Gas 2] % Gas-to-liquid type o] FAsgagizy

Fholl el A 4 gas o Moz AT liquid-liquid

system 9] FERILE dolE LEA} glTh
7b, gas o] HEEEE KRG 0.015~0.025cp EiEHZA

Teakell bt A AL Wohgst Aot THE |

B} o 3 e,
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# 1 EXCHANGER SPECIFICATION SHEET

Fmgtyje| MA——

Customer : American D
Address

Plant Location

Dwg. No. B-228-811

istrict Team Co. Inc.

: North Tonawanda. N. Y.

Service of Unit Nitrogen Compressor After Cooler

Size

17-192-650
Surface Per Unit : 650 Sq. Ft.

Type * Floating head Sp. Rg.
Shells Per Unit : 1

Reference No.
Inquiry No.
Date 5-24-56
Item No. M-301
Connected in

Surface Per Shell 650.

PERFORMANCE OF ONE UNIT

§ Shell Side |

Tube Side

Fluid Circulated
Total Fluid Entering
Vapor
Liquid
Steam

Non-Condensables

Fluid Vaporized or Condensed

Steam Condensed
Gravity-Liquid
Viscosity-Liquid

Molecular Weight-Vapor

Specific Heat

Latent Heat-Vapors
Temperature in
Temperature out
Operating Pressure (Ga.
Number of Passes
Velocity

Pressure Drop

Fouling Resistance

Nitrogen
: 15,100 lb/hr.
| 15, 100 1b/hr.

13,100 1b/hr.
‘ None
l
|
28.0 ‘
0.236 avg. B.T.U./(b)CF) \
| B.T.U. /4 |
335 °F
90 °F
) 400 #/Sq. In.
1 Shell-16 Crosses
! ft. /sec.
1.3(Cal. )2 #/sq. in.

- 001

Cooling Water
378 GPM

189, 060 1b/hr.

10

0.85CP @ 87.5°F.
18.0

1.0 B. T.U. (db)(°F)

B. T.U./ /&
85 °F
90 °F

50 #Z/sq. In.

3.8 ft. /sec.

3.0(Cal.) 10 #/sg. in.

- 003

Heat Exchanged-B. T. U./Hr.%946. 000

Transfer Rate-Service :

M. T. D. (Corrrected) 49.3
Btu/Chr)({t?) (°F) Ud; 31 Clean Uc; 36

CONSTRUCTION
Design Pressure 440 #/5q. In. 150 #/Sq. In.
Test Pressure 660 #/Sq. In. 225 #/Sq. Ind
Design Temperature 385 °F 150 °F

Tubes Admiralty (Inh.) B-11 No. 211 O.D. 3/4” BWG. 16 Min. Length 192" Pitch 15/16”” Trian

Shell: C. Steel A-53 Gr.

B O.D. 18” L. D. 17”7 Thickness 1/2"

Shell Cover: (S.R) C.Steel A-285 Gr. C FBQ 3/4” thk. Floating Head Cover:C. Steel (S8.R.)

Channel: (5.R) C. Steel A-53 Gr. B
Tube Sheets-Stationary: 2-1/4 thk. NRB ASTM SB-171 Floating: NRB 2-1/4” thk,

Baffles-Cross C. Steel 15 Spaces ‘@ 12”° Type Segmental 359 cut Thickness 1/4”

Baffle-longitudinal
Tube Supports: C. Steel

Thickness
Thickness 1,/2”

None Type

Gaskets Soft Steel Armored Asbestos (Jacketed)

Connections-Shell-In
Channel-In

Corrosion Allowance-Shell Side 1/8”

6" Out
6" Qut

£
&
Tube Side

BetB8, M43 H1Z 19664 48

Series 4004 ASA RF
Series 150 ASA RF

Channel Cover:C. Steel

(6



T ESRBel B

Code Requirements ASME-attch Spec. M-2-107
Weights-Each Shell 6400 1b Bundle 2230 1b

Full of Water 8,100 1b

NOTE: Indicate after each part whether stress relieved (. R.) & whether radio raphed(A-R)

REMARKS: * MAX. Metal Temp. of tube sheet is 250 F.
NRB: Navab Rolled Brass

L ooz 2
nold No. & witsal =}
o} ZBEE (Thermal conductivity): KEE kst
g At gasE E9 k 2o 4 1/15 BE=E Ao,
2 KFEE ERS Gk gas o HBS KBE 0.2~
0.5 Btu/(Ib)(°F)] wl 9fell 9l
vb. @uk gasoll lelA wd(C) *E (), BEHEPE
GOv BEEA} o 52 st #HEe) R 3t £33
Prandt] No-(Pr) Cu/k &= EE] %ﬂ"d}'@} BIE  EEgho|
fonz AFE SEHCIS 1000 psig o] o] ofy
oo K20 #HES 2z ERNd T BEtiE
o J= HEE FHeA e,
% 2 PRANDTL NO (Pr) C;/k FOR
GASES AND VAPOR @ 1 atm & 212 °F.

s HEHEE = gas 2] Rey-

K l (Pr)o.s [ (Pr)1/3 } (Pr)0.4 ’ (Pr)z3

Air, Ho 0.69 0.894] 0.884 0.866] 0.781
NH, 0.26  0.956 0.951] 0.941] 0.904
CO2 CHy 0.73  0.617] 0.909 0.891! 0.826
Argon 0.-6¢  0.883 0.871' 0.847 0.759
CO, NO, NyOs 0.72  0.906] 0.896  0.877 0.803
N;, O. 0.7¢C/  0.89¢l 0.88% 0.867 0.789
Steam(low 1.¢6 1.018! 10200  1.024| 1. 040
pressure ) |

Data Source :
McAdams “Heat Transmission” 3rd ed. Appendix
Origin :
F.G. Rept. 37, Project Squip(1952)
vk REEEZ 1000 psig o] 4+e] HEE gas9 Hik#(E
T MIES BWaet  #iEe] B3 BEE2A Perry H.
Book 4th Ed(1963)e] A48 #isd 9t
Ab Gas fllo] BESERE FA—F HEEE o5t
gas & ¥ %ﬁ‘ﬁ"ﬂ et o] HAFS dotE Fa
7} 9l e} ol & HFIsIF exhaust blower o] f&

Keyes, Tech.

