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Abstract
This paper presents the development of a variable
refrigerant flow (VRF) heat pump model aimed towards
multi-year simulations. The model is modular and allows
the simulation of any number of indoor and outdoor
units. Model parameters are inferred from a parameterestimation procedure on available manufacturer data.
The model is compared against data recorded from the
VRF system that serves the first floor of the ASHRAE
Headquarters Building in Atlanta, comprised of 22
indoor units and 2 outdoor units. Comparison results
show that the model predicts, for a daily time scale, the
total energy consumption during a 2 months cooling
period with a relative error, a normalised mean bias error
(NMBE) and a coefficient of variation of the root mean
square error (CVRMSE) of 4.1%, 7.9% and 20.9%,
respectively. The relative error between simulation
results and measured data for daily energy consumption
varies from 0.2% to 43% during weekdays.

Introduction
Variable refrigerant flow (VRF) heat pump systems
consist of an outdoor unit (condenser in cooling mode)
that supplies refrigerant to several indoor units
(evaporators in cooling mode) distributed through
different zones in a building. When equipped with a heat
recovery unit, VRF systems provide simultaneous
cooling and heating to different zones of the same
building with high efficiency. Depending on the
application and the building, VRF systems can have
different size, configuration, and mode of regulation.
Each of these parameters influences their operation and
performance (i.e., the energy consumption of the
system). There is a recognized need of validated
simulation tools that model their behavior to evaluate
their performance, facilitate their design, and support
their development.
VRF models range from detailed physics-based models
to equation-fit models with varying levels of accuracy
(Lin et al. 2015). Yan et al. (2012) developed a physicsbased model of a VRF with two indoor units (IU) by
adding a second evaporator to an existing singleevaporator air conditioning system model. The model
aimed to evaluate the effect of the refrigerant piping
length and the pressure drop on the system’s
performance. Zhu et al. (2014) implemented a modular

transient VRF model in TRNSYS then validated it using
data reported in literature. Validation data were collected
in a two indoor units VRF system operating in heating
mode during a one-week period. Results between the
simulation and experimental data showed a daily average
relative error of 7.9%, 12.5% and 6.2% for the capacity,
the power input and the coefficient of performance
(COP), respectively. A physics-based VRF model
developed in EnergyPlus and validated using field-test
data of an instrumented house showed a daily relative
error associated with the cooling energy consumption in
range of 10% (Hong et al., 2016). Comparison results of
the total energy consumption during a 17 days cooling
period returned, for an hourly time scale, a relative error,
a normalized mean bias error (NMBE) and a coefficient
of variation of the root mean square error (CVRMSE) of
2%, 2.8% and 14.6%, respectively. Sun et al. (2017)
developed a general VRF model using graph theory. The
model simulates systems with arbitrary layouts and
under various operating conditions including partial load
operation. Validation results against experimental data
collected in a two indoor units VRF system showed
deviations across all the modes (heating and cooling) of
3% and 3°C (5.4°F) for the capacity and the IU
temperature, respectively.
Physics-based models have been shown to predict VRF
behaviour with acceptable accuracy. However, they are
typically computationally expensive, making them
impractical for simulations of VRF systems with a large
number of indoor units. They also require inputs that are
not readily provided in manufacturer literature.
Empirical equation-fit models that use performance
curves based on manufacturer data are a less
computationally expensive approach. Sharma and
Raustad (2013) compared the total energy use, in both
heating and cooling, predicted by an equation-fit VRF
model implemented in EnergyPlus (Raustad, 2013),
against field-test data collected during a 5 months
operating period. Results showed that the relative error
of the daily energy use is in range of 25% while the
CVRMSE is 21%. The accuracy of Raustad’s model can
be improved with a proper calibration (Kim et al., 2018).
Experiments in an office building equipped with a VRF
system featuring 10 IUs showed that the hourly energy
consumption NBME and CVRMSE between the noncalibrated and calibrated models decreased from 10.9%
and 32.3% to 3.8% and 15.7%, respectively.
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This paper presents the development of a new VRF heat
pump model aimed towards multi-year simulations of
VRF systems with multiple indoor units. The model is
based on a simplified thermodynamic cycle and its
parameters are inferred from a parameter-estimation
procedure on available manufacturer data. The model
simulation results are compared against monitored data
from the HVAC Systems at the ASHRAE Headquarters
Building in Atlanta.

