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Validation of Performance Requirements for Heat Transfer
of a Real Full-scale Shell-and-tube Heat Exchanger
through Numerical Analysis
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Abstract : In this paper, a full-scale three-dimensional shell-and-tube heat exchanger (STHEX) was
analyzed in the steady state with the standard k- e and realizable k- & turbulence model, respectively.
The pressure drop predicted by the standard k- & and the realizable k- & turbulence model has a large
deviation from each other, but the outlet temperature prediction shows a very small difference. The hot
water temperature at the shell outlet was 9.4°C cooler than the given target value of 40°C, and the
temperature of the cooling water at the tube outlet was 4.43°C higher than the target value of 27.6°C
indicating that the overall heat transfer area of STHEX was designed excessively. On the other hand,
predicting the excessive heat transfer area through numerical analysis of the large STHEX of the full
size is judged to have saved a significant amount of time and money in the trial and error design and

performance check of the heat exchanger.

Key Words : Computational fluid mechanics (CFD), Full-scale shell-and-tube heat exchanger (STHEX),
Realizable k-¢ turbulence model, Standard k-¢ turbulence model, Steady-state
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Fig. 1 Shell and tube flow paths of STHEX
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Fig. 2 Schematic diagram and geometry arrangement of STHEX

Table 1 Specification of STHEX

Terms Shell side Tube side
Fluid name Hot water | Cooling water
Mass flowrate | 18,000 kg/hr | 15,000 kg/hr
Operating pressure | 2 kg;/cm® 2 kg;/em?
Inlet temperature 50 T(7)) 15 C(t)
Outlet temperature’ | 40 C(75) 27.6 C(t,)
Design pressure 5 kgf/cm2 5 k:gf/cm2
*It is subject to confirmation by numerical
analysis.

5L 29 2(pass) S 7HAH, A=
122 wjEol| oJ3] FAWEFOR %
Ste A 1A l(zigzag) EHS Rt o7
WZe fE554HdLe o 20.13%E ZHEth Fig
2% STHEX® 33 mdd &4-& CADSIe 1
Yot} o714 STHEXS CADE=HL % Ui
d(symmetry)= 93l Arhd £ 6719 &l (rod)
£ wEZe 719 QoA =3 AR wE2

o
o

the]
7 2

,d
o

ofy ot

>

Section
Scale:

Scale: 1:7

cut B-B Section cut C-C
1:2 Scale: 1:2

o] EAlE 5mmolH, STHEXS] AEL n%F 2
2] 227} (stainless steel, STS304TP)©|t}. Table 12
o]® STHEX®] 34 854 4 % A=
8 EAXES] HA Amolth A7V T
ol FR|F|| Aol A ERIE Algo|tt.
H, #8147 Y3l AHE-SE STHEXS] 33
A MRS AFLATEOS CATIA(V5RIS)

TEon, A AAFE Fo|HA HTE
AAE o MEsEA 7] fal 718 &9 o
AL o] &3l WMETNS mdE ESTH

Fig. 3& STHEX®] 3449 4HiE ndg
ZEOIQ SC/TetraVe] AXE 7|5z
QAT AAzASL 43 O AA
AL 4 AE "Octree" 7] 52 o] 83l F
23715 °oF 234mmoAAFE HA AXIE
°F 18.75 mm7tA] A|&3lete] RHE HIAY AAE
ZAIE Aol A7IA ARe] F QA (element)
+ o 194- 1987 JolH, T WA (node) T 9F
45T A7 AR EHIAT AV A=

o
b

fr N

e

o
o

lil N
i and
L VR

v

SYA AT EOIX] H253 M6, 2021F 128 31



Tubeinlet  Shell outlet

ViewA-A View B-B

Shell inlet

View C-C View D-D

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

Terms Shell side |Tube side Index
m(kg/s) 25 1208333 | 1 _ (0150
7, (C) 50 - s s
t, (C) - 15 B CH“ o k2
k(m?/s) | 1.109x10°| 7.70x10% | 007D

e(m?/s%) | 8.0x10* |4.63x10*| €, =009
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Table 3 Material properties of STHEX 2822 FEE P HiHe| AF9 2FE
* Stainless steel Fig. 49| & Ao 2RE {50 (54T
Terms Water N
CISSUTP) | = wizse 42 AXNDA A2 e
p (kg/m?) 998.2 7930 Fohde AH st} A% 2T BEE wA
G (kg = C) | 4183 502 Yot 19 §28 G430 ol 2o A4S
Ry (W/m » ) | 05991 163 AYRFANE F23] 458 & Aok 5, 4 o
p (kg/m < s) 1.016x10° - AhSo E7UEe BT drige® MdAs
B(1/C) 2.07x10" - Aorn=E Zhzho] QT4 ¥ B =& o
*20°C standard g5 FHIALERE {50 YFA EFE &
EE RS Y F U0
3. A&tz & nE
Table 4 Actual predicted properties of STHEX
3.1 M@t al HE 2 Model Terms Shell side | Tube side
Fig. 4= #94 Realizable k- ¢ GHEAZ &) T, 1 t,(C) 30.56 32.024
A%k STHEX®S| y-zW FA4lolAe AHfiErxe} Standard Ap, (Pa) 848 998.8
HEEXE Uebd Idolth #EE fE= k-e | K (W/m* « C)| 103632 | 1574.13
e Atizez wmE £z A f=E QW) 322.28 281.37
U= 28] F(separated plate)oll HA ZE3 th-& T, / t,(C) 30.614 32.036
(oo} 3 =z = S 3 =] o)
;i%f _(Hjet tazki; SRAR ¥ B E}] Ei Realizable|  Ap, (Fa) 858.4 967.6
H A Z9] ZE) A(mixing tank)® EQ X
T (mixing tank)== £ ke K (W/m? . C)| 10341 | 15597
A #HZ stdRe] Aot =N HF ET
e J(outlet tank)E A & EF2 wAUr} QI 32269 | 28151
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Table 5 Another trial analysis results of STHEX

Model Terms Shell side | Tube side
T, 1 t,(C) 33.87 29.63
Standard Ap, (Pa) 874.73 714.33
k-e K (W/m? .« C)| 140153 | 1895.57
QW) 356.74 | 259.85
T, 1 t,(C) 34.03 29.43
Realizable| — Ap, (Fa) 887.84 670.98
k-e |/ (W/m* . C)| 13941 | 1853.74
QW) 35849 | 258.13
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