=

&)

g OHRE WA ARITY gas HAIEEA) QAL H
AERENIER] 7 MEREY e HEEES B

g RRFHS HoL ERE

2. AHkol pRste

7k BEERAY BHKE BAA KBez FARSs
A ¥ obzh EEdREol BITE FiEe]l v KE
- L fhw

—RR M st & A YT KWk S E
of glTh. %55 Bl FolA st MK HELE B

(63)

.

B (BEAIS scale BUEHERG] 4t algae 2] T
Bs Pigke] BT T

v zelmE S8 shell & tube type % mEEEe A4
$- A BlIHh Qo] BHAE RE 524 33 tube
) MEE JHE4BY A4 (admiralty,
cupper, muntz metal, aluminum &4 5)& A &3t
EH(tube sheet) 2 HFMS ALT = 1/87 o)A
9] Corrosion Allowance & FE7} # 19 figdte]Al
A7 NRB (Navy rolled brass) 72 JE4BS ALy

red brass,

35 Corrosion Allowance & F%] 3= Aol Ao
o},
‘:} B BHKS S Ao E 5 FPS o 4CGEH
PS)e 2 dlodokdtz HHK HBEE scle
i‘/}'ﬁc -“?——1% WA B st 120°F49°CH) & 25
A HEs wf: seiol ok,
m‘:%f it b BFAE Fouling Factor oF [E{# BEEE

olew TEMA Standard off 4] #EESIE= ¥%#E1:Y] Fou-
ling Factor & #E5ral=d ¥ 83 2},

# 3 FOULING FACTOR FOR WATER

ZeEEFAHLE 240°F. 4= 240-400°F.
* 9 & = 125°F, o] 3l 125°F. <4
F9 4 (Water)| 29| 5% (Water)
WATER 3EPS | 8FPS | 3FPS 3FPS
°] z}|ol A |el 3| A
# 5 (Sea Water) 0.0003| 0.0005 0.001  0.001
W}7tek 2 Spray Pond
A 7+ 2 0.001 0.001  0.002 0.002
A 7 483 0.003 0. 003; 0.005  0.004
A% 4(CityWater) 0.001|  0.001; 0.002 0.002
" (River Water) 0.003] 0.002] 0.004 0.003
Muddy Water 0.003 0.002] 0.004] 0.003
73 9~(15grains/galo] 4 0.003] 0.003] 0.065 0.005
= 5 4 0,001} 0.0005 O. 001‘ 0.001

* Mississippi, Delaware, Schuykill,
East River @ New York Bay 9] #7%.
DATA: TEMA Standard, 2nd ed, (1949) Section 8,

T-2-4.
g}, “ﬁﬁﬁ{]°i HEVKS BRGNS . RSt
-5 =83k 300~1500 Btu/Chr) (ft2) (°F) #iE 24
438 Eo =R water-to-water exchanger JAE A
A%k fouling factor 9] FF7Ee] i) 2 EES

J.KIChE, Vol. 4, No. 1, April, 1966



FA| 5t gas-to-water Q1 A gas 9] EEEBGE}
Y5 A7 a Foll fouling factor HBES e 2 W3t
SRS 92 2% BEER HA4 g=o
3. BT AN Mo EAHFEa
Q=WC(T1—T)=wc(ta—t)=Ud- A. dtm
iEAS A Ud & B JMEE KBS Ho #s
Eiel B8 Aold T & 22AIATE o
FHE e AlVlA AEASS BHIR EET ERE
e Rpd WPEA conductance 24 R3pe F 59
FEe} [F—3}t,
7}, EREEGAHIK) S BEEE -
1 1
hio hix (% )
b BTG SE A Y (Scale 3 Hip) ¢
Rdio=Rdi* (Do/Di)

smetziel dH

1 i -
Vd= 6T Rdio +1/ho < Rdo =4 A=

4. FYHFEHREXE Jim
T E&o) Y} 1-shell 1-tube pass 9] i dud

el B2 HWHPHEEXR(LMTDIZA ot X
®me) B, A, W, TERSY HHY s
ol ol g Mol FEREh oo Wd HITE
BE KIe BFEE B @ #hE9 9. 24
B 45 obg fIEA el Zed 1-2 exchanger o
A% BEEKREA ol & A

etk WIERE Fto) 0.7501312 ®old wio] o
T 2HE BN JERECInE £ B
An R A3 THEHES #FEES), shell o A
& HEFEANS] HIE Ft7} 0.8 o]Ale] Hr &
e 2ol AHAyel =,

