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Abstract. Air conditioning is an essential part of the Heating, Ventilation, Air Conditioning and Refrigeration industry.
It use is linked to thermal comfort. Currently about 2 billion units of residential equipment are in operation in the world,
and only 8 % of the 2.8 billion people living in the hottest regions have air conditioning in their homes. As the world
population grows and the climate becomes hotter due to the global warning, it is expected an increase in the use of air
conditioning, especially in the emerging economies of the world, thus providing a greater consumption of electricity.
With the increase in thermal sensation and the cost of the electric tariff, air conditioners that have high coefficients of
performance and compressors with low electrical become essential. Computational studies play an important role in the
development of more efficient air conditioning systems; the present work analyzes the influence of convective coefficient
correlations for evaporation and condensation process in the simulation of split type air conditioning system working
with R410a. Evaporator and condenser geometries are composed of flat fins with louvers, which due to their
compactness, allow a high heat transfer area compared to their volume. Steady state operation is assumed. The
compressor is modeled using a correlation from literature, which follows the AHRI (Air Conditioning, Heating and
Refrigeration Institute) 540 standard. The heat transfer between R410a and the air in evaporator and condenser are
done discretizing both in small sections. Then, the global heat transfer is evaluated locally, allowing the determination
of the heat exchanged in each section. The computational modeling is developed in an open source programming
language called Python. In the present work, thermophysical properties of the refrigerant and fluid and humid air are
obtained using the open library Coolprop database. Consumed power, cooling capacity and coefficient of performance
of the system operating with R410a refrigerant fluid are studied. Initially, the computational implementations are
validated against experimental data available in literature. Then, results are generated from the analysis of five
correlations referring to the convective coefficient during condensation and two correlations during evaporation in order
to find the set of the heat exchangers that provide the highest COP values.
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1. INTRODUCTION

According to Irfan (2022), the IEA (International Energy Agency) estimates that there are about 2 billion residential
air conditioning units in use worldwide, with half of these units present in the United States and China alone. According
to the IR (2019) air conditioning is expanding dramatically, especially in the emerging economies of the world and this
trend is expected to increase; as of the 2.8 billion people living in the hottest parts of the world, only 8% currently have
air conditioning. Therefore, it is essential to develop air conditioners that provide a high COP (coefficient of performance)
and low energy consumption. The mathematical modeling of these systems can provide useful data in order to aid the
development of efficient air conditioners. Some relevant works found in literature concerning air conditioning system
modeling are briefly commented here.

Wang et al. (1999) evaluated external condenser air convection coefficient for louvered flat fins, while Wang et al.
(2000) and Kim and Bullard (2002) analyzed the performance of heat exchangers from finned tubes of Venetian plates
under dehumidified conditions. Zhang et al. (2004) carried out a mathematical modeling of a split air conditioner for
domestic application operating in steady state regime. Wojtan et al. (2005a) proposed a modified two-phase flow pattern
map for horizontal pipes, with the goal of reaching a new correlation for the calculation of the heat transfer coefficient.
Later, Wojtan et al.(2005b) developed a new heat transfer model for wavy, drying and mist stratified flow regimes. Wang
and Lin (2005) developed a numerical model of a decoupled cooling coil using the finite element method based on the
sensible heat ratio, while Sun and Mishima (2009) compared thirteen methods of heat transfer by boiling in mini-channels.
Soylemez (2006) presented a simplified method to derive the psychrometric properties of humid air through numerical
approximation, thus providing a quick thermal analysis of wet surfaces of the cooling coil. Brochier (2014) modeled a
single-stage vapor compression cycle (VCR) in steady state, and performed an optimization of some heat exchangers
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parameters to maximize the system COP. Yang et al. (2017) analyzed a mathematical model in steady state with the
objective of optimizing the areas of the heat exchanger and the pressure ratio of a refrigeration system by vapor
compression in order to obtain the maximization of the refrigeration rate, the COP and Second Law efficiency. Bator
(2019) analyzed the effect of design changes on the performance of a hi-wall split air conditioner at different outdoor
temperatures and different flow rates of R410A refrigerant. Phu and Hap (2020) theoretically and experimentally
investigated an air dehumidifier coil with a finned tube with a continuous plate, with cold water as a coolant. Ayad et al.
(2021) carried out an experimental thermo-hydraulic study of an automotive vane and flat tube evaporator with shutters
under humid conditions with varying the humidity rate of inlet air. Aratjo (2022) modeled a split-type air conditioning
system for domestic application, adopting an integral and steady formulation of the mass and energy conservation
equations for the system components. In the works commented above, the majority used the EES (Engineering Equation
Solver) to do the computational implementations. Furthermore, the modeling of the residential air-conditioning system
typically assumed correlations for convective heat transfer in boiling and condensing flow, while the heat exchangers
were modeled as a single domain. It was not found in literature works analyzing the impact of these correlations over the
predictive capacity of the model.