Model
Figure 1 presents the pressure-enthalpy diagram of the
simplified vapor compression cycle on which the VRF
model is based. As proposed by Jin (2002), such a cycle
has the benefit of reducing the number of model
parameters to ease the calibration procedure. It also
lowers the computational time since limited refrigerant
states need to be evaluated. The simplified cycle relies
on the following assumptions:


At the evaporator outlet (point B), the
refrigerant is leaving in a superheated vapor
state with a constant degree of superheating
(∆𝑇𝑠𝑢𝑝 ).



The sensible heat transfer due to the refrigerant
temperature change in the evaporator (from
point A to point B) is neglected, as it is small
compared to the latent heat transfer.



The refrigerant leaves the condenser (point C)
in a saturated liquid state.



An isenthalpic expansion is considered through
the electronic expansion valve (EEV).



The pressure drops within the refrigerant pipes
and the heat exchangers are neglected.

Figure 1 P-h diagram of the simplified vapor
compression cycle
Indoor unit model
The indoor unit (IU) is likened to an air-refrigerant heat
exchanger operating at a constant refrigerant

temperature and its behaviour is described using the
enthalpy potential method. In cooling mode, moist air
condenses when the coil surface temperature is lower
than its dew point. Thus, the outside surface of the coil
is considered fully wet, as proposed by Jin (2002). In
heating mode, there is no condensation and the IU
operates as a sensible heat exchanger. The IU model has
two parameters: the thermal conductance between the
moist air and the coil surface (𝑈𝐴𝑐 ) and the thermal
conductance between the refrigerant and the coil inside
surface (𝑈𝐴𝑟𝑒𝑓 ). When operating in cooling mode, the
total heat transfer between the air stream and the
refrigerant (𝑞̇ 𝐼𝑈 ) is the sum of sensible (𝑞̇ 𝑠𝑒𝑛,𝐼𝑈 ) and
latent (𝑞̇ 𝑙𝑎𝑡,𝐼𝑈 ) heat transfer:
𝑞̇ 𝐼𝑈 = 𝑞̇ 𝑠𝑒𝑛,𝐼𝑈 + 𝑞̇ 𝑙𝑎𝑡,𝐼𝑈

(1)

A global heat transfer coefficient of the wet heat
exchanger is defined to evaluate the total heat transfer of
the wet coil using the enthalpy potential method:
1
𝑈𝐴𝑤𝑒𝑡 =
𝑐
(2)
1
1
𝑝,𝑎,𝑠
+
𝑈𝐴𝑐
𝑐𝑝,𝑎 𝑈𝐴𝑟𝑒𝑓
NTU𝑤𝑒𝑡 = 𝑈𝐴𝑤𝑒𝑡 ⁄𝑚̇𝐼𝑈 𝑐𝑝,𝑎

(3)

ε𝑤𝑒𝑡 = 1 − 𝑒 (−𝑁𝑇𝑈𝑤𝑒𝑡 )

(4)

𝑞̇ 𝐼𝑈 = ε𝑤𝑒𝑡 𝑚̇𝐼𝑈 (ℎ𝑎 − ℎ𝑎,𝑐 )

(5)