o mEAES 29 3% : Ruw el s coolerell AAAE ALATA 1 A
s}, 4FshGshell side)s] FeragA: o A AHBEEEMTDE Fole Wdo gl
. E7RSAC Side) 3 G AR e HAB, o2 Wi HoEEs) B—i5E 99
8L FtE 0.8 28
Gz olowd EEtEMEA 2
4 Aot}
1.0 o
N§Q\ 5. iﬁﬁﬁﬁﬁ;& I nfg
02 “ VAN A AN FRY WA 2 G4
: \ \\‘&\\\\\ \\\\\ \ + %% shell and tube type
5 N\ o gas hEEmEA EE B
;:j Hng \\ \\ ’\,\’ \x\?\\ c\c\?\, \\2 HAKZF BERE 228 A%
5 orfRpEE R PR PRI AVAR TR SIS ol T
E \\ \\ \ \ \ X ¢ aR wHY BERE
S s s Hasts A
2 \\\ \ \\ \\ \ \ iﬁfﬁ—zﬁl%ixﬁ g2
= o0s 0f 67 65 04 05 o6 @ o8 o5 1 RTINS ST AR
= T} MTD CORRECTION FACTOR (“) %59 A D
(E: t, 1 SHELL PASS 2 OR MORE TUBE PASSES Tube 45P39] #EH(FPS)L
r_\; . oS- = R:’Tﬁ'? Fo b/t e Fabe] B 504 ki & F
el

Ex 4 LMTD Correction Factor, Ft,1—2 Exchangers

b, %t (shell side)e] {B53A 8 : Rdo

o Toll A HHRGIE BEARY A9AY Rwi:
Wi A7 B FAsly webq gig AdA =
Ud e

(* 1) Kern; Process Heat Transfer, Appendix fig. 25,
p 835 McGrawhill (1950)
(* 2 Sider & Tate ; Ind-Eng-Chem, 28, 1429~35 (1936)

Bist38l, M43 M1 1966 49

stz HAEY AR K
LS g
(b) Sider & Tate

Equation(* 2)

Bl A o) ERiEs
hiDi DiGr \0.87 ct \0.33/ ;0 10.14
o (EET) )

* Shell side of bwﬂln‘u@ qlol Bl BT o

E DidAl De, Grdl] Guz REZo2A4 a9z
shell side o] AatAl 4 ko & ﬁ@ &x ot}

(69)



5 )i
:
s T~
210 \\
: e
Z{d L
S i
) *
e1(
7&4 15 2]
4000 i T L R — !
The . : i
£ 7000 l— o =
s ‘ O
2 Y
K3 I S
< i LA T P
2000 : : AN
& 200 , %\g\ 7
Z i YA
"= ! /‘\ A
o vV
g | 2
iy 7
S ]
i)
5w A
Z s
= B
o] i
£ 6w :~
ER
= b
423 ¥
R '
305 ¢ ‘ :
L ; |
L ! Lo ! |
200 | H— ‘
1.0 i.5 2 3 4 5 6 7 & 9210

Velocity through Tubes, ft/sec
E% 5 Film Coefficient for Water in Tubes
(¢) Dimensional Equation(* 3) (BgE#:)

0.8
hi=150(1+0. ooma)%%—ﬁ

& FIEE : Turbulent water flow inside tubes
Re>>10,000, &E8 9 40~220°F
= FSu Rl ¥ HEEKS )T EpE
tREel =2 o1& Aol & = shell side sL#E9) &
BAERTC] HET BIEI hio 2 ESIY 2yEEEd
Agstolob g,

(* 3) Equation 10—40, Perry’s HHand book, 4th Ed.
p10—14(1963)

(* 4) Kern; Process Heat Transfer, Appendix fig 28,
McGrawhill(1950)] 4] 259 cut bafle o] [E3 (Re) vs
JH Ei#E Wolverine Tube Cool 4 MEMAIKEES ud
fEIERA .

(* 5) Equation 10—41, Perry’s Chem. Eng. H.Book, 4th
Ed. pl10—14(1963)

(* 6) Equation(10—4), Perry’s Chem. Eng. H. book, d4th
Ed. p.10—14(1963)

(* 7) Equation 10—51, Perry’s Chem. Eng. H. book original
ref:Ind. Eng. Chem. 41, 2499(1919)

(* 8 Fquation 10—61, Perry’s Chem. Eng. H.book 4th
Ed. p. 10—19(1663)

(70)

hig=hi x —‘%:m y JBLQ_
v EFHMI(Shell side) 2] IERH SR T
(@) BE 6 LY A&
KRS BRI S
ARNEE B s,

(b) Colburn type equation(* 3)

el FEe FIEe

o (gL)Z/ R

CGrax \ £ (Dona\/ 0.4
() Nusselt type equation™ ©

, \1/

e (6. oy
) # (@A a= %)\i?i’“zﬁi/ﬂ Re>>3000 &) =71
o A shell leakage & #RE3IA 93 IEivo] £55IAEF
(& =E A pitch) € = 0.330 in-line E%{(Isquare
pitch) & @l 0.260 <1v} §EH S baffle HiEhZr s8] <)
o] 4] TEMA #4529 baffle hole [FE 2 shell 7} baffle
FEY) #fEE AT clearance 2 3 leakage
(short circuit & orifice flow)E #ZjEste] FHLIHE
24 % 60%] dsE 0.198, (for staggered) 2
0. 156(for in-line)& $REsl s

(d) Donohuo Equation® 7
B o DI P

12
o

VGe-Gb

Ge=weighted mass velocity=W/Se=
Se=weighted flow area

= 4/(cross tlow area)(window tlow area)

Ge=mass velocity thru cross flow=Gs=G,,,.
Gb=mass velocity thrua baffle opening

(>8] Nusselt type equation ol 4] Guoe A B
cross flow(§%5) G008 bafile window(¥IEi#15)<