The present work aims to investigate the influence of typical convective heat transfer correlations for boiling and
condensing refrigerant flow over the prediction of performance parameters of an air-conditioner. Here, the modeling of a
split-type air conditioning system couples the mass and energy conservation equations in steady state operation with
detailed information of compressor, condenser and evaporator. The mathematical modeling is computational implemented
in Python, and the state equations of open library Coolprop (Bell et al. 2014) are adopted to evaluate thermophysical
properties of refrigerant and humid air. Five correlations referring to the convective coefficient during condensation and
two correlations during evaporation are analyzed. The condenser and evaporator are modeled using finite difference
method. The values of consumed power, cooling capacity and coefficient of performance (COP) predicted by the model
using different correlations are compared to experimental and numerical data from literature.

2. METHODOLOGY

This section is divided into five parts. The first one is focused on describing vapor compression refrigeration cycle.
The next three parts cover the mathematical modeling of each component of the cycle. The last part shows the iterative
process adopted in order to obtain the computational results.

2.1  Vapor compression refrigeration system

According to Dinger and Kanoglu (2010) vapor compression refrigeration systems work through the evaporation of a
volatile substance, namely refrigerant, at low temperatures, being widely used to ensure thermal comfort and food
preservation. This system operates with a compressor, a condenser, an expansion device and an evaporator. The layout of
each piece of equipment in the cycle can be seen schematically in Figure 1.
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Figure 1. Vapor compression refrigeration system.
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Initially, saturated or superheated steam at low pressure enters the compressor (point 1) and leaves as superheated
steam at high pressure, and then enters the condenser (point 2). At the condenser outlet, the refrigerant can be saturated
or subcooled liquid (point 3). In the expansion device, the fluid loses pressure at constant enthalpy and enters the
evaporator as liquid-vapor mixture (point 4). At the outlet of the evaporator, the fluid exits as superheated steam.

The air conditioning system studied here is the same described in Brochier (2014) and Bator (2019), which is a hi wall
split air conditioner operating with R410A. The components of the system follows the schematic of the standard vapor
compression cycle showed in Figure 1.

2.2 Compressor

The compressor is responsible for increasing the pressure and temperature of the coolant, in addition to determining
the mass flow (#i7) and the respective consumed power. The present work models the compressor following the AHRI 540
standard (AHRI, 2015), in which compressor's refrigerating capacity and consumed electrical power are functions of
condensing and evaporating temperatures. Based on polynomial regressions of the compressor's performance curves
provided by the manufacturer, Brochier (2014) included also the compressor rotation frequency as an independent
variable N.

According to Stoecker and Jones (1985) the compressor does not have cooling capacity in itself, but it is capable of
compressing a refrigerant flow that allows this cooling capacity in the evaporator. The power consumed by the compressor
and the respective cooling capacity, using the R410A refrigerant, are given, respectively, by (Brochier 2014):

WComp = [(LZITCS + azTCZ + as TC + a4) + (asTC3 + GGTCZ + as Tc + ag)Te (1)
+ (ach3 +ay T2 +ay T+ 012)Tg2 + (a13T03 +aTr +aps T,
+a16) T (a7N? + aggN + ay)

CF = [(blTLS + szCZ + b3 Tc + b4) + (bsTL3 + béTCZ + b7 Tc + bg)Te (2)
+ (boT2 + b1gT7 + byy T+ bio) T2 + (b3 T2 + biaT? + bys T
+ blG)Te3](b17N2 + bigN + bg)

where T is the evaporating temperature and 7 is the condensing temperature, both in °C, and N is the compressor rotation
frequency, given in Hertz. The constants adopted were given by Brochier (2014) and are shown in Table 1.

