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Determination of a Heat Exchange Length Suitable for the
Required Heat Transfer Performance of a Full-scale
Shell-and-tube Heat Exchanger
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Abstract : In this paper, in order to determine the actual heat exchange length suitable for the required
heat transfer performance of STHEX by the trial and error method, a complete three-dimensional STHEX
model with four heat exchange lengths was subjected to heat transfer numerical analysis as a realizable k-
¢ turbulence model. The pressure drop at the tube bundle and the shell side shows a non-linearly
increasing or decreasing distribution when the heat exchange length of STHEX increases, respectively. Its
maximum value satisfies both the performance requirements as well. The outlet temperature of the shell
side and the tube bundle side decreases or increases as the heat exchange length increases, respectively.
Moreover, STHEX with a length of 1300mm is closest to the required performance. On the other hand,
the heat transfer amount of STHEX at the shell side and the tube bundle side increases non-linearly as
the heat exchange length increases. In addition, for a given STHEX heat exchange length, the overall heat
transfer coefficient is about 536-583 W/m* C.

Key Words : Approximation equation, Computational fluid mechanics (CFD), Full-scale Shell-and-tube Heat
Exchanger (STHEX), Realizable k-¢ turbulence model, Steady-state
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Fig. 1 Three-dimensional view and major name of STHEX
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Table 1 Wall boundary conditions of STHEX
Wall boundary conditions
Surface Item Shear Heat transfer types
stress A B C
Shell Free-slip 20C 20C Adiabatic
Cooling water tank | Free-slip 20C 20C Adiabatic
Mixing water tank | Free-slip 20C 20C Adiabatic
Flange Free-slip 20C 20C Adiabatic
Water jacket No-slip | No thermal resistance Adiabatic Adiabatic
Separated plate No-slip | No thermal resistance Adiabatic Adiabatic
Baffle No-slip | No thermal resistance | No thermal resistance | No thermal resistance
Tube bundle No-slip | No thermal resistance | No thermal resistance | No thermal resistance

SHA|AETEY X H26H M5, 2022 10€ 13



AE TV|E = HSCHHA gusy|9
H/Hnt—ﬂ‘:/] %jl_%} 7‘40]{__— 7_'1—7_}- 1,300mm,
1,690 mm, 2,000 mm, 4,000 mm®]t}.

Table 1S 25 STHEXY] s mdo)A 283

A3 FopdE Fe FAHES AARA AA Y
E£E5& UE Folth o/ FXFAelA ZF EH
o] Ah-gd LS STHEXS 9F TS o
Fe= d, d4eRg, Eua 9 9 9y
= E5F Freeslipo. 2, T8|1 4, YZ84d, &
griia 9 WA WYE 2 vHA 89
& 25 H2no-slip) AL Z L3 = o]
9} g AFSH FHEL ZE FHHRIA
Z2A Agstdoen, gx ddd THU VA=Z
HEAZAT 7] AH 2E M rd oZmEe o
A AAZAL AFH B A5 20C 422
2 A3AAT, cE A9E dEE AstHch
E Ay grpdHe] {FEE FASe UWE HE
REE9 AW 442 AL 4 Aol ¢l
Ay dd® st 53] STHEXS] AjZo] &
T zHQ g 2o R AZEY] wfEo] HAF
o2 Aol 7} BRHFHoZE uHIHAT, BIHY
CY= A A F83] nH Evlsiot.

T, FAM S 913 STHEXO| 32+ A=
HAEL BF g AXE

= A1l CATIA(VSRI8)Z
THE9lon, XE STHEX RYES &3k 3344
9 (full model)E BHETH

Table 2= Ew 3 Zolo] wal STHEXS] 34
2do] zt= vy y AR F QA (element) T2}
Z 1A (node)TE A7 UERA Holth oA

7}
Table 12] 371K EAE ZHES 3317 S8
(e}

ok

A SC/Tetra'e] AAe 7502 siMqrde] Z
T4 a5l AAZAL FAH F s Az
olth. W P BThEE o] WRFEY vt
Table 2 Mesh characteristics of STHEX
Heat exchange Total element Total node
length number number
1,300 mm 191,335,047 54,524,305
1,690 mm 182,459,808 53,960,900
2,000 mm 169,828,993 51,121,009
4,000 mm 265,912,564 86,655,435
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Table 3 Material properties of STHEX at 20C

Stainless steel
Terms Water (STS304TP)
o (ka/m?) 998.2 7,930
C,(Jkg *» C) 4,183 502
k, (W/m « C) 0.5991 163
w(kg/m s s) 1.016x10° -
B(1/C) 2.07x10™ _
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Fig. 3 Static pressure drop distribution versus heat

exchange length

Table 4 Required specifications of STHEX

Terms Shell side | Tube side
Water condition Hot Cold
Mass flowrate (kg/hr) 18,000 15,000
Operating pressure (kgf/ em?) 2 2
Inlet temperature (C) 50 (1Y) 15 ()
Outlet temperature (C) 40 (73) | 27.6(ty)
Design pressure (kgf/ em?) 5 5
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Table 5 Lost and over heat transfer rate of STHEX

Heat transfer rate (k1)
Heat exchange
length Tube (lost heat) /| Shell (over heat) /

percentage (%) percentage (%)
1,300 mm 11.2 / 5.17 51.0 / 23.31
1,690 mm 13.8 / 5.75 56.7 / 23.47
2,000 mm 152 / 5.96 60.5 / 23.69
4,000 mm 30 / 9.22 71.9 / 22.05
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