where 𝑈𝐴𝑤𝑒𝑡 is the global heat transfer coefficient for
the total (i.e., sensible and latent) heat transfer, 𝑐𝑝,𝑎 is the
specific isobaric heat capacity of entering moist air, 𝑐𝑝,𝑎,𝑠
is the specific isobaric heat capacity of saturated air that
corresponds to the derivative with respect to the
temperature of saturated air enthalpy evaluated at the
refrigerant temperature, NTU𝑤𝑒𝑡 and ε𝑤𝑒𝑡 are the
number of transfer units for the total heat transfer and the
corresponding
heat
exchanger
effectiveness,
respectively, ℎ𝑎 is the enthalpy of moist air evaluated at
the inlet air dry bulb (𝑇𝐷𝐵,𝐼𝑈 ) and wet bulb (𝑇𝑊𝐵,𝐼𝑈 )
temperature, ℎ𝑎,𝑐 is the enthalpy of moist air evaluated at
the coil surface temperature and humidity. The sensible
heat transfer rate is evaluated by applying the ε-NTU
method and considering a uniform coil surface
temperature:
𝑞̇ 𝑠𝑒𝑛,𝐼𝑈 = ε′ 𝑚̇𝐼𝑈 𝑐𝑝,𝑎 (𝑇𝐷𝐵,𝐼𝑈 − 𝑇𝑐,𝑒𝑓𝑓 )

(6)

ε′ = 1 − 𝑒 (−𝑁𝑇𝑈𝑠𝑒𝑛)

(7)

NTU𝑠𝑒𝑛 = 𝑈𝐴𝑐 ⁄𝑚̇𝐼𝑈 𝑐𝑝,𝑎

(8)

where NTU𝑠𝑒𝑛 is the number of transfer units for sensible
heat transfer, ε' is the exchanger efficiency for sensible
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heat transfer and 𝑇𝑐,𝑒𝑓𝑓 is the effective surface
temperature of the coil. The coil effective surface
temperature is inferred from the corresponding specific
enthalpy of saturated air at the effective coil surface
temperature ℎ𝑎,𝑐,𝑒𝑓𝑓 :
ℎ𝑎,𝑐,𝑒𝑓𝑓 = ℎ𝑎 − 𝑞̇ 𝐼𝑈 ⁄𝑚̇𝐼𝑈 ε

′

(9)

In heating mode, the total heat transfer is evaluated by
using equation (5) where the wet coil efficiency is
replaced by the efficiency of a dry coil ε𝑑𝑟𝑦 :
1
𝑈𝐴𝑑𝑟𝑦 =
(10)
1
1
+
𝑈𝐴𝑐 𝑈𝐴𝑟𝑒𝑓
NTU𝑑𝑟𝑦 = 𝑈𝐴𝑑𝑟𝑦 ⁄𝑚̇𝐼𝑈 𝑐𝑝,𝑎
ε𝑑𝑟𝑦 = 1 − 𝑒

(−𝑁𝑇𝑈𝑑𝑟𝑦 )

(11)
(12)

where 𝑈𝐴𝑑𝑟𝑦 and NTU𝑑𝑟𝑦 are respectively the total heat
transfer coefficient and the number of transfer units for a
sensible heat exchanger.
Outdoor unit model
The OU model consists of two components: a heat
exchanger and a scroll compressor. The heat exchanger
operates as an evaporator in heating mode or as a
condenser in cooling mode. Thus, it is considered as a
sensible/latent heat exchanger or as a sensible heat
exchanger, respectively. The heat exchanger model is
then the same as for the IU model. As proposed by
Winandy et al. (2002), the compressor mechanical work
is a result of two successive processes: (1) an isentropic
compression at the built-in volume ratio and (2) an
isochoric compression to the discharge pressure :
𝑊̇𝑡 =

𝛾
𝛾
𝑝𝑐𝑜𝑛
̇
𝑝𝑒𝑣𝑎 𝑉𝑛𝑜𝑚𝑖𝑛𝑎𝑙
(
𝛾−1
𝛾 − 1 𝑝𝑒𝑣𝑎 𝑉𝑟
𝛾
1
+ 𝑝𝑟 𝛾−1 − 1)
𝛾

(13)

where 𝑊̇𝑡 is the theoretical compressor work, 𝑝𝑒𝑣𝑎 and
𝑝𝑐𝑜𝑛 are the evaporating and condensing pressure, γ is
the isentropic exponent of the refrigerant at the suction
̇
of the compressor, 𝑉𝑛𝑜𝑚𝑖𝑛𝑎𝑙
is the nominal refrigerant
volume flow rate, 𝑉𝑟 is the built-in volume ratio between
the discharge and the suction of the compressor and
𝑝𝑟 =𝑉𝑟 𝛾 is the built-in pressure ratio. The power input of
the compressor is given by:
𝑊̇ =