HES FoE Belde] Bee) [TRMESY s

FifEel Gez fEE Kolm= bafle cut7h [F#ol
obd %ol EMT s o

(¢) Dimensional Equation* 3>(E§%’.‘}12)

.6
ho=0.11C— (f"”q)

Baffle fiz9] #hZrisiel 2o o) #5)
o ARl A AL hoo] 60252 WHiEse] itiEz ot
ST SEHIED R RIET) Prandd No. (=)
=0.78, HEEE £2=0.0426lb/(hr)(f0) W98 AukA A=
A SEFIBETIAF S cross flow o] AS BEEES 2 A
Bo] fistng Fie] ZLREA e
slet,

ol BWIREM AL Wl FHEY FRoz HA
Holstz A7s e AL #oA E= fastg ok

leakage 2

+
ALE 5

mu
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T #HE ol KA

o) slow st BEHE A% AX, EEEF
who iy} ZFE kel A

SEr HRA AEKY ke EY 500~1500 o]
hio 2 EE] o) T 400~1300 Btu/(h) (D CF) ¢
o] ] &ked shell side 4] gas &) h, &= 7] 10~83 2
2 BHKe vlste] ks Hosd S total dirt
factor RA & KB4 2 0.003~0.006 HS =2 &5 Fo=
o] 5L ¥ ALGAFor Findte ¥ladhd

AEME =3 1/h;,=0. 0025~0. 00077

gas fll AT 1/k,=0.1000~0. 01205

total dirt factor Rd=0.0030~0. 00600(+

MminEsmEE1/Ud =0.1055~0. 01882

6. BAE%LC| 5
(7]-) Tube side 2] B 385
HHEE 3299 EHIE% 4P, 9 pass change
°] g WE) J7E #Eaol] ZEE3S return pressure drop
P & ZET 4 gevh, TEMACdA RA 3z 2
FHik o024 Kern® 9 “Process Heat Transfer”o]
N AL BEREBHRET FTEC ddA EAMYel =t
AZA=H o ol & 5| HERTE A% A3t @
(a) Tube pressure drop
dP=355 fﬁg[l}ns
BEKS RE HECdA hHE S+

HE‘érll“;}N

1.0, #iEe] &

Chr)(f12)CF)/BTU W \0.14

0 100 1500 10,000 1of ’?_}’ ’ﬁﬁﬂ:&?ﬁi O -(*“—)

06! 3 456782, 456782 34 3 456799 6 0¢

g =22 3 X 1.0oZ Zof (4:#']7K«]

L pai 6

4 Note Friction factors ere d 1, fi?/in? 1o giv 4 73 % 2

3 P2 1 pst directly. To obtain d I 3 AP, = ___.__ffC L

2 friciien factors muluply the ordinate by 14 2 5.22x104- D,

ol : ‘ o 24 W,

: . : Friction factor vs Ret of
£ s & ’ B EWE TS BRI v}
i g @,

- 0.0d0t 4.0001
¢ g (b) Return press drop 4P,
Ve
3 5 AP=g— .
2 : 1- 2 =&
0.0¢08} A | ) BN, i 2 A B
O S ey 2 ASEIO 2 sasend a0 o  rere: "
(3 0 16,000 136400 10 Bxs ﬂ%@@i'ﬁﬂw)“?
et DGt o ale EERAAD & IR Ao HIEEG
et =DiGt/ N .
’ o <3 EEER V2/2¢ & [ 8 oA 7k skated i
=2 7. Tube Side Friction Factors
1o e et T
] e 3 i}ﬂf{?{i
Py Revarn prossare & ety heads
& fomden Tuta] retarn pres: oss (4\ lovity heads) ~ pas: 7
RS TR Ud=9. 5~53}3TU/(hr)(ft2)<°F) SEL »
R RIEEHERE wo bl FEREH b A 2, e A
g BfEEA h,ob Ude] ﬁgem e Fz B .
~~
2¢¢ ¢ 4 ek ER
oo tube & T HEEE/ FHE=z T
hioo) FHES MEm ERST gEel EkaAX T 7 7
sron} shell side o] el BimBle] WHHE L / '
S MEHHOZ 275 3x baffle window —%E °-°;
oA ohA] BES Ffiez sE¥on s HES ":§ ¢ F-
>
baffle t7f4 2 JFE2S} baffle BARKA Akl 29 EE;.’ ‘;
short circuit B leakage HHES BHEEE =& ?P' 2 /
Reynold No. #5Eo] oi=hgtul 7] o Fol #e) g -
woo 2 2 * 7 fovoco 34 o000 2 > s

gas O’J /\201/'] shell side ]I ol "‘}'-6}’ ula‘hﬂ“g%

I ERo ERL

(72)

Mass velocity, 1b’hr. ft?
T2 8 Tube Side Return Pressure Loss
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DU

HkH HE SE 10022 4P, & F HIE

(o) EREEIES

APr=A4P,+ 4P, psi

u, JF{EIChell side)] BEHE%

Sheil side o] AP = h, Al 2ol A ilighutel o] B
oMo T EAKRET BT o2 HEAKA, et A
g ZE7L Qi AZEEd #EE Kern Process
Heat Transfer o #4r® HE* 9L MxBLEd 8
BF 9* 10 BRAN &EHEA @A o

f¢ > ng X Ds(nb+1)
2RERpX DX gy
fsxGEx Dy(mp+1)