Table. 1 — Constants obtained by Brochier (2014) for the compressor curves.

Constant Value Constant Value
ai -0.19060317 b 1.121
a 31.31 b -172.2
as -1 677 b3 87 1 7
as 30070 by -143137
as 0.06559436 bs -0.5994127
de -10.85 b6 92.22
a; 592.7 by -4693
as -10651 bg 79012
ay -0.00801058 b 0.1
alo 1.3379365 b1() -15.46
all -73.68 b11 789.9
aln 1334 b12 -13329
ais 0.00032099 bi3 -0.00544444
a4 -0.05407407 bi4 0.84629630
ais 3.001 bis -43.51
aile -54.67 b16 738.9
aig 0.00007197 b1z -0.00016165
ais 0.01380169 big 0.02699884
aig -0.08719482 big -0.0379812

2.3 Discretization of heat exchangers

The condenser and the evaporator were modeled assuming steady state regime and one-dimensional flow, and their
geometries were divided in discrete points. A schematic of the heat exchangers control volume are presented in Figure 2.
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The distance between the points were chosen in order to allow the hypothesis of no changes in fluid properties in each
point. As the mass flow rate is constant, the enthalpy of the forward point, % is obtained using the energy balance in each
point with the finite difference method.
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Figure 2. Energy balance applied to discrete control volume

The heat exchange rate was evaluated through the thermal resistance theory as (Incropera et al., 2011):

dq _ (Tp - Text) (3)
Rtotal

where 7T, is the temperature of the point, 7., is the temperature of the external air entering the heat exchanger, and Ross
is the equivalent thermal resistance, which considers the finned surface, internal and external convection, resulting in,
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where Dg is outside diameter, D, is inner diameter, /¢ is the internal convective heat transfer coefficient, sz is external
convective heat transfer coefficient, k.. is thermal conductivity of the tube, dA . o« 1s the area of air in contact with tube
and fins, and 7, is efficiency of the fins.

Care must be taken to enter the properties correctly depending on the analyzed process fluid, that is, if external, air, if
internal, coolant. The discrete surface area used was calculated as:

70, D? )
b fCC) (Dcurv + DE) - n_E

Ay e = 7D (dz — dgydz esp ﬁm) + dyydz ( Z

‘faces

where espyins 1s fins thickness, djins is fin density, De.- is distance between tubes, and prof. is condenser coil depth.

Correlations adopted to evaluate convective heat transfer coefficient are presented in Table 2, as the correlations
adopted to evaluate the refrigerant pressure drop flowing through condenser and evaporator. The modeling of the
convective heat transfer coefficient and pressure drop for the refrigerant flowing in the condenser and in the evaporator
are commented in sections 2.3.1 and 2.3.2, respectively. The convective heat transfer coefficient of the air side uses the
correlations detailed by Wang et al. (1999) for air in a compact louvered fin-and-tube condenser and by Wang et al. (2000)
for the in a compact louvered fin-and-tube evaporator.
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Table. 2 —Overview of equations and correlations used for the heat exchanger

Region Correlation
Airside
- Heat transfer coefficient (Condenser) Wang et al. (1999)
- Heat transfer coefficient (Evaporator) Wang et al. (2000)
- Fin efficiency Wang et al. (1999)
Single phase flow
- Coefficient of heat transfer Gnielinski
- Pressure Loss Haaland
Two-phase flow (Condenser)
- Coefficient of heat transfer Shah (1979); Dobson and Chato (1998); Zhang et al.
(2004); Cavallini et al. (2009); and Shah (2016)
- Pressure Loss Miiller-Steinhagen and Heck (1986)
Two-phase flow (Evaporator)
- Coefficient of heat transfer Wojtan et al. (2005a and 2005b); and Sun and Mishima
- Pressure Loss (2009)
Miiller-Steinhagen and Heck (1986)
head loss based on straight sections and 180 degree curves
in heat exchangers
- equivalent length Fox et al. (2004)

