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2.3.1 Compressor

The compressor adopted in the system is a small electric compressor with a high-revolutions per
minute (RPM) regime. Its volume displacement is 36 cm?® and its idle angular speed is 7600 RPM.
To model this component the submodel “tpf compressor tpf pump [TPFPUCOMPO00]” has been
used (Fig. 2.4), which can be characterized by volumetric, isentropic and mechanical efficiencies
definition for mass flow rate and enthalpy loss.

Fig. 2. 4: Element adopted for the modelling of the compressor; list of external variables and parametrization.

These efficiencies can be supplied as:

X A constant, if they do not depend on any variable.

X An expression (2D, 3D, 4D table) of the compression ratio tau [null] and the rotary speed

of the machine N [rev/min], X1 and X2 which are optional user defined inputs.

Performances of the compressor characterizing the isentropic and volumetric efficiencies as a
function of the compression ratio and of the rotary speed, while assuming the mechanical efficiency
to be 0.9, have been determined using FCA data. This is shown in Fig. 2.5 and Fig. 2.6, respectively.
In this submodel the volumetric efficiency is used to compute the outlet mass flow rate as shown
in Eq. 2.1:
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dm, =1, -p,-N-disp (2.1)

where 7, is the volumetric efficiency; p,; is the suction density; N is the rotary speed of the
compressor and disp is the compressor displacement. On the other hand the enthalpy increase
through the compressor is calculated from the expression of the isentropic efficiency, shown in Eq.
2.2:
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Fig. 2. 5: Isentropic efficiency (Y) defined as a function of the compression ratio (X1) [null] and the angular speed (X2)
[RPM].
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Fig. 2. 6: Volumetric efficiency (Y) defined as a function of the compression ratio (X1) [null] and the angular speed
(X2) [RPM].

2.3.2 Condenser

The modelling of the heat exchanger is a more complex step, since after the accurate geometrical
parametrization it is necessary to calibrate the thermodynamic performances on the air side,
optimizing the coefficients of the Nusselt correlation responsible of the calculation of the heat
transfer.

The condenser used in the system is a four pass, one row microchannel tube and fin heat exchanger
of dimensions 620x313.25 mm with an integrated receiver. This component has been represented
with the submodel “ACMCTF0” which allows the user to build the complete heat exchanger (Fig.
2.7) using different pass elements to achieve the correct configuration. The parametrization of the
condenser is performed at two levels: a set of global data defined in “ac_mctf_global_data
[ACMCTFO0]”, completed by a second group of specific data for each pass element (Fig. 2.8). The
set of global data required to geometrically parametrize the condenser are: finned tube width, finned
tube depth, collector cross-sectional area, refrigerant side cross-sectional per tube, refrigerant side
hydraulic diameter, fin pitch, fin thickness, fin length, tube periodicity, external tube height.

This parametrization is completed in the pass elements where it is necessary to define the number

of tubes for each pass.
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Fig. 2. 7: Model of the condenser connected with the heat exchanger (HEX) calibration tool.

Submodel

ACMCTFREF1

reference part of a micro channel tube and fins heat
exchanger (configuration 1)

ac_mctf_refl [ACMCTFREF1]

reference part of a micro
channel tube and fins
heat exchanger
(configuration 1)
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Fig. 2. 8: Element adopted for the modelling of each pass element of the condenser; list of external variables and

parametrization (the pass shown is the fourth).
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The function of the integrated receiver is to gather and filter the working fluid allowing only the
refrigerant in liquid phase to proceed. Ideally, this harvest operation is adiabatic and the refrigerant
is not exchanging any heat with the environment during the process. On this purpose, this compent
has been modelled using the element “tpf_st_chamber [TPFSCHO00]” (Fig. 2.9). This submodel is
a stratified chamber with an imposed heat flow rate (in the considered case null heat flow rate), in
which three variables are observed independently of the state of the fluid: chamber temperature,
liquid volume percentage and refrigerant charge. The mass and energy conservation equation are
solved receiving as input the enthalpy and mass flow rates at ports 1 and 3 and an external heat
flow rate at port 2. Since in this case the external heat flow rate is assumed to be null, the mass and
enthalpy flow rates should remain constant. The pressure is considered to be homogeneous in the
entire volume, while the densities of the liquid and vapor phases of the refrigerant are assumed

homogeneous in their respective volumes.

