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Abstract: The objectives of this study are to investigate the effect of chevron angle on heat transfer

performance in plate heat exchanger using lithium bromide solution and develop an empirical correlation

for Nusselt number prediction. Plate heat exchangers with chevron angle of of 60° and 120° are tested

in the present experiment. By varying the operational conditions, the heat transfer performance is

evaluated. The results reveal that heat transfer rate, overall heat transfer coefficient and Nusselt number

show 9%, 21% and 20% greater in plate heat exchanger with 120° chevron angle, respectively. And a

correlation for predicting Nusselt number is developed with error less than 10%.
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— Nomenclature —

C, : Specific heat [J/kgK]

Dy : Hydraulic diameter [m]

h : Heat transfer coefficient [W/m*K]
k : Conductivity [W/m-k]

m : Mass flow rate [kg/h]

Nu : Nusselt number

Pr : Prandtl number

Re : Reynolds number

Q : Heat transfer rate [W]

T : Temperature [C]

U : Overall heat transfer coefficient [W/m* C]
v : Velocity [m/s]
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Greek Symbols

B : Chevron angle
: Density [kg/m’]
p: Viscosity [kg/m's]

Subscripts
¢ : Cold side
h : Hot side
i : Inlet
ave : Average
o : Outside
m : metal

1. Introduction

Heating and cooling devices have been widely
adopted in industrial and resident applications. And
these applications bring huge amount of energy

consumption. What’s more, huge low grade heat is
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rejected to the surroundings as waste, which results
in huge waste of energy and leads to environmental
destruction. Absorption system has been proved to
be a high efficient heat recovery technology since
its appearance of about 1950s. Besides, absorption
systems can benefit the environment by reducing the
emission of global warming gas such as carbon
dioxide.

Due to the active application of lithium bromide
absorption system, many literatures concerning this
system have been done both theoretically and
experimentally. Omer and Muhsin" investigated the
effect of operating conditions on performance of
absorption refrigeration system. And they concluded
that the COP (coefficient of performance) value
increases with increasing generator and evaporator
temperature but decreases with increasing condenser
and  absorber temperatures. Okada et al?
investigated the effect of concentration of lithium
bromide solution on the COP. Papaefthimiou et al.”
proposed a mathematical model for analyzing the
heat and mass transfer process of LiBr absorption
on a horizontal tube. Besides, as a novel application
of LiBr solar-driven  LiBr

absorption  system,

absorption system is also attracting the attention of
researchers.*'?

To improve the efficiency of absorption system,
much effort have been done by using different
refrigerants or changing the structure of the heat

exchangers.'""'?

For the existing LiBr absorption
cycle, Shell and tube heat exchanger and plate heat
exchanger are most commonly used as solution heat
transfer

exchanger. The heat efficiency of the

solution heat exchanger impact the system
performance a lot. Compared to the shell and tube
heat exchanger, the COP of the system can be
improved up to 12% by using plate heat exchanger.
And for the large scale absorption systems that
produced in the domestic market, shell and tube

heat exchanger is normally selected'”. However,
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plate heat exchangers are used as solution heat
exchanger in many developed countries even in
small-scale absorption system.

Since little literature
of LiBr

exchanger can be found, one of the objectives of

related to heat transfer

performance solution in plate heat
this study is to investigate the effect of chevron
angle on heat transfer performance in plate heat
exchanger using lithium bromide solution. Besides,
the existing empirical correlations of Nusselt number
are almost derived from experiments that using
water as working fluid. In this study, an empirical
correlation for Nusselt number prediction would be
developed based on the experimental results of LiBr

solution.

2. Experimental set-up and method

2.1 Experimental set-up and operational
conditions

In this experiment, plate heat exchangers with
chevron angle of 60° and 120° are tested. The
schematic of the tested solution heat exchanger is
shown in Fig. 1. And the specification is listed in
Table 1. The heat exchanger that is consisted of 24
in both cold and hot side.

Fig. 2 shows the experimental set-up. The tube

plates and 12 channels

and all the components are well insulated to prevent
heat loss. Two 15 kW heaters are installed in two
solution heating tanks respectively to keep the
solution temperature at constant. The concentrations
of LiBr solution at high temperature and low
62.5% and  58.5%,

respectively. Mass flow rates at inlet for both sides

temperature  sides  are

are measured by two solution flow meters (Toshiba,
LF430DL),
measured through thermocouple (Omega, T-type).

respectively. And the temperature is
And the pressure differences between inlet and
outlet of the solution heat exchanger for both sides
are measured through differential pressure transducers

(Rosemount, 30518S), respectively.
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Fig. 1 Schematic diagram of the tested solution heat

exchanger
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Fig. 2 Schematic diagram of the experimental set-up

All the data are obtained through a data recorder
after calibration. The uncertainties of the mass flow
meter, temperature and pressure are +0.1%, +0.15%
and £0.1%, respectively.

