Metadata, citation and similar papers at core.ac.uk

Provided by Directory of Open Access Journals

Zheng, H.-F., et al.: Characteristics of a Micro-Fin Evaporator: Theoretical Analysis ...
THERMAL SCIENCE, Year 2013, Vol. 17, No. 5, pp. 1443-1447 1443

CHARACTERISTICS OF A MICRO-FIN EVAPORATOR:
THEORETICAL ANALYSIS AND EXPERIMENTAL VERIFICATION

by
Hui-Fan ZHENG', Xiao-Wei FAN, Fang WANG, and Yao-Hua LIANG

School of Energy and Environment, Zhongyuan University of Technology, Zhengzhou, China

Original scientific paper
DOI: 10.2298/TSCI1305443Z

A theoretical analysis and experimental verification on the characteristics of a
micro-fin evaporator using R290 and R717 as refrigerants were carried out. The
heat capacity and heat transfer coefficient of the micro-fin evaporator were inves-
tigated under different water mass flow rate, different refrigerant mass flow rate,
and different inner tube diameter of micro-fin evaporator. The simulation results
of the heat transfer coefficient are fairly in good agreement with the experimental
data. The results show that heat capacity and the heat transfer coefficient of the
micro-fin evaporator increase with increasing logarithmic mean temperature dif-
ference, the water mass flow rate and the refrigerant mass flow rate. Heat capaci-
ty of the micro-fin evaporator for diameter 9.52 mm is higher than that of diame-
ter 7.00 mm with using R290 as refrigerant. Heat capacity of the micro-fin evapo-
rator with using R717 as refrigerant is higher than that of R290 as refrigerant.
The results of this study can provide useful guidelines for optimal design and op-
eration of micro-fin evaporator in its present or future applications.
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Introduction

The evaporator has been widely used in the fields of energy, chemical industry, re-
frigeration, air conditioning and others. As an important component, the heat transfer tube af-
fects the performance of evaporator greatly. The micro-fin tube can increase the heat transfer
area and enhance fluid disturbance, change the flow speed and direction in the role of centri-
fugal force, and increase heat transfer coefficient finally. Therefore, many researchers have
investigated the performance of micro-fin heat exchangers in the past years. Paisarn [1] stu-
died the heat transfer and flow characteristics of the horizontal spiral-coil tube of a 8.00 mm
diameter straight copper tube. Ho and Wijeysundera [2] developed a theoretical model for
predicting the thermal performance of the spiral-coil heat exchanger as a cooling and dehumi-
difying unit. Sapali and Pradeep [3] investigated experimentally the heat transfer coefficient
during condensation of HFC-134a and R-404a in a smooth (8.56 mm ID) and micro-fin tubes
(8.96 mm ID). Thundil and Srikanth [4] determined the performance of shell and tube heat
exchanger considering the effects of baffle inclination angle on fluid flow. Kuo and Chi [5]
observed horizontal flow boiling with using R22 and R407c as refrigerants in a 9.52 mm mi-
cro-fin tube. Colombo et al. [6] investigated the performance of heat transfer and pressure
drop of evaporation and condensation of R134a in micro-fin tubes. Shanthi ez al. [7] reviewed
the heat transfer and flow characteristics using nanofluids. Khalid [8] numerical studied the
characteristics of a porous sudden expansion. Kim [9] calculated the heat transfer characteris-
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tics of R410A in 7 and 9.52 mm smooth/micro-fin tubes. Brognaux and Web [10] studied the
single-phase heat transfer of micro-fin tubes.

From the literatures discussed above, it is confirmed that much work has been concen-
trated on the R22, R134a, and R404a et al. refrigerants, but there lack enough information on
the optimal of micro-fin evaporator with R290 and R717 as refrigerants. In the present study,
the performance of micro-fin evaporator was investigated with using R290 and R717 as refrige-
rants. A micro-fin evaporator simulation model was established, and the experimental data was
compared with the simulation results for proving the validity of simulation model. The varia-
tions of the heat transfer coefficient with logarithmic mean temperature difference, the heat ca-
pacity with the water mass flow rate and refrigerant mass flow rate were analyzed respectively.

Mathematical model

Based on the steady distributed parameter model, the simulation model of tube-in-
tube micro-fin evaporator has been developed, and the following assumptions were made to
simplify the analysis[11, 12]:

— the flow of the micro-fin evaporator is steady and one dimension,
— refrigerant and water are in counter flow,
— the homogeneous model is chosen for two phase region,
— the influence of gravity and the pressure drop of overheated zone is neglected, and
— the refrigerant flow of evaporator is even.
The water heat capacity of micro-fin evaporator Q,, can be described as:

Qw = mep (Tw,in - Tw,out) =m, (hw,in - hw,out) (1)
where m,, [kgs '] is the water mass flow rate, ¢ [Tkg 'K'] — the specific heat of water, T, win
and T, 0y [K] are inlet and outlet water temperature of evaporator, respectively, and 4, i, and
Py, out [kJkg '] — the inlet and outlet enthalpy of water, respectively.

The refrigerant heat capacity of micro-fin evaporator Q, is given by:

Qe =m, (hr,out - hr,in) (2)

where m, [kgsﬁl] is the refrigerant mass flow rate, aand 4, i, and 4, oy [kagfl] are the inlet and
outlet enthalpy of refrigerant, respectively.
The heat balance equation of evaporator is defined:

0, =0, 3)

where ¢ is the leakage heat coefficient and it is among 0.92 and 1.0.

