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Condensation Heat Transfer and Pressure Drop
Characteristics of Multi-stream Plate Fin Heat Exchanger
using R-134a

Sun Geun Lee

Department of Refrigeration and Air-Conditioning Engineering, The

Graduate School, Pukyong National University

Abstract

Recently, there has been a growing interest in environmental issues worldwide,
and as a result, high efficiency in the energy use has become important. The use of
energy in many industries involves the heat exchange of fluids, which essentially
use a heat exchanger. Among the heat exchangers, plate-fin heat exchangers have a
wide heat transfer area compared to the same volume of other heat exchangers, and
fin type can be selected according to the user's purpose, making them suitable for
high-efficiency heat exchangers, and so many studies have been conducted on the
heat transfer performance characteristics of fluids in PFHE. Especially,
condensation and evaporation heat transfer studies have been conducted for several
fin types with respect to the heat transfer performance characteristics of two-phase
flow. However, while research on multi-stream has been conducted on the sizing
and analysis of fin efficiency of heat exchangers, there is a lack of research on heat
transfer performance in the two-phase flow. In the case of multi-stream heat
transfer, the heat flux varies depending on the area of heat transfer, which can
cause a difference from the two-stream heat transfer with the same heat flux on all
sides. In this study, the 2-stream condensation heat transfer performance and multi-

Vi



stream condensation heat transfer performance of R-134a in PFHE were studied,
and based on this results, the condensation heat transfer performance changes when
the heat flux varies was analyzed. Condensation heat transfer performance was
analyzed using mean quality, mass flux, heat flux and saturation pressure as
independent variables, and the results are as follows.

The increase in mean quality increases the turbulence effect of the flow, and
increases the kinetic energy per unit volume of the fluid, which tends to increase
the condensation heat transfer coefficient and pressure drop.

The increase in mass flux also increases the turbulence effect of flow and the
velocity of refrigerant, and the condensation heat transfer coefficient and pressure
drop are confirmed to increase with the increase in mass flow rate.

The increase in heat flux means an increase in heat transfer performance per
heating area of the refrigerant and other fluids, and the increase in the proportion of
liquids increases the viscosity of the two-phase refrigerant, which also increases the
pressure drop.

In the case of saturated pressure, increased saturation pressure causes an increase
in the thickness of the liquid layer and a decrease in the bubble size, thereby
reducing the turbulent effect of the flow. Consequently, condensation heat transfer
coefficients and pressure drops tended to decrease with increasing saturation
pressure.

Based on the above experimental results, the performance characteristics of
Multi-Stream condensation heat transfer and 2-Stream condensation heat transfer
were compared. As a result, the multi-stream condensation heat transfer
performance under the same conditions with the same total heat flux is slightly
higher than the 2-Stream condensation heat transfer performance. This is due to the
change in flow patterns caused by the occurrence of heat flux on the surface of the

insulation condition during the 2-Stream condensation heat transfer experiment.

Vii



In conclusion, in this experiment, condensation heat transfer performance in
PFHE was analyzed according to mean quality, saturation pressure, mass flux and
heat flux, and the results were not much different from the general condensation
heat transfer performance experiment results. In the case of multi-stream heat
transfer, condensation heat transfer performance and pressure drop are slightly
higher than 2-stream condensation heat transfer due to differences of heat flux
conditions in 2-stream heat transfer. This experimental results is thought to be
available as basic design data for condensation heat transfer performance in PFHE

and multi-stream heat transfer.
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Nomenclatures

: Heat flux

: Heat capacity

: Mass flow rate

: Mass flux

: Temperature

: Temperature difference

: Specific heat at constant pressure
: Area

: Pressure

: Pressure difference

: Overall heat transfer coefficient
: Fin characteristic parameter
: Fin height

: Thickness

: Thermal conductivity

: Reynolds number

: Prandt] number

: Hydraulic diameter

: Nusselt number

: Quality

: Specific enthalpy

: Length

[W/m?]
[W]
[kg/s]
[kg/m’s]
[°C]
[°C]
[J/kg°C]
[m’]
[Pa]
[Pa]
[W/m? K]
[m']
[m]