5. 22 X100 D, xS x g, P
o] ¢ Nomenclature = B#E 95 =3} ulstd

ARERS B3 IS B v,

GAS 43282 REHGIE

VEEA F 1o FAad BRd s BEEY REn

T2 FREAAES AR EESY mAT &Gt
D 3] HEEHE tdEE g
1, BXITRERES

b, ERGEEFANA 2 A4 (Nitrogen) 15,100
Ib/hr. 7} 3 8o 2 EEfESo] 400 psig, 333°F & nhif
Heod ol F thf IfE §3ked 90°F 21 wmifpas g
=

v GEKE] BEEHAR BEE 83°F 2 &

ok SFAENHEKS &% gasfilo] 2psi, HEIK{C]
10psi ¢V 2 g,

2l BHIRHi(Fouling Resistance)-g- gas fije] 0.001
Bz o] 0.003Che) () (CF)/BTU & HExRatc)

2. E X EFH I (Mechanical Specifications)

WwEERe] FEAET#Ed HRI@Rbel4] ASME

sk
4
30
T

4P,=

Code'* 10 g1 TEMA™ 12 Standards & 3322 ke 2+

A BT RBR DA BRI E(HRI-Spec M-2-102)

BEl e RS BRETEIMIE A& HRI-Spec M-2-

on 3.44, 7.43, 7.44, and Appendix fig 29,

\elraw Hill(1930)

(*10) Pern 2 239 cut baifle o] [Haled BEFEE #HAstl e
1L Wolverine Tube Cooll A #Rd AiF#FHc EHEH
b A

(*11) section VIl of ASME Boilan Construction Code for
Unfired Pressure Vessels, 1952 Ed.

(*12) TEMA Standards, 3rd Ed(1952) for Class “R” Heat
Exchangers

(74)

10201 FAE =5 FEtEle) 9l2& W wele £

7}, B5% ¢ Shell & Tube Floating Head Type Split
Ring, Removable Tube Bundle

v, AAE shell side, AHEKE HRE 3hs] AHK
o WS 2FPS o 4oz Selok St

t} JA(shel)& 24" OD o]ul¢o]=] seamless carbon
steel pipe & AF&33 1/87 9] corrosion allowance &
F.

2}, FAEH : 3/47 OD, 16BWG, Inhibited Ad-
miralty, 16" o]

wh, FEFIS 15/167 IE=FAJF Apitch 2 e},

vl Tube sheet 2] #E-& NRB(Naval Rolled Brass)
2 Sha HAEnAS MBS RFEMoE o

R

D BUXEHE

RS (shel) ) Hen g 4T,

Nz gas 8] Figik# C=0.256 BTU/(Ib)(°F) @ 21
2.5°F

WEVETH
Q=15,100 x 0. 236 % (335—90) =946, 000 BTU/hr

Gas o} HHRREZL 90°F ol=2 WBHiKS [BoEE
E olxt EAE BFKEL oA et L
MTD #IEFREL Fr 7} STAME 0.75 o3tz Hojd 2
ol E 5 90°F = FEdcl,

FrEAHIKE w

946. 00 .
w—m—189, 000 1b/hr. =378 GPM

Heat Balance:
Q=WC(T,— To)=wc(iz—11)
= (15, 100)(0. 256)(355—90)
= (189, 000)(1. 0)(90—83) =946, 000 Btu/hr.
(2) FOHF¥REEMTD)

Z2 N; gas

2
335°F(T) —————— 90°F(T)
QOOF(ZQ)V L 8501:([1)_
245°F (d¢t2) 5°F(dty)
A g4
LMTD= Ato— Aty ~ 245—3 —61.7°F

Aty 2. 3log245/5
. 3log-4f2. g
2. 3log ;’J[l

1-2 Exchanger 3 248t iR F & k37 9
3ol (B 4 2/

T—Ty  335—90

—_ — —=AQ

R=—4= 90—85 19

_ lo—1 a90—83 _
S="T1= ~ 33385 002
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F=0.8([F £ D*
EMTD(=4t,)=F,x LMTD=0.8x61.7=49. 3°F
(3) ffg2 FHEE X FHYMERIE
HATTHRESA forstt,
nitrogen: T,=(335+90)/2=212.5°F
cooling water: ¢,=(90+80)/2=87.3°F

() i B fie i nitrogen W 7§
28.0°  18.0
() 2125 7.5
7 (psia) 447 59.7
Btu/(Ib) CF) 0.236(C)  1.0(C)
e lb/it 161y, 625
S 0. 0258! 1.0
¢ Ib/(Et) (hr) 0.0503  2.06
£ Btu/(ho) (BEDCEF/ft) 0.018 0.3
Prandt]l No. Cen/h) 0.710 \ 5.83

(5) MEEHAERS HEHA

K2 R [ gas-to-liquid(F ZFR) type & comme-
rcial exchanger o] 5 Ud 9] #H¢7F 10~30 4L ks
AT ETY e RAES BAstd Ud & AA s A
ol RS AFEE iEel Eof 2+ Aol o
META R Bk trial AL FAerA] &)
2 S REEEFECE BRI trial € shsichz
30 Buu/(ho ()P R st A4ke A
oy 2 A3GE 1 A=)

trial O O

Assume Ud" =30 Btuw/Cho)(f2)CCF)

o Q 946, 000

MERRER A= Ty g, ~ 30x49.3
=640{?