𝑊̇𝑡
+ 𝑊̇𝑙𝑜𝑠𝑠
𝜂

(14)

where η is the electromechanical efficiency of the
compressor and 𝑊̇𝑙𝑜𝑠𝑠 are constant power losses. The
evaporator heat transfer rate is evaluated from the

enthalpy difference of the refrigerant between points A
and B of Figure 1. It also takes into account the leakage
mass flow rate in the compressor, as proposed by Chen
et al. (2000):
𝑄̇𝑒𝑣𝑎 = (

̇
𝑉𝑛𝑜𝑚𝑖𝑛𝑎𝑙
𝑝𝑐𝑜𝑛
−𝐶
) (ℎ𝐴 − ℎ𝐵 )
𝜈𝑠𝑢𝑐
𝑝𝑒𝑣𝑎

(15)

where 𝑄̇𝑒𝑣𝑎 is the total evaporator heat transfer rate, 𝜈𝑠𝑢𝑐
is the refrigerant specific volume evaluated at the
evaporator pressure (𝑝𝑒𝑣𝑎 ) and outlet temperature
(𝑇𝑒𝑣𝑎 + ∆𝑇𝑠𝑢𝑝 ) at the suction of the compressor and C is
the leakage coefficient. The total condenser heat transfer
rate, 𝑄̇𝑐𝑜𝑛 , is obtained by an energy balance:
𝑄̇𝑐𝑜𝑛 = −(𝑄̇𝑒𝑣𝑎 + 𝑊̇ )

(16)

Global VRF heat pump system model
The IU and the OU models are implemented in
Modelica. The global VRF heat pump model consists of
the combination of an OU model and several IU models.
All IUs share the same refrigerant temperature. Global
VRF model parameters, comprised of all individual IU
and OU parameters, are unknown. The adopted approach
is to estimate model parameters by calibration using
published manufacturer performance data individually
for each of the IUs and OUs. For the IUs, available data
typically include latent and sensible capacities at
different airflow temperatures (dry bulb and wet bulb)
and flow rates. For the OUs, manufacturers typically
provide the power demand in addition to latent and
sensible capacities at different airflow temperatures. The
calibration procedure implies two parameters (𝑈𝐴𝑐 and
̇
𝑈𝐴𝑤𝑎𝑡 ) for each IU and 8 (𝑈𝐴𝑐 , 𝑈𝐴𝑟𝑒𝑓 , 𝑉𝑛𝑜𝑚𝑖𝑛𝑎𝑙
, 𝑉𝑟 , 𝐶,
̇
𝜂, 𝑊𝑙𝑜𝑠𝑠 and ∆𝑇𝑠𝑢𝑝 ) for each OU.
A parameter estimation procedure using Modelica based
component models of IUs and OUs is implemented in
Python. The parameter estimation procedure aims to
minimize the sum of square errors of the sensible and
latent capacities for IU models and of the total capacity
and power demand for the OU models. More details on
the parameter estimation procedure and calibration
results can be found in Mbaye and Cimmino (2021).

