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Thermal Performance Analysis of a Shell-and-Tube Heat Exchanger

with Plate Fins of Various Shape

Young-Seok Sont - Jee-Young Shin*

Abstract : In this study, a highly efficient shell-and-tube heat exchanger with plate fins
is considered to improve thermal performance of the conventional shell-and-tube heat
exchanger. This type of shell-and-tube heat exchanger with plate fins of various shape
is simulated three-dimensionally using a commercial thermal-fluid analysis code,
CFX4.4. The effect of the shape of the plate fin on heat transfer characteristics is also
investigated by the simulation. Plate fins of four different shapes, plane, plane-slit,
wave, and wave-slit fins, are considered. The flow fields, pressure drop and heat
transfer characteristics in the heat exchanger are calculated. It is proved that the
shell-and-tube heat exchanger with plate fins is superior to the conventional
shell-and-tube heat exchanger without plate fins in terms of heat transfer. The shape of
the plate fin is important in the performance of a heat exchanger such as heat transfer
and pressure drop.

Key words : Thermal Performance(84%), Heat Exchanger(8x#7]), Plate Fin(%3 3),
3-D Simulation(3x¢ E2JA4H)
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Fig. 1 Schematic of a shell-and-tube heat
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Fig. 3 No fin

Fig. 4 Plane fin

Fig. 5 Plane-slit fin



Fig. 6 Wave fin

Fig. 7 Wave-slit fin
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Table 1 Summary of results for laminar flow cases
No fin Plfgne Plante—sli Wave [Wave-slit
in fin fin fin
Inlet temp.( 7y, ). K 353 353 353 353 353
Outlet temp.( T, ). K 346.6 346.5 346.2 346.2 345.9
Decrease of temp.( 47T, ), K 6.37 6.54 6.83 6.84 7.07
Ss?gél Inlet press.(Py; ). Pa 0.03 0.04 0.05 0.06 0.07
Qutlet press.(P,, ), Pa 0 0 0 0 0
Press. drop( 4P, ). Pa 0.03 0.04 0.05 0.06 0.07
Heat transfer rate(q, ). W | 4653.7 | 4780.0 | 4990.4 | 5002.3 | 5169.6
Inlet temp.(T.; ). K 293 293 293 293 293
Qutlet temp.(T., ). K 305.3 305.5 306.1 306.3 306.5
Increase of temp.(47. ), K| 1228 12.48 13.15 13.35 13.47
Ts;ls)ee Inlet press.(P.; ). Pa 0727 | 0719 | 0753 | 0.727 | 0.753
Qutlet press.(P., ). Pa 0 0 0 0 0
Press. drop(4P. ), Pa 0.727 0.719 0.753 0.727 0.753
Heat transfer rate(a. ). W | 45576 | 4631.5 | 4878.4 | 49525 | 4997.8
Log mean temp. diff.(47w ). K | 50.62 50.43 49 .95 49.84 49 66
Overall heat transfer coefficient
(U ). W/mkK 181.2 185.9 196.8 198.9 203.9
UIU o 1 | 1.026 | 1.086 | 1.098 | 1.125
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Table 2 Summary of results for turbulent flow cases
No fin Plane Plan.e—slit Wave Wavg—slit
fin fin fin fin
Inlet temp.( 7, ). K 353 353 353 353 353
Outlet temp.( T}, ). K 350.3 349.9 349.9 349.9 349.8
Decrease of temp.(47, ), K| 272 3.10 3.12 3.12 3.20
2?53 Inlet press.(P,; ). Pa 2.22 2.32 2.85 3.95 4.62
Outlet press.(P,, ), Pa 0 0 0 0 0
Press. drop(4P, ). Pa 2.22 2.32 2.85 3.95 4.62
Heat transfer rate(a, ). W | 19869.6 | 22667.7 | 22808.5 | 22828.8 | 23383.1
Inlet temp.( T.; ). K 293 293 293 293 293
Outlet temp.(T., ). K 298.3 298.9 299.1 299.1 299.3
Increase of temp.(4T. ). K| 527 5.92 6.14 6.09 6.32
Tsli?ee Inlet press.(P.; ). Pa 27.6 27.4 27.7 27.6 27.7
Outlet press.(P., ), Pa 0 0 0 0 0
Press. drop(4P, ), Pa 27.6 27.4 27.7 27.6 27.7
Heat transfer rate(q. ). W | 19547.9 | 21966.1 | 22776.3 | 22610.1 | 23433.4
Log mean temp. diff (47, ). K | 56.00 55.48 55.36 55.38 55.23
Overall heat transfer coefficient
(U ). W/mK 701.1 801.3 820.1 817.2 844.2
UlU o in 1 1.143 1.170 1.166 1.204
£ Table 1o JeERAAT 4y #1e A Ay, EE £ FF £@e=
B S 959 ATl Aok Lk RS A Ve FRSA B Ao M) o 9%
L VR0 AR ArL 3.5x10 Pl £ FHEALYAS FUHE BHolw, WHEW #y &
e R0z 7AAss) wielt 9 @ @2  HHIE Adx oF 6%9 FUHE eI A
Ao L5 AAZRAANAM FolR e AEs) FEREYE U 89 Af FF 9F T2 &
qom 7o LR AL S Ay A XyoR JdF AL AHER ¥ B
AolAe 7z B Apo] W 7+ P EFHuere] MEl o 10%9 FREALASF T Holn,
BALE TTLER oGt FHEAGAF BU-F ER DY A3 AL R S AT
g 737 A% dge & WEH 959 gy T Hdth
7 dgog ANEow, FFIAGALE B FEEF B 9 42 o] gz A9 v
ye 7jzez vwsgd, Al ¢k 13% F7hste AoR JEiton, HHE
FeEE # Ae 23 e By fo) g U WY WA vIEA /¥ wd B EFeE A
= y)Ze duds)e ERGAYGA L9 o} 7 oF 10%9 48 SHERE B 5 Utk B o
23k OF 3%9) o7} e ot} ol sz w  TAME WET wE Aol @y} FE
g3} 319) A=A waro] Halste] Fo] 4= w3l Ml 2dgsidon, J&3e Mg 9l
o) date 34 ZahT. viuk ZvhE w0 2 A T ALE GO RE ZwbEad 4¥Isis
o] o3& o)t} vl &3kA B sty ey FE-F mudA vt
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