The paper have chosen five two-phase region heat transfer correlations of evaporator
for estimating the heat transfer coefficient, and those correlations are Rin Yun correlation,
Koyama correlation, Cavallini correlation, Thome correlation, and Gungor-Winterton correla-
tion, respectively [13]. The simulation results of Gungor-Winterton correlation are the most
agreement with the experimental data in all tested cases, and its relative error is not more than
5% [13]. So, the Gungor-Winterton correlation as the suitable correlation was recommended
in this paper. The detail formulas of heat transfer coefficient and pressure drop can referred to
literature [13].

A simulation model of micro-fin evaporator is developed based on REFPROP
software version 8.0 and Engineering Equation Solver (EES) software.
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Validation of the
simulation

The validation of simula-

tion model is carried out for
micro-fin evaporator using
R290. The diameter of inner
tube is 9.52 mm, its wall
thickness is 0.3 mm, the &
equals to 22°, the y equals
16°, the ¢ is 0.3 mm, the
number of micro-fin is 60,
and its design heat capacity
is equals to 4.5 kW, and the
inlet and outlet water tem-
perature are designed 12 °C and 7 °C, respec-
tively. The schematic diagram and photograph
of the micro-fin tube used in the evaporator
are shown in fig. 1.

Figure 2 gives the variation of the heat
transfer coefficient with logarithmic mean
temperature difference of micro-fin evapora-
tor. As seen in fig. 2, the simulated perfor-
mance results are fairly in good agreement
with the experimental data and the deviation
is found within 5% [13].

Cross-section

Results and discussion

Based on the simulation model, the per-
formance of the micro-fin evaporator was
analyzed using R290 and R717 as refrige-
rants. The inlet water temperature is kept at
285 K during the test. Figure 3 depicts the ef-
fect of the refrigerant mass flow rate on heat
transfer coefficient of micro-fin evaporator
using R290 as refrigerant. It can be found that
the heat transfer coefficient of the evaporator
increases with the refrigerant mass flow rate
increasing from fig. 3.

Figure 4 shows the effect of water mass
flow rate of micro-fin evaporator on heat trans-
fer coefficient for R290. It is noted, from fig.

Figure 1. Schematic diagram and photograph of micro-fin tube;
(a) schematic diagram of the micro-fin tube; (b) photograph of
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Figure 2. Variation of heat transfer coefficient
with the logarithmic mean temperature
difference
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Figure 3. Effect of refrigerant massflow rate on
heat transfer coefficient (T, = 283 K)

4, that the heat transfer coefficient increases with the water mass flow rate increasing. At the
given conditions, an increase of the water mass flow rate with 0.01 kg/s, results in an increase of

the heat transfer coefficient by about 10%.

Figure 5 depicts the variations of the heat capacity of micro-fin evaporator with wa-
ter mass flow rate using R290 as refrigerant when the evaporator temperature equals 283 K.
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Figure 4. Effect of water massflow rate on
heat transfer coefficient (T, = 283 K)
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Figure5. Effect of water massflow rate on
heat capacity of micro-fin evaporator for R290

ameter 9.52 mm results in an increase of the
heat capacity of evaporator by 20% averagely,
and the maximum increase reach to 25% or so.
Figure 6(a) shows the effect of water mass
flow rate on heat capacity of micro-fin evaporator
for the diameter 9.52 mm with using R290 and
R717 as refrigerant respectively. It can be noticed
that, the heat capacity of micro-fin evaporator in-
creases with the water mass flow rate increasing
for R290. The same trend of variation is observed
for R717 from fig. 6(a). Any increase in water
mass flow rate leads to increase in heat transfer
coefficient of the evaporator as shown in figs. 3
and 4. Between the two refrigerants selected,
across the whole range of water mass flow rate,
the heat capacity using R717 as refrigerant is

higher than that of using R717 as refrigerant at the same operating conditions. At the given wa-
ter mass flow rate, the heat capacity of R717 as refrigerant is about more than 10% that of R290
as refrigerant, and the maximum heat capacities are up to 15% higher.

Figure 6(b) depicts the variation of water mass flow rate with heat capacity of mi-
cro-fin evaporator for the diameter 7.00 mm with using R290 and R717 as refrigerant, respec-
tively. As seen in fig. 6(b), the heat capacity with using R717 as refrigerant is higher than that
of using R290 as refrigerant at the same water mass flow rate, and the heat capacity of R717
as refrigerant is about more than 15% that of R290 as refrigerant, and the maximum heat ca-

pacities are up to 19% higher.
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Figure 6. Effect of water mass flow rate on heat capacity of micro-fin evaporator (T = 283K);
(a) diameter of inner tubeis 9.52 mm; (b) diameter of inner tube is 7.00 mm
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Conclusions

A simulation model for micro-fin evaporator using R290 as refrigerant was devel-
oped based on the REFPROP software version 8.0 and EES software in this paper. The simu-
lated results are fairly in good agreement with experimental data, and the variation of water
mass flow rate and refrigerant mass flow rate with the heat transfer coefficient and heat capac-
ity of micro-fin evaporator are studied. The results can be summarized as follows.

e The heat transfer coefficient and heat capacity of micro-fin evaporator increase with water
mass flow rate and refrigerant mass flow rate increasing with using R290 and R717 as re-
frigerants.

e The heat capacity of the micro-fin evaporator for diameter 9.52 mm is higher than that of
diameter 7.00 mm with using R290 as refrigerant. The heat capacity of using R717 as re-
frigerant is higher than that of R290 as refrigerant, and the maximum heat capacity is up to
19% higher.
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