[m]
[W/mK]
[-]

[-]

[m]

[-]

[-]
[kJ/kg]
[m]



Greek symbols

p  :Density [kg/m’]
v : Specific volume [m’/kg]
n : Efficiency [-]

a : Convection heat transfer coefficient [W/m? K]
U : Viscosity [Pa * s]

Subscript

w : Water

r : Refrigerant

i : Inlet

0 : Outlet

f : Fin

P : Primary

c : Cross sectional

F : Frictional

t : Total

LMTD : Logarithmic mean temperature difference

C : Cold side

h : Hot side

C : Cross sectional

IH : Inlet header
OH  : Outlet header

a : Acceleration
AB  : From Ato B side
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2.3.3 Multi—Stream gAY A9 dolg A=z

Multi—Stream &5ddg A3 A9 Half—fin Idealization
S Ag3ste] Fin 295 A3 td. Half—fin Idealization=
Fin®] 1/2 Holel sligst= a42e] ddus Fsto] dugsitt
= 7HgolH, 1.2 dellA A5t viel o] Finel As a4 <
S9S wel wwslel 1 eyl ZA goerm A o4}
#golet 8 4= ). Figure 69 Multi—Stream PFHEe|AH <
ojubs dxdd mdS vehfglon, o2HE o3 #AXNES #
=

Qap = 1.5a,(4, + n%Af)(TA — Tup) (40)
Qpc = 0.5a5(4, + n%Af)(TB — Tge) (41)
Qac = 0.5a,(4, + W%Af)(TA — Tac) (42)

o] W], Qupi= ASelA BSCE Ay dZolH, ;e Fin

Zoleol  1/2¢] st Hel it HgHoli, Half—fin
Idealizations #-&3}7] flato] 7k 38k Finel Awk Zojeo] ot
Aagolnt, FAorae g2 7o Hojof wet dEix = 2%
ol AT7F dAehA] &t} o] £ 2&9ke dHdE HA
sk AlF7F nol™, ol & Fsto] 2 2o ddgER &
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Hak & glrk olgh g Ad B 4 (4D ~ UL 32
AALAF Adow 22 F Ak FFAALASE =9

Qap = 1.5Uyp(4p + n%Af)ATLMTD,AB (43)
Qpc = 0.5Upc(4p + n%Af)ATLMTD,BC (44)
Qac = 0.5Uyc(4, + n%Af)ATLMTD,AC (45)
Usp =1/ G+ e+ ) (46)
Usc = 1/G+ ) (46)
Uy = 1/(aic+k;;u +i) (48)

Q4 = MyCpy(Tao — Tyi) = Qpa + Qca (49)
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(50)

Qp = MpChp(Tgo — Tpi) = Qup + Qcp

(51)

Qc = McCyc(Teo — Tei) = Qpc + Qac
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A|33 Multi—Stream PFHES] R—134a
SHEAE A3

31 % = @RARTAS B
Multi—Stream PFHES] R—-134a & 4d24d5S #4317 9
slod 2.3.148¢f g3t Wilson plot methodE
dAGAAA S ZET AHA =55 918 Figure 73 o]
= - R-134a @& gdgd AgS dFgsglon, Az
Table 9%} #t}, =3t Figure 82 Wit dxdd A3l Heat
balance validatione #2438 ZA¥olw, xHS 5% elA
Heat balance’} &S A3ttt Figure 9% Figure 10&
A& folE] S 7|HFCZ Wilson plot method?] A ¥l 2 (17) 3
(23)¢] A & Ade vehddg. O A3 = 5 Nud AHAe

gt ol K%

o N
¥
B,

Nu,, = 0.00137Re,, **?Pr,, /3 (52)
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Figure 3 Schematic diagram and flow pattern of multi-stream PFHE
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Figure 5 Diagram of pressure drop parameter
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Figure 7 Schematic diagram of 2-stream heat transfer experiment