Fi(tube sheet)ol] 123 HihEHmE] BLkes #
[Bated 0.2%F Bmdko,

A=1.02 % 640=653[t2

(6) FEAREETL I HEEANA

ol® FAL A

3/4”70D tubex16” 2
ong
FTBEATE Nt= 000 008 tubes
HESLE (16)(0.1963) ”
(* Condenser tube data ol 4] 3/4” OD tube 9] Eif
B =0.1963fcZ/ft &)

BEIRY FEE 2 FPS N CHE 3~8 FPS =)

22 TASHenE AL Z(F, A4 2 pass

* Lﬁf":‘f A1 0.8 % IEFESHA ¢17] of sl e} amiar wre} o)
RGBT R 17} [Al—%w = [ e SHAF 0. o]y,

13 Iwrn Process Heat Transfer; p 841(1950 McGraw Hill)

(*14) Unfired Pressure Vessel Code (Section VIII), UG27(1952)

aETE, M4H H 1S5 19661 43

- Hugo|e] €A

Tube layout(AEFI) & 15/16” Lpitch 2 Falgo=
2 tube count table™ ®& F=3hed 17-1/4” 1D shell
ol 2 pass & 22448 3/4” OD tube & 15/16” -~
pih 2 B + d&S & 5 slth

ASME code™ We {8t Ftil BEH o @A 9
wall thickness 7} 012 corrosion allowance 1/8” &
@ote] 0.57 o FES: FokEmw HERSE ] i
SAUR 187 sch. No. XS & A=igle] 177 1D shell of
gk ﬁ@ﬁﬁﬁ@ﬁ"ﬂ 3t tube HEFIE Bl 20
£ H7 T F dgs ok
l%%%&ﬁﬁx A=220x16%0.1963=
FHET =690 % 0. 98=6762
Ud'(corrected):*('é%

=28.4 Btuw/(he)({D)(°F)

Daflle i E'7-& SBH 15~45% % A& £ HH(Seg-
mental baffle) 2. 24] baffle space(zt= baffle pitch) B,
E B3F shell ID=Bp>0.2 shell ID ¥ ]2 = 7o)
practice 2 o] 9l &=u AfFiEHE] A = 15 baffles @12
space 35% cut window & try 3,

(D) REKETer AHEYH S FHEFR

Hiel Al REAFTE G0F -

0 tubes &

690f2

shell side tube side
shell 7D, D/=17", ! tubes, 3/470ODx16BWG
1) = 1. 42ft : x 16’LONG
baffle space, Bp=:12" No. of tubes; N,=220
baffle cut, 35% seg. pass No: n—2

No. of baffles, ;=15 | pitch: P,=15/16"A

91 kel stetel, RBEESLH, BEEMGH
BER% 55 A Gating)stel BUREEMGS ikt
Line

(7P SEEEEGRES HE

(a) Tube side(45#1/k) Heat transfer coefficient, /;,
3/470D x16BWG Tube & 3 & EHEH

a’,=(.302 in?/tube

290%0. 302

=(. 25{t2/pass
E

Cigks 2% 144

PR, Gy=w/a,= (189, 000)/(0. 23)=822, 506
Ib/(hr)(fe2)

i V=G,/(3600) ()= (822, 500)/(3600) (62. 3)

=3.66 FPS
Ji 50]4  1,=87.5°F, V=3 96FPSal
hi=895 Btu/Che)(fD)(°F)
3/4"0ODx16BWG o] #EiltFolnz 59 HMIFEiE=
100t o & ASEEmMES HiES ALAF A2
FAlsle

(75)



RO BEH

]Z:'o=hi X f!i/Aa:h,' X Di'/Da’:895 x (O 62)/0.75
hi,=739 Btu/(hr)(ft2)(°F)

HfdFE & A

7}, Sieder & Tate equationt™ ®

; hiD; DG, cu \0-33( 4 014
! & =0 027( ) ( % ) (/zw)

0. 353 0.0517 x 822500 \0-8
hi= (0. 027)( 0.0517 )( 5706 )

(5.83)03x (1.0)
=940 Btu/(hn)()(°F)

k3

B4 B (dimeasional equation)™* ¥
b AT

| h;=150(140.0112,) (DHo
(3.66)0-8
(0 6’)0 .2

=150(1+0, 011 X 87. 5
—908Btu/(hr) (FD)°F)
B 59 A0l REES EE
(b) FAf(shell side)2] heat transfer coefficient, 4,
(7b) Kern’s method—% 6 ** ¢l A&

Fdsie,

i

"¢’ % B
shell side flow area asz-’%ﬁﬁp—‘
C17TX3/16%X12 oo
=" qaax15/16 ~0- 283t
* ABIEY A $(8/470D tubes on 15/16"" Apitch)
Ds XBﬂ =)

8} o] P=1.25D, Qd A% a=—"r55 & 24
=t Bn

a= 1)37;03, = ]‘1’;1“ —0. 283ft2
BHEEE G,=W/a,=(15100)/(0. 283) =53, 400
Ib/(hr)(£i2)

Reynolds No., Res:
B 614 3/4”7 OD tube, 13/16"" Apitch o] o} 3}
o Bl ME /MR (Equivalent Diameter)
d,=0.55" .". D.=(0.55)/(12)=0. 0438ft
Res= DeG,/,u =(0. 0458)(53400) /(0. 0503) = 48600
EZz 6 ol A Res=48600 of ¥ SEXTLHEE jn=110
Gu=Ch,D B (cu/k)-13(u/ 1, )0 o]l B 2
ho= (G (k/ D) et/ RYV3( 1t/ 11,,)0 14
=(110)(0. 0182)/(0. 0458)(0. 7T1)13(1. 0)
=38. 6Btu/(hr)({t2)(°F)

e KT HE
7}, Colburn type equation* %

(@(CY(Gmax) [ cv \273
b=y ()

D,=tube O. D., ft=0.75/12=0. 0625 {t
Gomax=G=53, 400 1b/(hr)(ft2)

