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Abstract

In order to keep pressure drops at lower levels and to maintain uniform refrigerant
distribution, flow behavior of refrigerants in the distributors at the entrance of evaporators should
be elucidated. The aim of this study is to obtain a validated computational simulation of two-phase
flow distribution in conventional and new designs refrigerant distributor. The results of the
computational simulations of the distributor are validated against the experimental results. The
influence of the flow distribution on the evaporator performance has been considered. Distribution
of mass flow rate in the distributor channels and pressure drop are numerically calculated and then
compared to the data obtained from the experimental facility. As a result, the difference between
numerical and experimental study of the pressure drop is less than 2%.
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Sogutucu Akiskan Distribiitoriinde ki Fazlh Akisin Bilgisayarh Simiilasyonu

Oz

Sogutucu akiskan basing diisiimiiniin diisiik seviyede tutulmasi ve evaporator girisinde
homojen bir dagilimin saglanmasi1 amaciyla distribiitordeki akisin anlasilmasi gerekmektedir. Bu
caligmanin amaci geleneksel olarak kullanilan ve yeni dizayn edilmis bir sogutucu akiskan
distribiitoriinde iki fazli akis karakteristiklerinin elde edilmesi ve dogrulanmasidir. Bu amagla
deney veriler kullanilarak bir simiilasyon modeli hazirlanmistir. Distribtitordeki iki fazli akis
dagiliminin evaporator performansi iizerindeki etkisi géz onilinde bulundurulmustur. Distribiitor
kanallarindaki kiitlesel debilerin dagilimi ve basing diisiimleri numerik olarak hesaplanmis ve
deney diizeneginden alinan sonuclar ile karsilastirilmistir. Sonug olarak, deney diizeneginden
alinan basing diisimii sonuglarinin numerik olarak elde edilen sonuglarla % 2’den daha az bir
farkla ortiistiig goriilmustiir.

Anahtar Kelimeler: Sogutucu akiskan distribiitorii, bilgisayarli simiilasyon, iki fazl akis
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Introduction

In refrigeration cycles evaporators are
used to evaporate refrigerant fluid while
absorbing heat from the air passing through
the evaporator coils. The most important
factors affecting the efficiency of evaporators
may be counted as pressure drops and heat

transfer rates. In order to perform sufficient

heat transfer and balanced pressure
distribution inside micro channels of
evaporator coil, a distributor should

uniformly distribute refrigerant into micro
channels. Designs of distributors are essential
in terms of proper distribution of the
gas/liquid mixture. Homogeneous
distribution is dependent on geometry and
flow profile in evaporator channels. Non-
uniform airflow profiles diminish the heat
transfer rate about 6% [1]. Cooling capacity
and Coefficient of Performance (COP) of the
system decrease by as much as 15-10% in
case of a non-uniform distribution in the fin-
and-tube evaporator [2].

On the other hand, with the current
experimental techniques it is very difficult to
directly analyses pressure gradients and flow
profiles due to micro scale flow encountered
in the distributors. Moreover, the presence of
two-phase flow (gas and liquid) makes the
situation more complicated [3, 4] Therefore,
computational simulations may supply these
data easily. However, in the beginning there

are many computational limitations to be
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dealt with such as turbulence, presence of
two-phase [5, 6 and 7]. To best of our
knowledge, not many studies are present
about two phase flow in distributors. Li et al.
54 (2003) for
computational fluid dynamics analysis of
with  different

[8] employed Fluent
distributors geometric
properties as well as effect on pressure drop.
They have found that, among three two-phase
models included in Fluent 5.4, the IPSA
(inter-phase slip algorithm) produced results
in close agreement with their experimental
results. They also demonstrated that spherical
base distributor yielded the best distribution
regarded flow distribution in distributors.
Nakayama et al. [3] they conducted a
comparison between new design distributors
that had a capillary mixing space with the
Due

to vertical orientation with better mixing of

orifice of the conventional distributor.