2.3.1 Condenser

The condenser used is a compact heat exchanger with tubes and louvered fins. It is responsible for exchanging heat
from the cycle to the hot reservoir, which is assumed here as the external air. The convective heat transfer coefficient of
air side is modeled using the correlations detailed by Wang et al. (1999) and derived for air being heated in a compact
louvered fin-and-tube condenser.

The convective heat transfer coefficient of refrigerant side must take into account the phase change along the
condenser tubes. The refrigerant enters the condenser as superheating vapor, and may exit as saturated or subcooled liquid.
For superheating vapor and subcooled liquid, the convective heat transfer coefficient is evaluated using Gnielienski
correlation, and the friction loss coefficient is evaluated using Haaland correlation, both described in literature (Incropera,
2011). In the region of two-phase condensing flow, five correlations are investigated: Shah (1979), Dobson and Chato,
Zhang, Cavallini, and Shah (2016). Shah (1979) proposed a correlation for several refrigerants, including R410A, for the
calculation of the average coefficient of heat transfer by convection in the region of complete condensation. Dobson and
Chato (1998) proposed an experimental study of heat transfer and flow regimes during the condensation of refrigerants,
including R410A in horizontal tubes. Zhang et al. (2004) proposed replacing R22 with R410A in simulation models of
an air conditioning system that mainly includes compressor, condenser, electronic expansion valve (EEV) and evaporator.
Cavallini et al. (2009) proposed a new simple model for predicting the heat transfer coefficient to be applied to
condensation in horizontal tubes of halogenated and natural refrigerants, pure fluids or quasi-azeotropic mixtures. Finally,
Shah (2016) proposed an updated version of his previous studies, which divided the heat transfer regimes into three parts
and became applicable to pressures up to near critical and flow rates from very high to extremely low.

2.3.2  Evaporator

The evaporator adopted is a compact heat exchanger with tubes and louvered fins. In the evaporator the room air is
refrigerated by changing heat with the cold refrigerant inside the tube. In the evaporator, as moist air is cooled, may occur
water condensation over tube and fin surfaces. Then, it must be considered the case in which evaporator coils work in wet
conditions. The heat exchanged by the air, c']m.r, is divided in two contributions, sensible heat, qm, and latent heat, ¢ war OF

(Wang and Lin, 2005),

dq,, = dq

air sen

+dq, (6)

The sensible and latent heat terms are modeled here, respectively, as,

Tr,air - TS,ext) (73)

dqsen - ( R(’)C[
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dqlm = p,,m‘rilg(Ts,ext)hDdAsup,ext(wr,air - ws,ext) (7b)

where 7.4 is the room temperature, Ty is the external surface, p;.qi- is room air density, and i;(7.ex) is the vaporization
latent heat of water at temperature 7;.... The quantity /p is the mass transfer coefficient due vapor condensing, w.qi- is
the umidity ratio of room air temperature, and w;.x is the umidity ratio of saturated air at external surface temperature.
Finally, R.. is the convective thermal resistance between the room air temperature and the external surface temperature,
which is evaluated as,

1 ®)

Re =
hE C dAsup, ext”]su P

The mass transfer, 4p, and the convective heat transfer, 4zc, coefficients are modeled using the correlations developed by
Wang et al. (2000) for compact louvered fin-and-tube heat exchangers in wet conditions.