(76D

a=ERTHEH=0.198 & T,
he (0. 198)(0. 256)(53, 400) €0.71) 2
(0. 0625 X 53, 400/0- 0303)0-%
=39.0 Btu/ho){)(°F)

1}, Nusselt type equation®™ ©

) (P )

» 0.0182 \ /0. 0625 X 53400 )0-6
=0 198)( 0.0625 )( 0. 0503
0. 71)1E

=40. 2Bt/ Chr){2)(°F)

FAOUH R a & staggered($8F1) pitch 24 :
| baffle leakage & #Esle] 0.198 & it |
t}, Donohuo equation™ P

h=0. _O( Dk )(%@L)OG(%)O%( ‘:r )0.14

w0

X i
S.=a, :_1%)611_40 283ft2 ;

Sp=0. 300{t> (baffle MM 5e] ERAH V)
Borel Zeldl BHES RIS o BHES)

S,= VS 5p= /(0. 283)(0. 30)=0. 292 {12
G,=W/S5,=15100/0. 292=51700 1b/(hr)(ft2)

0. 0182 )( 0. 0625 X 51700 )0-5
0. 0625 0. 0503

(0. 71)033(1. )

h,=0. 20(

=40.0 Bru/(hr)(ft2)(°F)

2}, i5E#(dimensionale quation)®* ®

ho=0. 1)~ Cpesli

0.6
= (0.11)(0. 256)%2%?)—03'

|
=38.4 Btu/(hD)(f2)CF) '

Leakege & HMeHA dskon g o] & #Efsio
ho(corrected) =58. 4 0. 6=35. 0 Btu/(hr)(ft)(°F) |

1) FREESGRE U, 9 3HE
clean overal heat transfer U,
U~ 1 o h;axho
€ 1/hi v R—1/h, hio+h,
(5t tube wall resistance R, & FA]3)
739x38.6

U,=— =39 58,6 — J6-6 Btu/(hr)((iDCF)
Fo4 A BRI R,
shell side R,,=0.001
. . 0.7
tube side Ry;==0.003, Rgi,= 0. 6’)_0 00363

total fouling resistance Ry
=0. 00463(hr) (ft2)(°F)/Btu
AHEEGAE Use

J.KIChE, Vol. 4, No. 1, April, 1966
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I S —— .

1/U.+Ry (1/36.6) +0. 00463

=31. 3Btu/he) (D) (CF)
AL K FHEAA BES U/ =28.4 Btu /\hr\(rtz)@F)
M =(81.3—28.4)/28.4=11. 99

(b EEJR%S] FE&E

(a) HEIKMI(tube side)

R..=D;G,/v=(0.0517) > (822, 500)/(2. 06) =20, 700
B3 704 f=0.00022ft%/in2 @ R.,=20, 700

tuhe flow drop,

. SGELn
dP,= 5.22x100x D;
(L=length of tube, ft, #=number of pass)

(0. 00022)(822500)%(16)(2)
,Z(SV 22)(1019)(0. 0517)

B3 8 of A %é—'=0. 088 @ G,=822500
return pressure drop 4P, :<_%1_) (—Ki)
: , o
=( 4x2 )(0 088) =0. 71psi

total tube side pressure drop
3Pp=dP,+4P,=1.77psi+0. T1psi=2. 48psi
NI 10 psi o] &o] o},
(h) gas side(shell)

P [iXG2X Dy +1)
4pP.= 5. 22X1010XI) KSA()

B3 9014 fi=0.0016{t3/in? @ R,,=48600
G, = A B B =53, 4001b/ (ho) (f12)
D =shell(J®)9] A&, 17/12f¢
=B MM EER =0. 0458 {t
n,=bhaffle 78] B=15
S=gas 9] ¥]F=0.0238

23

o= () gl e wEE-1.0

o 0. 0016)(53. 400)2(17/12)(15+1)

(3. 221010 0. 0458){0. 0253) (1. 0)
SETEFAHE 2 psi]gEo] o,

(2) ol el Hetel B R H7E Eefday
2.2 32 FLEHEME assumption 2.2 FHEZES A,

psi

=1.77 psi

psi

Fi#EE q771A 2~3 a9 tial & HeA EE
o K HENAE HEE Us e AL AT Ugel v
el 15 129 excess 3l % BEJPAKE FFAMEA F
o EAA e BET fil e e '
TS sholl § 187 OD BE .54 167 OD
By shell & (ATA WIS BT WEEA

w©e EEg b MFE?} BT 2 Aol Bl BE
ol oz FEHEEE 187 OD #% shell size = FEESH
I FPEE 220 tube & BRfAVE domE shell e

2tet3El, x4 H1Z 1966'd 47

Smetvlel M

gas (HA 9] space & #[E3te R LiaalA 9
9] tube BEF]S HUEeA EEE tube KEE 211712
FETE MEEA T 2 HERS AN BEEEY #elo U,
=1 Tl%LF%"E%rJ_ tube B #Eo = HT MMl EHESL
& WIEFE S 2 1o Rordetel 22 RAEY B
BETIBIHES EREIEE Aol

PR E S slide rule(HEMI #257)& A}&3lglom
2 ETY AdAr) gls Aolnz FRE olF
et 7 shetc

EHo A2 tubenh g SR #ANIT Hid
RS BEMEZA Shell & Tube Type BZziag: 2
FFRUES 3t % 453 shell fll9) BEGRE FE
ol A = BfEEL: . TEMA 574 o] 49 leakage &
3T 7 JdomE AP KeHEE EEst A
ARG h, 9y 60~80% BREER HWIESel £&2F A
o2 Az