the new type capacity can be increased by
1.2% compared to the
distributor. On the other hand, the most

conventional

general model for solving multiphase flows is
Eulerian model which are different levels of
application and accuracy [8]. Fei and Hrnjak
[9] modeled the two-phase flow in a header
with the Eulerian model due to flow in the
header has droplet mist flow characteristics.
Abishek et al. [10]

computational simulation study the effect of

they conducted

flow configuration (parallel/counter) on the

heat transfer and two-phase flow
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characteristics of a double-pipe evaporative
heat exchanger. The governing equations
solved with Eulerian multiphase modeling
framework in FLUENT for the conjugate
non-isothermal two-phase flow problem with
phase change. Yuan et al. [11] modeled the
two-phase flow with computational fluid
dynamics (CFD)
ANSYS-CFX. Their simulation based on the
Eulerian—Eulerian approach in which the

software  employed

gaseous phase is accepted as continuum and
liquid phase as dispersed phase.

In this study it is expected to develop
a cost-effective and reliable test method to
assess the distributors used in the evaporators
manufactured by FRITERM, A.S. as an
alternative  to  experimental  analysis
conducted in the R&D facilities. For this
purpose ANSYS Fluent 15.0 is used to
simulate two-phase flow in a distributor
generally used by FRITERM, A.S. The
Eulerian model included in Fluent 15.0 is
chosen because the Eulerian model has
similar properties with the IPSA model,
which is not readily present in the Fluent
version used in the current study. The results
of the CFD simulations of the distributor are
validated against the experimental results
supplied by R&D Department of FRITERM,
A.S.. The validated method is expected to be
used to develop a better design of the
distributor investigated in the current study
(on-going project) without a need for
experimental

analysis. The numerically
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predicted two- phase flow characteristics
such as mass flow rate distribution, volume
fraction and pressure droop in are compared
with experimental results for conventional

(case 1) and new designs (case 2) distributor.

The Simulation Model

Computational ~ simulations  are
performed to simulate two-phase flow inside
of the distributor by using Fluent 15.0. It is
assumed that the flow is incompressible
viscous turbulent flow and the process is
adiabatic. Velocity inlet and pressure outlet is

selected to be the boundary conditions.

The Eulerian Multiphase Model
According to Fluent 15.0 wuser’s
manual Eulerian Multiphase Model (EMM)
evaluate the system of mass, momentum and
energy equations separately for each phase
(gas and liquid phases). Addition to the
interfacial lift and virtual mass forces
included in the inter-phase slip algorithm
model [8] wall lubrication force, virtual mass
force, and turbulence dispersion force are
considered
Model.
As described in the FLUENT 15.0 manual
[12]:

conservation equation is

in the Eulerian Multiphase

for each phase, the momentum

0 _ _ _
a(“q quq) + V( aq PqVq Vq)

= —agl, +VTqaq pog
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+ 30 (Rpq + 1itpg Vg — gpVip) + (Fy + Fuipeg + Table 1. Mesh statistics of distributors

ﬁwl,q + ﬁvm,q + ﬁtd,q Case 1 Case 2

(1) Nodes number 67572 65300
Element number 205464 203703

Where T is the q™ phase stress-strain tensor

Table 2. Inlet boundary conditions for

T, = aguq(VV, +VU1) +a, (Aq - guq) vi,I distributors
5 Case 1 Case 2
) Mass flow rate (kg/s) 0.104 0.094
Quality 0.29 0.3
Here pgqand A, are the shear and bulk ?rsflf)hase volume rate | 4 4000691 | 0.0000625

Liquid phase volume

rate (m/s) 0.0007500 | 0.0006782

viscosity of phase g, fq is an external body

force, fliftq is a lift force ﬁwlq is a wall Void fraction i 0.7657 0.7657
’ ’ Gas phase velocity 0.77 0.94
lubrication force  Fy 4 iS @ virtual mass (ms) :
a Liquid phase velocity 957 312
(m/s) ' '

force, and l_?’td,q is a turbulence dispersion
force (in the case of turbulence flows only)

R,q is an interaction force between phases,

and p is the pressure shared by all phases.”