It must be noticed that the external surface temperature is not previously known, and must be evaluated. The procedure
to evaluate 7. is presented in Figure 3. First, it is assumed that there is no humidity condensation, and the heat exchanged
is evaluated through Eq. (3). In order to verify if there is condensation, the heat rate evaluated is used to obtain the external
surface temperature, which is compared to dew point temperature for room air condition, 74,4 If the external surface
temperature is higher than the dew point temperature, there is no condensation and the heat rate, dq, is the heat exchanged
between air and refrigerant. Otherwise, the Newton-Raphson method is employed to obtain the correct external surface
temperature. First, it is assumed that the heat gained by the refrigerant equals the sum of sensible and latent heat. Secondly,
a guessed temperature is adopted with thermal resistance theory to evaluate the heat gained by the refrigerant, dg p while

the sensible and latent heats are evaluated using Eqs. (7a) and (7b). The Newton-Raphson method searches the
temperature that satisfies the equation, dq'ref = dq ,, + dqg,,, with a tolerance of 107

sen

dé 1s evaluated by Eq. (3)
assunung dg,, =0

3

T . 15 evaluated through
termal resistance

d{jrqrz ar"l]uir = d‘?:m + dq.‘c‘rr’

d § nr 15 evaluated using refrigerant
temperature and guessed T, .

Ao 15 evaluated through Eq. (7a)

dd,, 1s evaluated through Eq. (7h)

dép 1z =0 T o; 15 evaluated through Newton-
dq,., = dg Raphson method

Figure 3. Algorithm to evaluate external surface temperature.

Furthermore, in a VCS, the refrigerant enters the evaporator as a two-phase mixture and exits as saturated or
superheating vapor. As in the condenser, the convective heat transfer coefficient of refrigerant side must take into account
the phase change. For superheating vapor, the convective heat transfer coefficient is evaluated using Gnielienski
correlation, and the friction loss coefficient is evaluated using Haaland correlation (Incropera, 2011). In the region of
boiling two-phase flow, two correlations commonly adopted for refrigerant boiling flow are investigated: i) Wojtan:
Wojtan et al. (2005) modified the flow pattern map proposed by Kattan et al (1998) for horizontal pipes and proposed a
new approach to determine the dry angle; and ii) Sun-Mishima: Sun and Mishima (2009) developed a new correlation
based on the introduction of the Weber number in the Lazarek-Black correlation.
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2.4 Expansion Device

The expansion device, usually exemplified by the capillary tube, is responsible for reducing the pressure of the
refrigerant to the vaporization pressure. In order to simplify the mathematical model, we will consider that the assumed
expansion process will be an isenthalpic process, that is, a process that the system occurs without enthalpy change, having
h3 = hs, where points 3 and 4 are respectively the input and output of the expansion device.

2.5 Iterative process

Initially, the condensation and evaporation saturation temperatures and the condenser inlet temperature are estimated
through the degree of superheating. The flowchart of the iterative process adopts the following logical sequence, starting
with a pair of arbitrated values in a list T, (range of selected condensing temperatures) and 7., (range of selected
evaporation temperatures). The compressor calculates the initial values referring to consumed power, refrigerating
capacity and mass flow. If any of them is not positive, a new evaporation temperature is selected until this initial stage
converges. After this validation, the refrigerant enters the condenser, if the length of the two-phase phase is less than the
difference of the sum of the length of the condenser with the condensed vapor phase, Lrpc < (L. - Lyc), a new condensing
temperature is chosen to be tested, due to the condenser not having reached the subcooled liquid phase. After completing
the initial process of the condenser, verification of convergence is performed by comparing the energy balance on the
refrigerant side (initial value) with the output data of each model (balanced value) and a new cycle is performed until all
data converge with error smaller than 1%, using an exhaustive search to achieve such convergence. After the first
convergence, the refrigerant arrives at the evaporator, which has two validations: first the evaporator length, L., has to be
greater than the evaporated liquid length, L — L, and then the two-phase mixture length of the evaporator, Lrpg, must be
smaller than L. - L;g. Furthermore, if L7pg is equal to L. - Ly, the superheat value will have to be equal to zero, to converge
and proceed to the next step. Otherwise, a new 7Tevqp is required. After completing the initial process of the evaporator, the
convergence check is performed by comparing the energy balance on the refrigerant side (initial value) with the output
data of each model (balanced value) and a new cycle is performed until all data converge with error smaller than 107,
using an exhaustive search to achieve such convergence. After the second convergence, the refrigerant reaches the third
convergence part, where the initial mass flow is compared with the balanced mass flow by calculating the error. If it is
greater than 107, the calculation returns to the compressor and redoes all the process, until it reaches convergence in an
exhaustive search operation. Once the process fully converges, the COP is calculated.

