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Abstract: The present study studied the flow boiling heat transfer performance of a mini channel
with offset fins experimentally. The hydraulic diameter for it is 1.59 mm with 9 offset rectangular
channels. The influences of saturation pressure, mass flux and heat flux on heat transfer coefficient
were investigated. The experimental results reveal that when the vapor quality of refrigerant is less
than 0.6, the mass flux has negligible influence on heat transfer coefficient. While it increases with
both the saturation pressure and heat flux. Differently, in the high quality region, the heat transfer
coefficient has an ascending trend with the increase of mass flux and is not affected by heat flux and
saturation pressure.
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1. Introduction

The flowing boiling heat transfer in mini or micro channel has been considered as a promising
solution for the high heat flux dissipation in a lot of areas, such as electronic devices cooling, micro
reactor and micro heat exchanger [1]. Compared with the traditional channel, it has higher heat
transfer efficiency, more compact structure. Due to its so many merits, it has drawn more and more
attention in recent decades. However, few study on the mini channel with offset fins were carried out
before.

Some researchers investigated the flow boiling heat transfer phenomenon in circle or rectangular
mini channel [2,3]. As the channel with offset fins can disturb the boundary layer of flow and increase
the turbulence, it has high heat transfer efficiency and has been widely used in the area of aviation
for heat dissipation. Kim and Sohn [4] investigated the flow boiling heat transfer performance of R113
in a mini channel with offset fins with the equivalent diameter of 2.84 mm. Pulvirenti et al. [5] studied
the flow boiling heat transfer of HFE-7100 in a channel with offset strip fins with the equivalent
diameter of 2.3 mm. Their conclusion was that the channel with offset fins shown comparable heat
transfer capacity with other kinds of channels under high heat flux. Recently, a 1.19 mm equivalent
diameter channel with offset strip fins was adopted by Raju et al. [6] to study the flow boiling heat
transfer of R134a. They employed the hot water channel to heat the refrigerant and only investigated
the influence of mass flux on heat transfer characteristics.
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A rectangular mini channel with offset fins with the equivalent diameter of 1.59 mm was selected
to its flowing boiling heat transfer characteristics. The effect of saturation pressure, mass flux and
heat flux on heat transfer coefficient were experimentally investigated on a purpose-built test bench.

2. Description of the Experimental System and Data Reduction

2.1. Experimental System

The experimental system to study the flowing boiling heat transfer is shown in Figure 1. The
operation processes during the experiments can be summarized as follows: before the experiment,
the R134a refrigerant stored in the fin-tube condenser was cooled to the phase of subcooling. Then
the valves in the refrigerant loop were opened expect those two connected with the test section.
Driven by a gear pump, the R134a refrigerant could flow in the loop continuously. The two valves
connected with the test section were opened after the pressure of refrigerant achieved to a steady
state. A preheater which was heated by an electric heating film was used to regulate the inlet vapor
quality of the test section. In order to evaporate the refrigerant in the mini channel, another electrical
heating film made of Polyimide was employed. The heating film was connect with a DC power. By
regulating the input current and voltage of it, the heating power could be easily acquired and
controlled. Finally, the evaporated refrigerant flowed back to the receiver and condensed in the fin-
tube condenser subsequently. A Coriolis mass flow meter with a measurement accuracy of 0.05% was
used to measure the mass flow rate of refrigerant. The T-type thermocouple with an accuracy of 0.5
°C was adopted to acquire both the wall temperature of channel and the refrigerant temperatures.
Two thermocouples were installed in the inlet and outlet seal head respectively to measure the inlet
and outlet temperature of refrigerant. Two absolute pressure transducers with the accuracy of 0.02%
were also installed before and after the tested channel to acquire the pressures.
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Figure 1. Schematic diagram of the experimental system.

2.2. Experimental System

Figure 2 illustrates the real picture of the tested mini channel and the assembly test section. For
the mini channel with offset fins, it has 9 channels with the width and height of 1.50 mm and 1.70
mm respectively. The total length of the tested channel is 274 mm. In order to uniformly distribute
the refrigerant into the channel, two seal heads producing by 3D printing were adopted and installed
before and after the test section. The tested channel was clipped between two polymethyl
methacrylate plates by bolts. The electrical heating film was covered on the back surface of the tested
channel. 10 thermocouples were adhered on the wall surface to get the local temperature.
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Figure 2. Real picture of the tested mini channel and test section.

