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A Numerical Study on Plate-Type Heat Exchanger Using One-Dimensional Flow
Network Model and Porous-Media Model
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Abstract A typical heat exchanger, found in many industrial sites, is made up of a large number of unitary cells, which
causes difficulties when carrying out full-scale three-dimensional numerical simulations of the heat exchanger to analyze
the aero-thermal performance. In the present study, a three-dimensional numerical study using a porous media model was
carried out to evaluate the performance of the heat exchanger modelled in two different ways : full-scale and simplified.
The pressure drop in the air side and gas side along with the overall heat transfer rate were calculated using a porous
media model and the results were then compared to results obtained with a one-dimensional flow network model. The
comparison between the results for two different geometries obtained using a porous media model and a one-dimensional
flow network model shows good agreement between the simplified geometry and the one-dimensional flow network model.
The full-scale geometry shows reasonable differences caused by the geometry such as sudden expansion and contraction.
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Fig. 1 Typical configuration of cross-corrugated heat
exchanger using symmetric profile; (a) matrix
and (b) unitary cell.
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Fig. 2 1-D network topology for counter-flow
arrangement; (a) gas side and (b) air side.
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Fig. 3 Schematics of the 3D porous media model;
(a) simplified model, (b) full model and (c)
heat exchanger core with manifolds.
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Table 1 Key design conditions

Item Design condition
Gas inlet temperature 875 K
Air inlet temperature 595 K
Gas mass flow 1.3 kg/s
Air mass flow 1.22 kg/s
Gas inlet pressure 120 kPa
Air inlet pressure 900 kPa
Gas pressure loss 9.8 kPa
Air pressure loss 5.8 kPa
Overall effectiveness 0.7

Table 2 Validation result for the network calculation
Ap[Pa]

Re - ® - Difference[%]
Experiment Calculation
4,972 495.8 462.5 +6.7
7,085 883.4 821.8 +7.0
12,047 2272.0 2088.5 +8.1
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Fig. 4 Pressure drop along the heat exchanger (a)
air side simplified model, (b) air side full
model, (c) gas side simplified model, and
(d) gas side full model.
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Fig. 5 Pathline along the heat exchanger (a) air side
simplified model, (b) air side full model, (c)
gas side simplified model, and (d) gas side
full model.
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Fig. 6 Temperature distribution contour along the heat
exchanger (a) air side simplified model, (b)
air side full model, (c) gas side simplified
model, and (d) gas side full model.

2 el AA 2y 7rdsy 29}
2 wH o) gpolz} gly) e, %A wlay
N FH A ghe) dolsh Lx AR Hol A

Fhsshc @A) mde) 39 ghwsty md) v
sto] FAEAoel o A3 1w duskr] WE

(© SAREK



149 #% dEDD 29 2 G3gud 2ee ol Y Amale Fx4 A

Ap-air
2,000
1,500
3T
& 1,000
500 T—
0
1D network  Simplified model Full model
(a)
Ap-gas
8,000
6,000
-
)
& 4,000 T—
2,000 T—
0
ID network  Simplified model Full model
Heat transfer rate
25
20
15
g
<
Stro4—
54
0

1D network  Simplified model  Full model
()

Fig. 7 Comparison of performance between 1D
network, CFD-simplified and CFD-full
model of the heat exchanger : (a) pressure
drop in air-side, (b) pressure drop in
gas-side, and (c) heat transfer rate.
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