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Analysis of heat transfer area and pressure drop of a plate-type condenser based on

channel distance and number of channels
Jun-Seong Kim' - You-Taek Kim® - Do-Yeop Kim"
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Abstract: Recently, power generation technology using an organic Rankine cycle has attracted attention as an alternative method
of fossil fuels. Using a plate heat exchanger is effective at miniaturizing the organic Rankine cycle. The channel distance and
number of channels in the plate heat exchanger are variables that directly affect the heat transfer area and pressure drop.
Accurate prediction during the design step of the thermodynamic cycle is crucial because the pressure drop is a factor that re-
duces the efficiency of the cycle. In this study, suitable heat transfer and pressure drop models for a plate-type condenser of
an organic Rankine cycle were selected and an algorithm was developed to simultanecously calculate heat transfer and pressure
drop. The developed algorithm was verified based on the results of the reference literature. Verification results indicated that
the developed algorithm has sufficient reliability. Using the validated algorithm, a study was then conducted to improve the
pressure drop of an experimental plate-type condenser of Kim et al. Results revealed a pressure drop of less than 3% to the
inlet pressure of the condenser could be expected when the channel distance was 1.6mm or more and the number of channels
was 93 or more.
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Nomenclature H: enthalpy [J/kg]
h: heat transfer coefficient [W/m’-K]
k: thermal conductivity [W/m-K]

A: heat transfer area [m’]

b: channel distance [mm]

Bo: Boiling number L: plate length [m]

D, hydraulic diameter [m] m: mass flow rate [kg/s]
S+ friction factor N,,: number of channels
G: mass flux [kg/m®s] Nu: Nusselt number
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U: overall heat transfer coefficient [W/m?*-K]
AT, log mean temperature difference [K]
Subscripts
inlet

Q: heat transfer rate [W]
¢’ heat flux [W/m?]
Re: Reynolds number

T temperature [K]
X ,: mean vapor quality

P: pressure [kPa]

Pr: Prandtl number

t: plate thickness [mm]
vq: vapor quality

W: plate width [m]
0: chevron angle [rad]
w: viscosity [Pa-s]

p: density [kg/m’]

c: cooling water

eq: equivalent

g: gas

l: liquid

o: outlet

i

el
T
TH

70
=

sk

S

°ol-&

=

=

215 MATLAB R2016a [7]

=
=

100 150 200

Data number

50

hvA

—
—

a4

r: working fluid
sp: single-phase

t: total
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Figure 1: Pressure drop of the plate-type condenser in the

experiment of J. S. Kim et al. [4]

ol A Al

3

&
il

A=
L

¥

31t} T. W. Lim et

S

at7]ol At

S

sk o714, o

71® A
&

2~
nE

EERTACS

shol A2

S

Aol o]
o %

KA

Rr
ol
__w

J
o)
E
Bl

180
EX

L
o

3t
414

°©

Keles

S
=

HEZH0)

B

i

e

VA Bofo 2

L

R

&7]

3 A A438 A62(2019.7)

%t

Soh el ¢l A U o]

—(‘5_}



Ad = B el wE wY &

S AES AU Qo). DA L G sl
Bad FEA4(D)7 AFHEHGOS 47 A 1) ~ 4

D, =2b (1)

G= )

Figure 2: Geometry of the plate heat exchanger
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Figure 3: T-s diagram of the plate-type condenser

Figure 4: Flow chart of the plate-type condenser analysis

(Single-Phase zone)
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Figure 5: Flow chart of the plate-type condenser analysis

(Two-Phase zone)
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Table 1: Results of analytical model validation

Heat transfer area Pressure drop
D. Hu et al. [6] 55.0 m? 6.8 kPa
This study 61.2 m’ 6.4 kPa
Error rate 11.28 % 5.78 %
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Table 2: Geometry of the plate-type condenser

Value
187
Titanium
60
0.6
0.6

Parameters

Number of plates

Material of plate

Chevron angle, 6 [deg.]
plate width, W [m]

Channel thickness, ¢ [mm]

Table 3: Analysis condition of the plate-type condenser

Value
315.22
230.0

Parameters

R245fa inlet temperature , 7, [K]

R245fa inlet pressure, P, [kPa]

R245fa mass flow rate, MT [keg/s] 5.655

71(‘l [K]

303.15
200

Cooling water outlet temperature,

Cooling water outlet pressure, P, [kPa]

Cooling water mass flow rate, ﬁlc [kg/s] 50.35
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Figure 8: Results of heat transfer area and pressure drop of

the plate-type condenser according to the channel distance

Figure 9: Results of heat transfer area and pressure drop of
the plate-type condenser according to the number of chan-
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