2.3. Experimental System
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The expression for the local flow boiling heat transfer coefficient is formulated in Equation (1)

as follows:
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in which ¢ represents the heat flux. Tuk s the temperature of wall. T stands for the saturation

temperature and is calculated by the saturation pressure R The definition for % is shown in

Equation (2).
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where 7 and o denote the inlet and outlet pressure of refrigerant respectively.

The mass flux is formulated by the following equation:

where ™

Equation (5) defines the the local vapor quality of refrigerant:
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and ¢ are the mass flow rate and cross-sectional flow area correspondingly.
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in which " stands for the local enthalpy at the ki measurement point. Pgsat and ot are the

saturation enthalpies of gas and liquid correspondingly.
3. Experimental Results and Discussion

3.1. Effect of Saturation Pressure on the Heat Transfer

Figure 3 presents the heat transfer coefficient of the tested mini channel with offset fins under
different saturation pressure ranging from 0.28 MPa to 0.42 MPa. It is obvious that when the vapor
quality of refrigerant is less than 0.6, the heat transfer coefficient increases with the increase of
saturation pressure. However, beyond the vapor quality, the heat transfer coefficients tends to be the
same under different saturation pressure. In another word, the influence of saturation pressure

vanishes under high vapor quality region.



Proceedings 2018, 2, 1376 40f5

5000 T T T T T T T T T n! 5000 T T T T T T T T T
D,=1.59mm D,=1.59mm
G=65kg/(m>.s) G=100kg/(m”.s)
4000 A G=24kWim° 4000 & - - . G=28kW/m*
o A A N . =
. . ° ry R ° ° ° ° Y ° ..
3000 | - = g of 4 4 4 a4 & A g
& - — .
E R <<
s : S
S oot . . 2 2000} o~ g
% 3
L]
P_(MPa) P_(MPa)
1000 | = i [ st n i
000 T 908 !»A 1000 = 039
® 035 LN e 035 *»
A 042 A 031
0 1 1 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 10 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure 3. Effect of saturation pressure on heat transfer coefficient.

3.2. Effect of Mass Flux on the Heat Transfer

The heat transfer coefficients under different mass fluxes during flow boiling are illustrated in
Figure 4. In the low and moderate vapor quality region, the heat transfer coefficient keeps constants
and has little relationship with the mass flux. The interpretation is that nucleate boiling is dominant
under the region and it is not influenced by the mass flux. However, under high vapor quality region,
the convective boiling domains and greater mass flux corresponds to stronger convective boiling. As
a result, the heat transfer coefficient increases with the mass flux in this region as shown in Figure 4.
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Figure 4. Effect of mass flux on the heat transfer coefficient.

3.3. Effect of Heat Flux on the Heat Transfer

Figure 5 presents the influence of heat flux on flow boiling heat transfer under different heat
fluxes. It is clear that the heat transfer coefficient has an ascending trend with the increase of heat flux
when the vapor quality is less than 0.6. For the mass flux of 70 kg/(m?-s) and saturation pressure of
0.3 MPa, the average heat transfer coefficient increases from 2847 W/(m2K) to 3495 W/(m2K)when
the heat flux increases from 14 kW/m? to 25 kW/ma?. This can be contributed to the stronger nucleate
boiling at higher heat flux. However, the influence of heat flux seems to vanish in high vapor quality
region as demonstrated in Figure 5.
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Figure 5. Effect of heat flux on the heat transfer coefficient.
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4. Conclusions

The flow boiling heat transfer characteristics in a mini channel with offset fins with the
equivalent diameter of 1.59 mm were experimentally studied in present study. The results reveal that
the heat transfer coefficient increases with the both saturation pressure and heat flux and shows little
relationship with mas flux in low and moderate vapor quality region. However, in high vapor quality
region, the influence of saturation pressure and heat flux seem to vanish and higher mass flux leads
to greater heat transfer coefficient.
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