Mesh and Boundary Conditions

Velocity inlet and pressure outlet are

selected to be the boundary conditions. Mesh oo ot o

10,00 30,00

statistics that apply to distributor are given
Table 1. View of the distributor geometry and
mesh for case 1 (a) and case 2 (b) can be seen
in Fig. 1. Fig. 2 demonstrates position of
distributor channels. Since the results from
the last two mesh systems are similar, the
results presented in the paper are generated
using the second mesh system with 203703

nodes. Inlet boundary conditions of

distributors are depicted in Table 2. Figure 1. View of the distributor geometry

of case-1 (a) case-2 (b) and mesh
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Figure 2. Position of distributor channels

Fluid Properties

R404A refrigerant is used as a
refrigerant in the experiments. Refrigerant is
introduced to ANSYS Fluent material list.
Properties of the refrigerant are shown Table
3.

Table 3. Properties of refrigerant (R404A)

Molecular weight (kg/kmol) 96.7

Liquid phase density (kg/m?®) 1072

Gas phase density (kg/m®) 40.38
Liquid phase viscosity (kg/(ms) 0.00016129
Gas phase viscosity (kg/ms) 0.00001197
Surface tension (N/m) 0.003

Experimental Method

A R404A tube-plate-fin evaporator
with 9 circuits is placed in the experimental
facility. Experimental facility is illustrated in
Fig. 3. Experimental facility mainly involves
calorimetric room and conditioning room.
Fin and tube heat exchangers are located in
the calorimetric room where the test
operations are performed. The calorimetric

room setup is consisted of a test section,
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where evaporator is installed; an air handling
unit to maintain a constant air temperature
and humidity; a refrigeration section to
regulate the temperature and flow rate of the
refrigerant feed to the test unit during the

experiments.
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Figure 3. Schematic of experimental R-404A
refrigeration cycle (1. Product that is tested,
2. Air Receiver Room, 3. Flowrate
Measurement Room 4. Air Handling Unit, 5.
Air Sampler)

The

experiments is R404A and the refrigerant

refrigerant used in these
system had an auxiliary line operated with
water for the purpose of controlling the
refrigerant temperature at such as the
condenser subcooling temperature. Besides,
this refrigerant line have a shell and tube
condenser used for the system’s condenser
and auxiliary evaporator in order to adjust
An electronic

evaporation  pressure.

expansion device (EXV) is also used.
Cooling cycle with refrigerant distributor is
depicted in Fig. 4. Table 4 shows the
characteristics of unit cooler used in this
study. Experimental conditions are shown in

Table 5.
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Figure 4. Cooling cycle with refrigerant
distributor

Evaporator
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In order to validate the simulation
results, experiments are performed with both
geometries. Fig. 4 demonstrates a vapor
compression cycle with a refrigerant flow
After

device, refrigerant come to the distributor and

distributor. electronic  expansion
is divided into multiple flow circuits.

Table 4. Characteristics of Evaporator

ISSN: 2536-4383
However, as the heat transfer rate of
air side is calculated from electrical loads,

that of refrigerant side is calculated from

Qr,tot = rr.lr(hr,before expvalve — hr,o)

3)

Where, m, is the refrigerant mass
flow, h; pefore expvalve @aNd hy o are enthalpy

values of before expansion valve and outlet
of evaporator, respectively. The heat transfer
rate of refrigerant side is admitted as cooling
capacity because the uncertainty value of
refrigerant side is smaller when compared
with heat transfer rate of air side. Table 6
demonstrated the specifications of the
instrumentation. Both distributors has nine
channels and an orifice that is located at the
centerline of the the distributor as it seen in

Fig. 5.

Table 6. Specifications of the

instrumentation

Parameters Value
Design cooling capacity (kW) 135
Number of circuit 9
Number of rows 4

Fin Material Aluminum
Fin thickness (mm) 0.15

Fin pitch (mm) 4

Tube (circuit) material Cupper
Tube thickness (mm) 0.32
Tube inner / outer diameter 11.36/12
(mm)

Table 5. Experimental conditions

Refrigerant Name R404A
Evaporation Temperature (°C) -4
Condensation Temperature (°C) 40
Subcooling Temperature (°C) 10
Superheating Temperature (°C) 3
Calorimetric Room Temperature

() '

Measured Instrument | Range | Uncerta
variable inty
Temperature | K-type -50- +0.3%
(°0) thermocou | 500

ple

(PT100)
Pressure Pressure 0-50 +0.3%
(bar) transmitter
Humidity Hygromete | 0-100 | +0.3%
(%) r
Refrigerant Flow meter | 0-500 | +0.6%
flow rate
(kg/h)




Direk et al.