] E

OB BEREERS) AT ES #kdl Z A trial
& errorof] KT HEY RES =HFoldtdoF Foz
e rkx] Fitel @EP RWF7F &F% REHAT %
A FEFE Ferb st AL 4 glod REY @R
E I~3ER 245 gl B RES g€ive -
QAW bz Fd BENYd REXRTE T & =%
| 2 Aolch FIEET HEEES EBEHERY 4
o el EAM BBEEEEA S AlFUKENA
7] tube sided] ¢liAE kb & G088, AP(G2xL)
of &% Mgtz shell side FHEANAE &, = GO5-08
ol 4P G2(mp+1)ol &% S E RES o
gom trial FHE %S =go] Ao :1
A ZAE EHREAR B mBRRERHES HE 2
B2 Bl iR e REGRE Keg BiE
T AT HH AR *1 EHE S BERE Tl
Ego] Fzlolg, ool gk HIIMA MITERS F
sted e B2 el At =il

Eo & fouling facior e ZalA HEErsL BB
of FRfiiEl of=IrbR] BUrHiRd FElA EEBER &
g data & F322 rating & AF E3H A gas-
to-ligid type ¥a5#aEEd) ol & fouling factor Btk
% shell side 9] A, FHEHEES FWE7F &Lk BTR
of ™ wWol i & FE Z 3 liquid-to-liquid type,

reboiler 5o glojs=

nm

=3

Fe‘éér#i K

=+ condenser, evaporator,

EEAHESE 2 rtE fouling factor o] BEmQ BE

o2 WI BitEE vlAE Bl o =24 g&
Al =)

o =
A sede Bas ea}z 4%,



———— RZEe KRt

A, Ai, Ac; Heat transfer surface area,

as, At

fo s

G, G,

Gmcx
Ge

Ge

&y hiy, Do

hio

Ju

LMTD

Np

N,

APt
A4Pr
A4Pr
4Ps
Pr

Ret, Res

Al27]|Z (Nomenclatures)

refered
to tube ID and tube OD, respectively, ft*

effective,

; Flow area, shell side across tube bundle and
tube side, respectively, ft?

=Flow area of single tube, in?/tube

=Baffle pitch or bafile spacing, in

=Specific heat, BTU/(Ib)(°F)

=Tube-to tube clearance, in

; Outside diameter of tube, ft, in

; Inside diameter of tube, ft, in

; Inside diameter of shell, ft, in

; Shell-side equivalent diameter
=(4x flow area/wetted perimeter), ft, in

; Temperature difference factor, dimensionless

; Dimensional friction factor, tube-side and
shell-side, respectively, {t¥/in?

; Mass velocity, tube-side and shell-side,
respectively, 1b/(hr)(it?)

Shell-side maximum mass velocity, Ib/Chr)(ft?)

ji

Weighted mass velocity=W/Se
=1/Ge’Go%, 1b/(Chr)(ft?)
Cross flow mass velocity, 1b/Chr)(ft?)

I

|

= Mass velocity through baffle opening based
upon the area of the opening less the area of
the tubes passing thru it, 1b/(Chr)(ft?)

; Beat transfer coefficient in general, for inside
tube fluid, and for outside tube fluid,
respectively, BTU/(hr)(ft2)(°F.)

= Corrected 7 when refered to the tube outside
diameter =hi x (’i/D’0), Btu/(hr)(ft2)(°F)
= Heat transfer factor(see Table 6),
Dimensionless
.. Btu
Thermal conductivity, DG )
Tube length, ft

Log mean temperature difference, °F.

il

i

Number of tube pass

il

Number of baffle plate
Total number of tubes

Tube pitch, in

il

Pressure drop in tubes, psi

Il

= Return pressure drop in tube side, psi

= Total Pressure drop in tube side=APt+ APr, psi
= Shell side pressure drop, psi

= Prandtl number=cx/k, dimensionless

= Total heat transfered, Btu/Chr)({t?)(°F)

= Reynold number, for tube side and shell side,

respectively, dimensjonless
Ry, Rai, Ry, ; Fouling resistance, in total, for inside and

for outside tube, respectively, (hr)(ft2)(°F),Etu

Rais = Inside fluid fouling resistance refered to outside
diameter of the tube=Ry;x (Do”/Di"}, (kr)
(ft2)(°F)/Btu

Rw = Tube metal wall resistance, (hr)({t){°F)- Btu

S = Specific gravity refered to water

T, T» ; Hot fluid(gas) inlet and outlet temperature,
respectively, °F.

t, I ; Cold fluid(cooling water) inlet and outlet tem-
perature, respectively, °F.

Ta = Hot fluid (gas) average temperzture, °F.

ta = Cold fluid (cooling water) average tcinpera-
ture, °F

dtm = True temperature difference in Q=Ud 4 A
tm, °F

Ud, U’d, Ue; Overall coefficient of heat transfer, design

coefficient, assumed design coeficient and

Beu Chr)(ft?)

clean coeflicient respectively,

CF)

1% = Fluid linear velocity, FPS(ft, sec)

w = Weight flow of hot fluid (gas), Ib/hr

w = Weight flow of cold fluid (cooling water),
Ib/hr

0 = Density of fluid 1b/ft?

7 = Viscosity at average fluid temperature=—centj-
poises x2.42=1b/(ft))hr)

o = Viscosity at tube wall temperature =centipoises
x2.42=1b/(ft)(hr)

s Gr ; The viscosity gradient factor, shell sidz and

tube side, respectively, (u/,) 0-14
2 o2 8
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