The operational conditions are listed in Table 2.
The temperature of cold side is kept constant at 7
0C, and the hot side temperature is 155°C. The
mass flow rate at cold side is kept at 380 kg/h, and
hot side is varying from 150 kg/h to 550 kg/h.

Table 1 Specifications of solution heat exchanger

Parameters value

Chevron angle 60°, 120°

Plate size, L*H*H (mm) 289*119*48.8

Number of plates 24
Plate thickness (mm) 0.3
Corrugation pitch (mm) 6.0
Corrugation depth (mm) 2.0

Heat transfer area 0.616

74 S=RFHIPISERA] M22H H3=Z, 2018¢ 6¥

Table 2 Operational conditions

Parameters Hot side Cold side

Inlet temperature (C) 155 70
Concentration (%) 62.5 58.5

Mass flow rate (kg/h) 150~550 380

2.2 Experimental method
Heat transfer rate for cold and hot side can be

calculated as shown in Eq. (1) and Eq. (2).

Q/L = T.nh C}).h ( ]—}IL - ]—}L.U ) (1)
Qfﬂ’L(q}(( X3 ]—;;,0) (2)

The overall heat transfer coefficient is also a very
important parameter to evaluate performance of heat

exchanger. It can be calculated as shown in Eq. (3).

Q(l’l'f’
U=—"""7-"—" 3)
A ATpymp

Where ATimmp and Qg are logarithmic mean

temperature and average mass flow rate,
respectively. They can be calculated according to

Eq. (4) and Eq. (5).

Q@+ Q.
Q(L’l,‘fi = T (4)
( Th‘i - 71,0) - (7}1,0 - Ilz)
AT vrp = T, — T )
ln( ]—;L(} - (X )

Some important dimensionless numbers that used
in evaluating heat transfer performance are also
calculated. Reynolds number for hot and cold side

in the solution heat exchanger can be calculated as :

pvD,
Re=—— 6
p (6)



Prandtl number and Nusselt number can be

calculated according to Eq. (7) and Eq. (8).

Cou

Pr= ]z (M
hD, g

- k ®)

Heat transfer coefficient in Eq. (8) can be

calculated from Eq. (9)
1 1 1 1

—=—t—t ©)]

U h, h, k

L c m

3. Experimental results and discussion

Fig. 3 shows the variation of heat transfer rate
with Re number. The heat transfer rate increases
with increasing Reynolds number. And the heat
transfer rate of 120° chevron angle is about 9%

higher than that of 60° chevron angle in average.
The reason is that the larger chevron angle leads to
more complex flow motion in the plate heat

exchanger, this results in the heat transfer

enhancement.
Fig. 4 shows the variation of overall heat transfer
with Re number. The heat

coefficient overall

transfer  coefficient increases with increasing
Reynolds number. And the overall heat transfer
coefficient of 120° chevron angle is about 21%
higher than that of 60° chevron angle in average.
The impact of chevron angle on overall heat transfer
coefficient tends to become greater with the
increasing Reynolds number.

A similar tendency can be observed in Fig. 5.
The Nusselt increasing
Reynolds number. And the Nusselt number of 120°

chevron angle is about 20% higher than that of 60°

number increases with

chevron angle in average. The impact of chevron

angle on Nusselt number tends to become greater

with increasing Reynolds number.
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Fig. 3 Variation of heat transfer rate with Reynolds
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Fig. 7 Error of predicted Nu number by using Eq. (13)

Nu = 0.348 Re"993p0-33 (10)
Nu = 0.4065 Re*7°p 03 (1
Nu = 0.343 Re"0'p 03 (12)
Empirical correlations are widely adopted to

analyze the heat transfer performance of plate heat
exchanger, among them, Eqgs. (10-12) are the most
frequently used ones.'*'®

Nusselt number of the present experiment is also
calculated by using this correlation, and the results
are shown in Fig. 6. As shown in this figure, all of

the predicted data deviate from the experimental
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40%. It

correlations are not applicable for the LiBr solution.

ones over means that the existing
Due to this reason, a new correlation is derived
according to the experimental results as shown

below:

Nu= 0.5609R€().302Pr*().2821 (13)

The data predicted through the new derived Eq.
(13) are shown in Fig. 7. 90% of the predicted
results deviate from experimental ones within 10%,
the average deviation is 3.3%. The predicted results

well matched with the experimental ones.

4. Conclusions

This study investigated the impact of chevron
angle of plate heat exchanger on heat transfer
performance of LiBr solution. As a result, heat
transfer rate, overall heat transfer coefficient and
Nusselt number show 9%, 21% and 20% greater
value in plate heat exchanger with 120° chevron
angle, respectively. Since the existing correlations
for predicting Nusselt number are not applicable for
the LiBr solution, a new correlation is developed
based on the experimental results, and 90% of the
predicted results agree well with the experimental

ones with error less than 10%.
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