Qgy34a(KW)

3.0 =
fﬂ%
25}
o
i i
20} ad 'Tb/
' g ) =
o
15 ff =
Py e
1.0 xf e
- -
0.5 f/f!
B g / o
s
n-n i 1 L i L
0.0 05 1.0 15 2.0 25
Qa0 lkW)

Figure 8 Heat balance validation of 2-stream experiment
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Figure 11 Variation of condensation HTC by mass flux
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Figure 12 Variation of frictional pressure drop by mass flux
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Figure 13 Variation of condensation HTC by heat flux
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Figure 14 Variation of frictional pressure drop by heat flux
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Figure 17 Validation of 2-stream condensation HTC correlation
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Figure 18 Schematic diagram of multi-stream heat transfer
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Figure 20 Difference of frictional pressure drop between multi-stream and 2-stream
heat transfer
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Table 1 Multi-stream PFHE specification

Multi-stream PFHE diagram

PFHE specification

<W>

PFHE Height : H = 66.18 mm

PFHE Length : L =244 mm

PFHE Width : W = 124 mm

Table 2 Specification of PFHE fin

Fin diagram

PFHE Effective Length : Leir = 80 mm

PFHE Effective Width : Wesr = 40 mm

Stacking Pattern : C-A-B-A-B-C
(A =R-134a, B & C = Water)

Fin specification

Fin type : Plain fin

qul

Fin height : Hr= 6.4 mm

Fin thickness : tr= 0.5 mm

N

Fin frequency : 19 fin/inch

<Wg

Flow path width : Wr= 0.84 mm
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Table 3 Specification of mass flow meter

Equipment

Specification

Mass flow meter — Endress Hauser Promass 40

Flow rate range : 0.6 ~ 6 kg/min

Analog output : 4 ~20mA

Table 4 Specification of water flow meter

Equipment

Specification

Corea flow turbine flow meter

Flow rate range : 2.84 ~ 28.4 LPM

Analog output : 4 ~ 20 mA

Table 5 Specification of T-type thermocouple

Equipment

Specification

ONDI T-type Thermocouple — TT-TE

Temperature range :-270 ~ 400 °C

Error range :+ 0.5°C
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Table 6 Specification of pressure transmitter

Equipment Specification

Differential pressure transmitter — DPS 20

Pressure range : 0 ~ 40 kPa

Accuracy : 0.25 %

Pressure transmitter — DP520D

Pressure range : 0 ~ 1600 kPa

Accuracy : 1 %

Table 7 Specification of power mete

Equipment Specification

Yokogawa wt 210

Accuracy : 0.1 %

Frequency range : DC, 0.5 ~ 100 Hz
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Table 8 Specification of data logger

Specification

Equipment

Yokogawa WT210

......

Measurement interval : 100 ms / 10ch
minimum

Table 9 Condition and range of single phase experiment

Parameter Experimental condition/range
Hot side fluid R-134a (Gas state)
Cold side fluid Water (Liquid state)
Heat transfer rate 0.7~2kW

Table 10 Experimental range of 2-stream condensation heat transfer

Parameter Experimental condition/range
Quality 0.2~0.9
Mass flux 70 ~ 130 kg/m’s
Heat flux 12 ~ 20 kW/m’
Saturation pressure 1.08 ~ 1.27 MPa

57



Table 11 Experimental condition/range of multi-stream condensation heat transfer

Parameter Experimental condition/range

Quality 0.1~0.9

A-B side : 20.7 kW/m?

Multi-stream heat flux
A-C side : 12.7 kW/m>

Total heat flux 20 kW/m?
Mass flux 100 kg/m’s
Saturation pressure 0.98 MPa g
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