3. RESULTS AND DISCUSSION

The air conditioning equipment considered in the present study it is the one described by Brochier (2014) and Bator
(2019), in which the geometric parameters of the condenser and evaporator are presented in Table 3. For the simulations,
the refrigerated room temperature is 26.7 °C and the ambient temperature is 29.9 °C, 35 °C and 40.4 °C. Other geometric
data of heat exchangers were based on Wang et al. (1999) and Wang et al. (2000), respectively. Following Brochier (2014)
and Soares (2018), air flow of 0.373 m?s and 0.172 m?®/s are assumed for the condenser and for the evaporator,
respectively.

Table. 3 — Geometric parameters of heat exchangers.

Condenser Evaporator
Inner Diameter [mm] 6.3 6.3
Outer Diameter [mm] 7.0 7.0
Number of Fins 658 340
Number of Tubes 22 12
Number of Tube Plates 1 2
Tube Length [mm)] 836.0 540.0
Width [mm] 836 540
Height [mm)] 475 259.1
Depth [mm] 12.7 27.2
Air cross sectional area [m?] 0.3971 0.1399
Airflow [m/s] 0.94 1.23
Fin thickness [m] 0.0001 0.0001
Fin area [m?] 0.005616 0.006124
Tube external area [m?] 0.016938 0.011127
Total air area [m?] 4.0680 2.3492
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Table 4 presents the numerical results obtained here for five experiments reported in Bator (2019) using frequency of
the compressor of 52 Hz. The dry bulb temperature, Tgs, of internal and external environment and the relative humidity,
¢, of internal environment in each case are also shown in Table 4. The relative humidity of external environment is 39.2%
for all tests. The evaluation of the RMS (Root Mean Square) is performed with the experimental data reported in Bator
(2019). Table 4 shows that the RMS of the present work are smaller than the numerical results from Bator (2019) for CF
and COP. Although the RMS value obtained here for Wcomp is higher, the results of the proposed model present
satisfactory agreement with experimental data.

Table. 4 — Results for validation.

Test Environment Experimental results Numerical results Simulated results
Internal External (Bator, 201 9) (Bator, 201 9)
Tgs ) Tgs CF Weomp | COP | CF | W,,, | COP | CF Weomp | COP
[°C] | [*] [°C] (W] [W] W] | [W] (W] | [W]
1 26.7 | 36.6 40.0 1984.1 865.4 2.3 2265 | 8674 | 2.6 | 18855 | 816.1 2.3
2 26.7 | 36.6 35.0 22759 | 799.8 2.8 2386 | 7744 | 3. | 21999 | 7463 2.9
3 26.7 | 513 40.4 2089.9 | 873.9 24 2405 | 870.0 | 2.8 | 1872.8 | 8214 | 2.3
4 26.7 | 513 35.0 24252 | 812.6 2.9 2519 | 7824 | 3.2 ]|22013 | 746.0 | 3.0
5 26.7 | 513 29.9 2767.8 | 740.7 3.7 2742 | 689.8 | 3.9 |]2708.7 | 676.5 | 4.0
RMS - - - - - - 199.9 | 28.9 0.3 1525 | 57.6 0.2

In Tables 5 and 6, simulations are done using some condensation/evaporation correlations in test 4 to calculate which
correlations give the lowest relative differences, Difrr. Table 5 shows that when boiling convective heat transfer is
evaluated adopting the Wojtan’s correlation, the smaller relative difference for COP and CF are achieved using Zhang
correlation for condensing heat transfer. Furthermore, Table 6 shows that smaller relative difference for COP and CF are
also achieved using Zhang correlation for condensing heat transfer when Sun and Mishima correlationis assumed for
boiling heat transfer coefficient.

