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An Estimation on the Heat Transfer Performance
of a Full-scale Shell-and-tube Heat Exchanger
according to the Change of Mass Flowrate

AZAT - M

Jang-Kweon Kim*¥ and Seok-Hyung Oh**

(Received 07 August 2022, Revision received 18 August 2022, Accepted 18 August 2022)

Abstract :

In this paper, a realizable k- ¢ turbulence model was used to analyze the mutual heat transfer

of a full-scale three-dimensional shell and tube heat exchanger (STHEX) with a heat exchange length of

2,000 mm when the mass flowrate flowing to the shell and the tube is changed into five types. The

amount of heat lost from the shell and the amount of heat gained from the tube are almost identical

when the mass flowrate of the shell and the tube increases, respectively, and are distributed non-linearly.

In addition, the overall heat transfer coefficient increases non-linearly as the mass flowrate of the shell and

the tube increases; it shows a value of about 420~670 W/m*C at a given mass flowrate. On the other

hand, it is judged that various approximation equations such as heat transfer amount can be important data

that provide a lot of information in response to changes in the mass flowrate of the shell and the tube.
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exchanger (STHEX), Realizable k-¢ turbulence model, Steady-state
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Fig. 1 Shell and tube flow paths of STHEX
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Table 1 Specification of STHEX

Terms Shell (m,) | Tube (m,)

Water condition Hot Cold
8,000 5,000

13,000 10,000

Mass flowrate (kg/h) 18,000 15,000
23,000 20,000

28,000 25,000

Inlet temperature (C) 50(1y) 15 (t,)

2 2 Yepd Tt o744 A
& HH%J"’/}P’] FM+= 5mme]™, STHEX®] A&
25 2HIQl 2] 27 (stainless steel, STS-304TP)o|t}.
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Mixing water
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Rodig-o10)
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Fig. 2 Schematic diagram and geometry arrangement of STHEX
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(a) Full-scale view
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(b) Cross-sectional view

Fig. 3 Unstructured mesh configuration of STHEX
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Table 2 Wall boundary conditions of STHEX

Conditions
Terms
Shear stress | Heat transfer
Shell
Cooling water tank .
. Free-slip
Mixing water tank L
adiabatic
Flange
Water jacket
Separated plate .
No-slip
Baffle No thermal
Tube bundle resistance

Table 3 Material properties of STHEX (207TC)

Terms Water S(tg}}‘négsg 4,?;;’ 1
p (kg/m?®) 998.2 7,930
C, (J/kg-C) 4183 502
k, (W/m-C) 0.5991 163
w (kg/m-s) 1.016x107 -
B8(1/C) 2.07x10™ -
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Fig. 4 Heat transfer rate versus mass flowrate
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Fig. 5 Overall heat transfer coefficient versus mass
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flowrate



WYRY Hsll G2 4837 YSCHBA YuE

= CRILNG]
af drhtE 52+ W ZFAZe] o AX
22 d=0ZHE

o7t 15,000 kgh o] FollAE A AEFfo] F
7Vekel wel FEo] FUgith oY AN U
3 deHETe=ate] oA AHojd 7+ A
FolA B J-EF 25 o= <l Astd
A2 A% oA A= oS AFRF
°] 10 000kg/h1-1£} AE&FE 2 AFFFd vl

|

Az M AFRFo FUTFE o5 2F
Azbol § Weld BrhiZoERy d: 9%
ZO|EEE dZoA

_,_7]- o:]x«] o] /\]-]:H -lg

7ol FobE 9%14.

3.4 HEA+ 2X
Fig. 7 STHEX®] dZo] 132, #opdZo] 2
W22 o] FoA FEol EFSIEZE Fig. 69 U
TFHALEAE F8% 4 AhdS AFRF
°ﬂ g BAAFe] EX25 UE :LQOIE}.

=

g
2 E% RAASE A ﬂv}%—% Eai
F7 el wel BT FUhete] B2 7H o

2 AE BAT E=3 o] BAAFEL Fo
AZFgTol sl 0.66<F<1.09 HS HYE U
Wk @9, Fig. 8 FaA A A 192 D3 2
2 FAhdtel 3 FAOR AL BRAASF
& UEdTh o714 BEARAATE 0.83<F<0.969
HE x}x3ka ¢lo] Fig. 78 BAA S| B8]
e AgfFdae dudes o & #s o

FFAAE o 2 72+ Yl

E mln‘

=
-
=
=

By =2

AT} oA M Z T2 STHEXS A2 =
ol® <l T Az Yzt weks I
o o BAATE YT e 1 Fhol AuiA
olA] ¥ri= A& FAs ok It

Fig. 90 Askfare] wisfel wheh Qlojl A
&M AT GAYHE

[N}
[N}

Mass flowrate(tube) (kg/h)
[ Symbol Symbol

(heating) (cooling) 4
—=— 5000 —0O—
—e— 10000 —O—
—4a— 15000 —A—
—v— 20000 —v—
—— 25000 ——

T
N

=]
—
|

o

o
<9
T
!
o
<3

Correction factor, F(tube)
°
T
1
B 5 o b
©
Correction factor, F(shell)

o

~
—
1

o

~

0.6 0.6
5000 10000 15000 20000 25000 30000
Mass flowrate(shell) (kg/h)

(a) 2-dimensional view

c Inx)
z—a+b(lnx)+y+d(lnx)2 f(y + g(Inx)?

h i(lnx) +](lnx)2
y:y? y

a= -8.3249211 |e= -28178929 i= 3325572.1

b= 2.6486003 f= -383.60799 j=-19.490161

c= 2505.6185 [g= 0.0087218321

d= -0.25787538 | h= 1.0298671)(1013[

e
S ©
©

o

5
g
& 085 0.85
é 0.8 ’ X “Eigs‘ 0.8
£
£075 ' Ill ’I opsa ‘\\\\\\\\ \\\\\“‘, 0.75
5 iy 'l' ! ou.‘so w“ ) ‘\ e
& or -l ”'Illl//"'r:;"m%, T R
‘
0.65 '1'0': :po‘ w\‘“ 0.65
° 0
m. i\i@l‘“\
55 fo, D

0 0
(/rg//v Wwes®
(b) 3-dimensional view

Fig. 7 Correction factor versus mass flowrate
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calculated by formula
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Fig. 9 Pressure drop versus mass flowrate
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