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EFFECTS OF CHANNEL ASPECT RATIO ON FLOW AND HEAT TRANSFER CHARACTERISTICS

OF PRIMARY SURFACE HEAT EXCHANGER FOR ORC

MJ. Sung' and J. Ahn

'Dept. of Mechanical Engineering, Graduate School, Kookmin Univ.
2School of Mechanical Systems Engineering, Kookmin Univ.

A series of numerical simulation has been carried out to study thermo-hydraulic characteristics of a primary
surface type heat exchanger, which is designed for the evaporator and condenser of a geothermal ORC. Working
fluid is geothermal water at hot side and R-245fa, which is a refrigerant designed for ORC, at cold side. Aspect
ratio of the channel and Reynolds number are considered as design parameters. Nusselt number is presented for the
Reynolds number ranging from 50 to 150 and compared to existing correlations. The result shows that higher aspect
ratio channel gives better heat transfer performance within the range of investigation.
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Fig. 1 Geothermal ORC system;
(a) Schematic diagram; (b) Cycle in T-s diagram
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Fig. 2 Primary surface heat exchanger;
(a) Photograph; (b) Cross-section in flow direction;
(c) Geometric parameters
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Symmetry

Pressure outlet

Periodic Velocity inlet

Fig. 3 Computational domain and boundary conditions
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Table 1 Geometric Parameters

AR (2H/s) s (mm) H (mm)

5.686 1.02 5.8

7.582 0.765 5.8

8.123 0.714 5.8

9.477 0.612 5.8

11.373 0.51 5.8

Table 2 Properties of R-245fa

p Sy k 2

1373.7 1311.8 0.094165 0.00048211
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Fig. 4 Flow fields from CFD pathline (left) and streamwise
velocity (right); (a) AR=11.373, Re =50;
(b) AR =11.373; Re = 150; (c) AR =5.686, Re = 150
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Fig. 5 In streamwise cross-section (left) and in streamwise normal
plane (right); (a) AR =11.373, Re = 50; (b) AR = 11.373,
Re = 150; (c) AR =5.686, Re = 150
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Fig. 7 Friction factor;
(a) for 5.686 < AR < 11.373; (b) for 50 < Re <150
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Fig. 8 Nusselt number;
(a) for 5.686 < AR < 11.373; (b) for 50 < Re < 150

ot a8 AE FHNPE oSS R
Nusselt-=2] Wsl7} vizhsl e & 4= Sl ol A
H|7} ﬂo}*‘n—é Ao Frfslo] R Egh 55| Wk
SHAl Hof olejst AES Hol o= wekErt Fig. 8ol
AT gt éﬂrOﬂ tisto] RIS FEA =

£ Reynolds+¢} &3n]2] gz 333 v 2 1A
S Aglom, REk 0.9240]t.

Nu=3.73x10 ?Re!'™ +4.88 AR %2 ©)
(50 < Re < 150,5.686 < AR < 11.373)

2 Aol|Ai= Ad ORColl 43k7] ¢t

7ol diste] H3dd xS EEl A

S sl ot 22 dEs Atk

(1) & AFolA BESE Reynolds WA FEA A U
oA f-F wejddo] A ¢kSkal Poiseuille -5

ﬂll



40 / J. Comput. Fluids Eng.

M.J. Sung - J. Ahn

of 7k f58 % 25| AFHoY fF 2 4
A EAL X gEgE= 21015 B
Q) TALD dwd] yiellA nEEAS] Reynoldsell T
gk o)Al Al HE vlEl 8% = Mskslgly £
H] 9} Reynolds=5 X835t A4S A|QksISiTh
Q) GAGASTE A GES g2 ReynoldsFol| whel 7
= A5 YERZT Nusselth:-S ReynoldsT 2 %3
o] g UER A4 02 Aelsisith

-

£ 7

HodE dhouA7]Ed o] FoARle® gt
Azjo|n] 2| el AAEFILTHB3-2434).

References

[1] 2011, Baik, Y.-J., Kim, M, Chang, K-C, Lee, Y.-S. and
Ra, H.S., "Power Optimazation of Organic Rankine-cycle
System  with  Low-Temperature Heat Source  Using
HFC-134a," Trans. KSME B, Vol.35-1, pp.53-60.

[2] 2009, Baik, Y.-J., Kim, M., Chang, K-C, Yoon, HK., Lee,
Y-S. and Ra, HS., "Analysis of HFC-245fa Organic
Rankine Cycle for Geothermal Power Generation," Trans.
KSGEE, Vol.5-1, pp.1-6.

[3] 2007, Kim, J.-S. and Lee, C-K, "A Study of the Influence
of Condensing Water Temperature on Low Temperature
Geothermal Power Generation,” Trans. KSGEE, Vol.3-2,
pp.17-23.

[4] 2011, Park, C.., Hong, W-K and Kim, J-M,
"Thermodynamic Efficiencies of Organic Rankine Cycles
with a Feed Liquid Heater or Regenerator,” Trans. SAREK,
Vol.23-10, pp.662-669.

[5] 2012, Eom, H.S., Yoon, CS., Kim, Y.M, Shin, D.G. and
Kim, C.G. "Optimization Study on the Performance
Analysis of Organic Rankine Cycle for Characteristics of
Low Temperature Heat Sources," Trans. SAREK, Vol.24-1,
pp.51-60.

[6] 2008, Jeong, JH. Kim, LS, Ha M., Kim, KS. and
Cho, J.R., "Various Heat Exchangers Utilized in Gas-Turbine
for Performance Enhancement” Int. J. Air-Cond. Ref.,
Vol.16-1, pp.30-36.

[7] 2000, McDonald, C.F., "Low-cost Compact Primary Surface
Recuperator  Concept for Microturbines," Applied Thermal
Eng., Vol.20, pp.471-497.

[8] 2002, Utriainen, E. and Sunden, B., "A Numerical
Investigation of Primary Surface Rounded Cross Wavy
Ducts,” Heat Mass Transf., Vol.38, pp.537-542.

[9] 2004, Jang, I.H., Hwang, S.D. and Cho, H.H. "Effects of
Corrugation Angle on Local Heat/Mass Transfer in Wavy
Duct of Heat Exchanger,” Trans. KSME B, Vol.28-7,
pp.789-799.

[10] 2005, Jang, I.H., Hwang, S.D. and Cho, H.H., "Effects of
Aspect Ratio on Local Heat/Mass Transfer in Wavy Duct,”
Trans. SAREK, Vol.17-6, pp.569-580.

[11] 2005, Kays, W., Crawford, M. and Weigand, B., Convective
Heat and Mass Transfer 4" Ed., McGraw-Hill, pp.67-129.