Table. 5— Results with boiling correlation from Wojtan et al 2005.

Condensation Correlations mep [W] | Difra[%] | CF [W] | Difra[%] | COP | Difra[%]
Shah 1979 746.0 8.9 2201.3 10.2 2.95 1.0
Dobson ¢ Chato 1998 747.0 8.8 2195.8 10.5 2.94 1.4
Zhang et al 2004 742.5 9.4 2224.7 9.0 3.00 0.7
Cavallini et al 2009 745.2 9.0 2206.1 9.9 2.96 0.7
Shah 2016 748.8 8.5 2185.4 11.0 2.92 2.0
Experimental data - Test 4 812.6 - 2425.2 - 2.98 -

Table. 6— Results with boiling correlation from Sun and Mishima 2009.

Condensation Correlations mep [W] | Difra[%] | CF[W] | Difia[%] | COP | Difra[%]
Shah 1979 753.1 7.9 2147.0 13.0 2.85 4.6
Dobson ¢ Chato 1998 756.2 7.5 2126.6 14.0 2.81 6.0
Zhang et al 2004 743.4 9.3 2218.1 9.3 2.98 0.0
Cavallini et al 2009 761.1 6.8 2087.8 16.2 2.74 8.8
Shah 2016 755.3 7.6 2132.8 13.7 2.82 5.7
Experimental data - Test 4 812.6 - 2425.2 - 2.98 -

Figures 4 and 5 show the behavior of the internal convective heat transfer coefficient along the heat exchangers for
different correlations for boiling and condensation. Figure 4 shows that all condensation curves are similar, except for
Zhang correlation. Dobson and Chato captures a change in flow behavior at the middle of the condenser, resulting in a
suddenly reduction in the convective heat transfer. Shah (1979) correlation results in an almost constant value of
convective heat transfer along the condensation process. Also in Figure 4, one may notice that correlations from Cavallini
and Shah (2016) are able captures a reduction of the convective heat transfer as the quality vapor is decreasing. In Figure
5, using the Zhang correlation with the Wojtan and Sun evaporation correlations, the graph showed similar values.



27" ABCM International Congress of Mechanical Engineering
December 4-8, 2023. Florianoépolis, SC, Brazil

& Shah (1979) - Dobson <+ Shah (2016) Cavallini = Zhang‘ % Wojtan - Sun-Mishima

10000 2000 1 | 1 I 1 I I | | I
L LA
8000 b—

I 1600 |
- I =
T 6000 |- O : —
£ - £ 1200 DA

Eg E |
= 4000 — = |

i 800 !
2000 — | —
r i ' a

0 1 | I J 1 l | | 1l 400 1 1 I 1 | | 11
0 4 8 12 16 20 0 3 6 9 12 15

L [m] L [m]
(a) (b)

Figure 4. Refrigerant convective heat transfer in (a) condenser, and (b) evaporator.

As the pair Wojtan-Zhang provides relative difference smaller than 10% for the three quantities analysed, this pair is
considered here as the best and it is used for investigate the impact of different compressor frequency over the system
performance presented in Table 7. Results in Table 7 suggest that the frequency x COP correlations are inversely
proportional.

Table. 7- Frequency change with Zhang and Wojtan correlations.

Test W ey [W] CF [W] COP
44 Hz 586.45 2076.3 3.54
48 Hz 664.13 2148.8 3.23
52 Hz 742.53 22247 3.00
56 Hz 824.58 2287.9 277
60 Hz 908.11 2348.5 2.59

4. CONCLUSION

The present work carried out the influence of the modeling of the two-phase correlations of condensers and
evaporators, respectively. The latter, with the presence of moisture, through the discretization performed by the finite
difference method, using the Python language and the Coolprop database. After several simulations, it was concluded that
the obtained results were satisfactory to the experimental data of the literature and that the correlations of Zhang for
condensation and Wojtan for evaporation resulted in the most satisfactory agreement with experimental data from
literature. Furthermore, when changes were made to relative humidity, compressor frequencies and external temperatures,
the values obtained followed the same coherence as the analyzed works.
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