Submodel

tpf_st_chamber [TPFSCHOO] External variables

i
|-_-::_;| stratified chamber with

imposed heat flow rate

©

TPFSCHOO Parameters
stratified chamber with imposed heat flow rate (C) Title Value Unit Tags
For variables which have a direction associated with them, index of fluid 1
a positive sign is in the direction of the arrow. initial pressure Ini_P_C barA
initial percentage of liquid volume 100 %
T d volume 100 cm**3
degC W chamber height ChamberHeight mm
< barA 7 height at port 1 ChamberPort1Height mm
« kg/m**3 — barA height at port 3 ChamberPort3Height mm
« tpfnull 3—'_w'| — kg/m**3
—-w t___.—{z — tpfnull
= kg/s —W Save
ikdls Load
Help Close Help Options >>

Fig. 2. 9: Element adopted for the modelling of the integrated receiver; list of external variables and parametrization.

Furthermore, in the micro channel tube and fins heat exchanger global data submodel it is also
fundamental to define the correlations characterizing the pressure drop in the refrigerant side and
the heat transfer on both refrigerant and air side. The total static pressure gradient along the channel
tube can be characterized by the choice of a frictional pressure loss gain (kg,,) and can be expressed
as shown in Eq. 2.3 as a sum of respectively a friction pressure drop term, an acceleration pressure

drop term (due to changes in the fluid’s density) and a gravity contribution term:
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= (@), (@), (@) =

Where:

(@), = (&), (@), 2

On the other hand, in order to regulate the heat exchange it is necessary to define a thermodynamic

Freg

correlation for the Nusselt number for both the fluids, shown in Eq. 2.5. While on the refrigerant
side the simplicity of the geometry of the case considered, a tube, allows to use a well-known
correlation (Gnielinski) and a heat transfer gain (kHeat), on the air side it is fundamental to develop
a correlation in the form (2.5), which fits the specific situation considered.

Nu = NuA * ReNUB x pyNuc (2.5)

In order to achieve an optimal match between the thermodynamic performance of the virtual
condenser and the real one, experimental data are necessary. This match is defined in terms of heat
rejection and refrigerant side pressure drop performed by the heat exchanger, which are coupled
phenomena as the pressure drop modifies the saturation pressure of the refrigerant affecting the
heat rejection, which drives the state of the fluid affecting the friction occurring. The calibration
tool allows the user to run an iterative optimization process to find the parameters that best match
experimental data.

The calibration tool acts on the values of NuA, NuB and NuC of the correlation, on the internal
heat transfer gain (kHeat) and on the pressure drop gain (kdP). As we can see in Fig. 2.10, the
calibration tool performs an optimization batch run of these parameters using as input of the model
the experimental test data provided by the supplier (air velocity, temperature and relative humidity;
refrigerant inlet temperature, mass flow rate and inlet pressure) and minimizing the deviation
between the simulation results and the experimental ones. The optimization process adopted has
been created by Amesim and it relies on built-in mathematical models to predict the moment of
external heat exchange saturation as the outlet temperature of the air cannot overcome the wall

temperature of the condenser. The tolerance for the deviation on the heat rejection is very strict
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with acceptable values below 4-5%. On the other hand the tolerance on the refrigerant pressure

drop is more relaxed, as shown in Fig. 2.10.

Fixed boundary conditions

Air pressure at inlet [barA] 1.013
Orifice diameter at refrigerant inlet [mm] 10
Orifice diameter at refrigerant outlet [mm] 10
Constant value for ¢ in Nu = a.Re~b.Pr~c [null] 0.4
Minimum Nusselt value [null] 0.0001

Simulation(s) parameters

O single run @ Perform optimization process | &%
ain Nu = a.Re~b.Prrc 0.12318
b in Nu = a.Re”b.Prc 0.727229

