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Abstract

Up to now, the shell and tube type heat exchanger are applied as a typical heat exchanger in
power plant and refinery system. It is very difficult to calculate the expected performance char-
acteristics of the shell and tube type heat exchanger, because there are many design parame-
ters to be considered according to internal structure and the shell side heat transfer mecha-
nism complicatedly related to the design parameters.

Design parameters to be considered in the design stage of the shell and tube type heat
exchanger are shell and tube side fluids, flow rate, inlet and outlet temperature, physical prop-
erties, type of heat exchanger, outer diameter, thickness, length of tube, tube arrangement,
tube pitch, permissive pressure loss on both sides, type of baffle plate, baffle plate cutting ratio,
clearance between baffle plate outer diameter and shell inner diameter, clearance between baf-
fle plate holes and tube outer diameter.

The basic purpose of this study is to deveiop a computer aided design program reflecting the

characteristics of parameters. Finally, overall heat transfer coefficient and pressure drop calcu-
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lated by the developed computer program were reviewed as per experimental data and in addi-
tion to that, relation between overall heat transfer coefficient and fouling resistances & film

coefficients of shell and tube sides was simulated.
I. M B2

Qpase dFAuA, TR, AR 59 AR 9 o] & Bt of 2}, B RF7F, 33
2 AETA, 3 2 QAR s, UL, A AALE A FHE BE FH
A uas 288 AA8AEA HFH R Jon A A9 AP FEE ARSI A

Gol o] el A} A, A} A, T A9} HA FEE] EunPo] 3] THEHAY 3
7tg o 24 B3] A (Sensible heat)e] $4Tto] BatdAH £x9 45 Ex 7] Arle 2B+
Zw 9 Zo|dE A4¥ 3 (Phase change)® Butete B 471 St

a7 e ) 9T ANY ARSI E GRADA G w1 FAo) dEAH FRE iF 0
3t}

ol 9} o] TFe A7) FAAME 7 717 B AL 2L FHEA AEH o2 AHEHAAR =
44 B AQ & @87 & 2-2(Shell & Tube Type) m&7|2tn & < ot

Zt- @ Q@) 1900d 271 5E BAAe| o) &F ZdA (Condenser)dt ¥l wa ntAA AHE-H
= Q@879 F47147](Feed Water Heater)2 AH4-517] A/ ch? o] ¥ 2 o]} & &= ¥ ofy
2} ojg] Bote] oA HA Aol theksiA AHEE T glon] AAS A YY) AR ATE AFHA
A g

E AN E Z -2 AR A5 9T e JAE FHHLE EHT F 018N T
AN QA TP ARALEd APAAR 9 v FAFoZN, TP A L8NS
20ala o] RS EYZ 8t AAA NN AALKNE J48 T 5 AT E e 79 £l Ath.

I. 7127=2f aA4dA

oA T 714 9] B F(Single phase flow) FL AL A4, A% FHE o] 85td AT F
A7 AR e SER T oo T E o] &8 %1 AGH Aol A T Fe) WS
2 zo] QAT S FAAIIA L s FEAA ol £ 453 Ut

AP E ARAE AAEL A 2 2 B2 fH2] FF, 4F, AETES I YA E
Ze7e W, Be] 97, T4 R Zo), Wi s L ulgN A, 2 L #50] sj2(pass)F, 4 R FF
s gctai & us e e, ALe L 1A, ol WA € B F, A F] FA Folrh. o] F AR
#2o Ao 28 §% d27eT ol 7 B4R, W B de, o] w1 B #el Aole 4A
oMol ZojA & ZHo|th g #e| FAE HRE & REY 5/ T FHANY 2 ol 2B HA

__96_



Shell & Tube Type @ I8 7]12] HAX FL A BR AT -3

Ae RolB2 | £71 gl gholth :

T BHE 87 AL F Ao A F, FolA 2 27 ¢ AL B WG AeistolA )
T2 7MY L FE SIS0 2 9B AP Ra & of 2o AFF W BEs) AF¥Hn
2 S} SF7) o

o] ool Zt52] 31818 AN E UA S 2 FY AN} T3/ HEE JhE 2o & L Y7 Alo)
ol o|d BAY & Fol oJE ste F4 WS 2 HAFE F UL Aotk 2} oA s TEzo)
AEH, 25 44 4 85 P49 Qo ouug 39 471 w3 ZEAY 2ASA S
EECH meEtA 259 4HEANL 8o dol RFEE A8 A3t Ro| Fo0, o] Yo B
53 edgEdA e 27 2 #5 3 2 A 9(Interva)E B3 T L 844 €}

T3 AL F B FE2AL o] AAAF B o] BA AL FA =] shte) WEE A
SHAl Ett. ol £AS = WrE FA AFHAR] 5 F, AU o weby AdAF Y FY&A A
4 FUEVE ¥E, 5 373, 93, 3 9 B30 hag, 72 g B § et & e we A
&, 34, A3 4 5 FoA 7184 AA BAZRE 2AHE 5YE5Q B549 552 APy A
Tl B FE2Uo2RE FHiwe] BFo] EPAF 2R LAWY W G2 HEYYANE
G 7 R 5] AT L ATT BolBE o] As) 2AHE HS5E ok WA IA HE,
SHEeE 373, 94, 245 4 #39] g2, Tene /e € 3 39 ANAZ Z4EA B
oje} 22 ZYEFE ot FolA e e ALY EAA] Hol sl 5 FP) Holol e B
Eolnt.