Sinop Uni J Nat Sci 2(2): 79-88 (2017)

(b)

Figure 5. Geometry of the distributor
case 1 (a) and case 2 (b)

In addition, the uncertainty of related
parameters, tabulated at Table 7, is calculated
according to Stephanie Bell’s study ‘A
Beginner Guide to Uncertainty of
Measurement” [13] The calculations are

performed with the both distributor

Table 7. Estimated uncertainties of

parameters
Parameters Maximum
Uncertainty
Heat transfer rate [kW] 2.35%
Refrigerant pressure 0.259%
difference [Pa]

Results and Discussion

The distribution performance is
evaluated by the difference in the mass flow
rate and pressure drop in the distributor for
both case. The maximum mass flow rates

difference tells how uniformly the mass flow

ISSN: 2536-4383
rate is distributed [6]. Two-phase mass flow
rate distribution for case 1 remains almost the
same because two-phase flow is distributed
properly as it is seen in Fig. 6. The orientation
and length of the orifice have the main impact

on flow distribution.
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Mass flow rat

Figure 6. Two-phase simulation results for
mass flow distribution

Fig. 6 also implies Case 1 distributor

has much more uniform distribution of mass

flow rate among the different channels.

Channel no. 5 and no. 8 are more different

than the average value for case 2.
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0
-10

01 2 3 4 5 6 7 8 9 10
channel no

Gas vplume fraction difference
(%)
N
o

Casel u Case ?

Figure 7. Two-phase simulation results for

gas volume fraction distribution
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Two-phase simulation results for gas
volume fraction distribution can be seen in
Fig. 7.

connecting pipe two-phase flow is not

Because of the diameter of the

uniform at the orifice of the distributor. The
maximum difference is occurred in channel 5
due to both orientation and the gravity effect.
Simulation results of pressure drop for both
case are shown in Fig. 8. Due to the
expansion of refrigerant after nozzle part in
the distributor, refrigerant pressure drop is

increased rapidly as it seen in the Fig. 8.

200000
175000
150000
125000
100000
75000
50000
25000

pressure drop (Pa)

012345678 9101112131415161718192021222324252627282930

-25000

Casel Case 2
Figure 8. Two phase simulation results for
pressure drop in the distributor for case 1

and case 2
Comparisons between the
experimental and numerical results of

pressure drops are shown in Fig 9. The ratio
of pressure drop of the experimental result is
slightly higher than the numerical results.
The difference between numerical and
experimental results of the pressure drop is
less than 2% for both distributors. The

computational pressure drop results of case 1
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and 2 are in good agreement with the

experimental results as shown in Fig. 9.
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Figure 9. Total pressure drop in the distributor
experimental and numerical results

Table 8 summarizes the experimental
results. The numerical results of the pressure
drop agree with the experimental results quite

well.

Table 8. Experimental results of evaporator
with case 1 and case 2 distributor

Experimental values Case 1 Case 2
Evaporator pressure

(kPa) 527 527
Fluid temperature before 99.89 30.09
expansion device (°C) ' '
Fluid pressure before

expansion device (MPa) 1.53 1.58
Evaporator superheating 3 3

(K)

Total pressure drop in

evaporator (kPa) 202.399 | 184.909
Cooling capacity 12.8 11.5

Conclusions

In this study, it was expected to
develop a cost-effective and reliable test
method to assess the evaporator distributors.
For this aim, a CFD simulation was
performed to obtain the distributor flow
configuration.  Simulation results were
validated with the experimental results for

case 1 and case 2 distributors. The Eulerian
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Multiphase Model was used to simulate two-
phase flow in case 1 and case 2 distributors.

The results showed two-phase flow
was divided equally into the each channel
regardless to the mass flow rates for case 1.
The pressure drops obtained from CFD
analysis for case 1 and 2 distributors are in
a good agreement with the experimental
results. Finally, the difference between
numerical and experimental results of the

pressure drops is less than 2%.
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