[V]  kdP (refrigerant side) 0.780179

[v] kHeat (refrigerant side) 5.12959

& Launch optimization process
Step 2/2: finished
100%

Besta 0.1232 Bestb 0.7272 Best kdP 0.7802 Best kHeat 5.1296

single run: a=0.0800, b=0.7500, kdP=5.5000, kHeat=1.0000 v

Variable boundary conditions

Simulation results

Simulated with a = 0.1232, b = 0.7272, kdP = 0.7802, kHeat = 5.1296
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[null]
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8
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BRAL AL+ + 4
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5 2.0000 45.0000 27.0000 100.0000 128.0000 19.4000 6.8000 0.4800 6.8597 0.8777 0.4838 0.7964
6 3.0000 45.0000 27.0000 100.0000 162.0000 19.4000 8.7000 0.7500 8.7347 0.3986 0.7417 -1.1025
7 4.0000 45.0000 27.0000 100.0000 190.0000 19.4000 10.2000 1.0100 10.3161 1.1380 0.9929 -1.6978
8 5.0000 45.0000 27.0000 100.0000 215.0000 19.4000 11.6000 1.2800 11.7106 0.9531 1.2492 -2.4049
9 v
Help Close

Fig. 2. 10: Calibration of the thermodynamic performances of the condenser using the heat exchanger calibration tool

provided by Amesim.

2.3.3 Thermostatic expansion valve (TXV)

The thermostatic expansion valve is a metering and pressure regulating device used to control the

mass flow rate of refrigerant going through the evaporator in order to maintain a constant superheat
at its end. The submodel used is “ac_txv [ACTEVSBO02]” which is a TXV with integrated thermal

sensing bulb that controls the refrigerant flow regulating the valve lift due to a force balance acting

on a rod via a diaphragm. In fact, as it can be observed in Fig. 2.11 the component receives the

refrigerant coming from the condenser on port 4 and releases it from port 1, while the integrated

sensing bulb receives the refrigerant from the evaporator at port 2 delivering it towards the

compressor at port 3. Between port 1 and port 4, a variable resistive element is considered and its

operations depend on the force balance acting on the rod.
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Submodel

ac_txv [ACTEVSB02] External variables

thermal expansion valve
(four dimension
diagram) with integrated

| sensing bulb
Parameters
Title Value Unit | Tags
®) bulb temperature 43.33 degC
index of fluid 1
maximum valve lift 0.8 mm
reference high pressure third quadrant PHigh barA
reference low pressure in third quadrant Plow barA
reference subcooling in third quadrant 5 degC
pressure offset at 0 degC 0 barA
time constant 5s
ACTEVSB02 v [ first quadrant AMETable @l
thermal expansion valve (four dimension diagram) :rlterpolatson type Im_ear
with integrated sensing bulb |rlear d.ata. out of r.ange mode ...apolatlgn
discontinuity handling active
For varisbles which have a direction associated with them, filename of first quadrant curve for valve opening ... ...nt.datg .
a positive sign is in the direction of the arrow. v [O second quadrant AMETable®
interpolation type linear
linear data out of range mode ...apolation
“w — barA discontinuity handling active
“ka/s — kg/m**3 filename of second quadrant curve for evaporator... ...nt.data
— barA  [2 3|— tpfnull v [ third quadrant AMETablef
— kg/m**3 —Ww interpolation type linear
— tpfnull SIS « kgfs linear data out of range mode ...apolation
—W S W discontinuity handling active
b3 j/ ‘\:_) e filename of third quadrant curve for mass flow rat... ...nt.data
— barA 1 4|e—= barA
— kg/m**3 « kg/m**3 Save
— tpfnull « tpfnull Load

Close Help Close Options >>

Fig. 2. 11: Element adopted for the modelling of the thermostatic expansion valve; list of external variables and

parametrization.

Normally, the TXV characteristic curves are described in a 4-quadrant diagram (Fig. 2.12). The
four quadrants are:
1. The valve opening curve and the refrigerant saturation curve as a function of thermal
sensing bulb fluid (evaporator outlet temperature and pressure),
2. The evaporator outlet pressure as a function of the valve lift for different constant
temperature values,
The evolution of the reference mass as a function of the valve lift,
4. The evolution of the reference mass flow rate as a function of the evaporator outlet
temperature.
In both the third and fourth quadrants the reference mass flow rate is limited to a maximum value
and it is necessary to set the reference value for the high pressure (at the TXV inlet) and the low
pressure (at the TXV outlet). Furthermore, since these curves depend on each other, the fourth

guadrant can be deduced from the first and third quadrant, as can be seen in Fig. 2.11.
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