TeRA, fo 2R E FHNE SHAFEZA 873, WD 92, e e Ate, 432 B2 ygasg,
7 A7, BEde £ fAEAE & om0 SPHRFTo] AR AA Ao w50 73}
g 5 3le AA A 2" & FA st of jr}

. SMA0|E
FA9 SE71 FEHRA Y o] ZRE o] mZ(Reynolds)F & T8 4 1o, HFIASAS his o
& 240l me} Sieder & Tate] A F 2] 0Ql ol & o7 BE] 23 2= glu},
gols 2471210080 &L 279 4 &,

3
h, = 1.86(Re‘ Pr, %) 0 ¥ "

Yols 247121008 & G HY ALE,

h, = 0.027Re;" Pr* g, X @

-97-



4- WEERFRH RN H5H(1996. 2)

1 ; Window Flow

2 ; Cross Flow

Fig. 1 Model of Flow
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(a) Cross Flow Area
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(b} Window Flow Area

Fig. 2 Flow Area
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Fig. 3 Heat Transfer through the Circular Tubes
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Fig. 4 Fluid Flow of Double Tube Type Heat Exchanger
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@ The inlet nozzle loss(stream expansion)

Contraction loss at the entry into the first tube pass

Expansion, turnaround and contraction in the flooting head (if applicable) or turnaround only in
U - tube bundles
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The exit nozzle loss
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Fig. 5 Schematic Representation of Pressure Drop
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Table 1 L. O. Cooler Design Condition

A) Design Condition

T
Location

] Data inéut I

Calculation of phisical properties
for shell and tube side fluids

[Assumption of U=valug]

Cealculation of tube side convective
heat transfer coefficient (hi)

Cealculation of shell side convective
heat transfer coefficient (ho)

[ Calculation of new U-value]

Comparision
between assumed
ond calculated U-value

Uc=Ur
[Calculation of 2P for both sides]

No. Ttems Shell Side Tube Side
i 1 Fluid L.O.(SAE 30) S.w.
"2 Flow Rate(mh) 85 110
3 Inlet Temp.(° C) 51.3 32 .
4, Outlet Temp.(° C) 45 341 “—f
B) Faiwication Data
E I ‘ Tube Length i 2326 mm
2 Tube LD. ' 14 mm
3 | TubeOD. 16 mm
7 4 7 I No. of Baffle 7
75 1 No. of Pass o 4 . ]
6 . TubeArangement e
7 | Baffle Plate Cutting . 25%

|
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Table 2 Design Data Review between Actual Reference
Data and Results Simulated by Computer
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Results by Computer
Item .
Dong Hwa simulated
Number of baffle 7ea Tea
Tube inside dia. 14 mm 16 mm
Tube outside dia. 16 mm 17 mm
Tube pass 4 4
Tube number 558 ea 552 ea
Tube arrangement 60° 60°
Tube pitch 21 mm 22.8 mm
Tube bundle dia. 590 mm 584.3 mm
Shell inlet dia. 600 mm 597 mm
Tube side nozzle dia. 150 mm 150 mm
Shell side nozzle dia. 150 mm 150 mm
Tube side velocity 1.43 m/sec 1.11 mm
Shell side velocity 0.57 m/sec 0.53 m/sec
Tube side pressure drop 0.37 kg/cm? 0.12 kg/cm?
Shell side pressure drop 0.47 kg/cm? 0.30 kg/cm?
Tube length 2326 mm 2326 mm
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e . U-Value (Overall Heat Transfer Coefficient)
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Fig. 10 Overall Heat Transfer Coefficient Characteristic
Curve to Tube Side Film Coefficient

Rolx gloy ¢tAEES 83 & o
w3 F dxEe A2 Bl

Y EFEAGAS h ¥ Bo) & dFIEAE
A% hoo] Wt the I B F&o s Fig. 10,
Fig. 110 yetdch. 23 oA B upsh 2ol By
ol gAGAF] 7t el dAFEL vjaF
Z718 Hol3 gloH old @& #o AL ulA
3 Z2AE Bolx ot 2y £EFF AFEA
24 heo] Wzt thsiA e ol $ RzEA W
33 &S &+ A

T2 3P o]l &t AP uolete}t 2
2 A4 AT E Fig. 120, @A 7o} v w3t 2
78 Fig. 130) 212z} Vetdch. 0|8 21923
AN AT} AR LA AHrL F Sl A &
gk 718719 AXFe 2 Heidxm, 71&71e &
== AgAdae ALxAHR) veES ¢ F At
o)A Wzt fFUS/ RS VA I
ge wj$ undn 2 FEE APAHAL FAA

e

@ TN (NOs of Tube)

e . U-Vclue {Overall Heat Transfer Coelficient)

ho : Shell Side (LC Side) Convective Film Coetficient
X Romdom Number

7S 10007 T r =
— i i ] t ! \ —
=
t \ : i
= !
S e0f— — :
3 @ l
00 ‘ . T |
. .
> 500 T = i ‘\ ‘
o I I
500 4 { T fr—j—
® | ‘ t ‘ ‘I
400 : : :
.
0 2 “ :
00—t * '.
‘1 1 e s
100} 4 i
I

Sl

X (Xho)

Fig. 11 Overall Heat Transfer Coefficient Characteristic
Curve to Shell Side Film Coefficient
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