Model comparison
ASHRAE HQ data
The VRF heat pump system simulation results are
compared against monitored data from the HVAC
Systems at the ASHRAE Headquarters Building located
in Atlanta. As a “living laboratory”, the ASHRAE HQ
building is highly instrumented especially with regards
to the HVAC system where operating data (e.g., indoor
and outdoor temperatures, setpoints, power usage) is
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measured and recorded. Details about the complete
building HVAC system, control strategies and
performance are presented by Southard et al. (2014a,
2014b). The data used in this study consists in measured
data from the VRF system that serves the first floor of
the building, comprised of 22 IUs and 2 OUs. They were
collected during two years of operation from July 1, 2011
to June 30, 2013. Two VRF heat recovery units with a
cooling capacity of 49 kW (168 kBtu/h) each condition
the office areas and conference rooms. 22-ducted IUs of
various capacities are connected to a 3-pipe heat
recovery system and operate at a constant airflow rate
when the coil is on. The HVAC system also includes a
dedicated outdoor air system (DOAS) that supplies fresh
air to the thermal zones.
For most of the zones, data collected for each IU include
zone temperature, individual unit operating status
(On/Off), occupation status, operating mode (heating or
cooling), airflow rate (low or high), and discharge air
temperature. Data points for airflow rate, zone
temperature, and discharge temperature are recorded
every 15 minutes while data points for operating mode,
operating status and occupation status are recorded on
change. Data of the total VRF electric power use and the
outdoor air temperature are collected every 5 minutes.
Available data also includes engineering data,
manufacturer, operation and installation manuals for all
of the equipment models in the HVAC system.
Calibration results
The 22 IUs are from only seven different types. Model
parameters of each IU type are inferred from the
parameter-estimation procedure using manufacturer
data. As we are interested to compare the VRF model to
data in cooling mode, model parameters are evaluated
only for an operation in cooling mode.
Table 1 shows the calibration results for the 7 IU types
including the operating mass flow rate in cooling mode.
The two OUs have a cooling nominal capacity of 49 kW
(168 KBtu/h). For cooling operation, the OU heat
exchangers operate as a condenser. Thus, the calibrated
parameter is the global thermal conductance of the coil
(𝑈𝐴𝑐 ). Calibration results of the OU are shown in
Table 2.
Model comparison procedure
The global VRF system model is simulated in cooling
mode using the operating condition recorded in the
building. We consider a simulation period of 60 days
going from July 1, 2011 to August 29, 2011. Even
though the VRF system is equipped with a heat recovery
unit, the system operates strictly in cooling mode during
this period. The model will be extended to heat recovery
operation in future work. The key inputs to the VRF

simulation are the outdoor air temperatures, OU airflow
rates, return air temperatures and flow rates to each zone.
Zone temperatures and discharge air temperatures are the
only recorded temperatures in the thermal zones. These
temperatures are generally different to the required input
of return air temperature.
Table 1 Indoor units calibration results
Nominal
Capacity
[kW]
(kBtu/h)
2.05
(07)
3.52
(12)
5.28
(18)
7.03
(24)
8.80
(30)
10.55
(36)
14.07
(48)

Number
of IUs

1
9
6
1
2
2
1

Nominal
Flowrate
[l/s]
(cfm)
122.7
(260)
160.5
(340)
250.1
(530)
349.2
(740)
325.6
(690)
481.2
(1020)
599.4
(1270)

𝑼𝑨𝒄
[W/K]
(Btu/hr°F)
383
(726)
301
(570.5)
424
(803.7)
614
(1163.9)
485
(919.4)
896
(1698.4)
1316
(2494.6)

𝑼𝑨𝒓𝒆𝒇
[W/K]
(Btu/hr°F)
582
(1103.2)
692
(1113.7)
1270
(2407.3)
1178
(2233.0)
1193
(2261.4)
2069
(3921.9)
1454
(2756.2)

Table 2 Outdoor unit calibration results
Parameters

Values

𝑈𝐴𝑐 [𝑊 ⁄𝐾] (Btu/hr − °F)

52436.3 (99398.3)

𝑉̇𝑛𝑜𝑚𝑖𝑛𝑎𝑙 [𝑚3 ⁄𝑠] (𝑈𝑆 𝑔𝑝𝑚)

0.00953 (151)

𝑉𝑟 [−]

2.87

𝐶 [𝑘𝑔⁄𝑠] (𝑙𝑏/𝑠)

0.00022 (0.000485)

𝜂 [−]

0.71

Ẇ𝑙𝑜𝑠𝑠 [𝑊] (𝐵𝑡𝑢/ℎ𝑟)

108.81 (371.27)

∆𝑇𝑠𝑢𝑝 [°𝐶] (°𝐹)

0.85 (1.53)

For eight of the zones, the DOAS supplies fresh air into
the zone separately, so the return air consists entirely of
zone air. However, for the remaining zones, fresh air
from the DOAS is mixed with the return air supplied to
the IUs. In such case, the return air temperature is
unknown. Southard et al. (2014b) attempted to estimate
its value and results showed that return air temperatures
averaged 1.6 °C (2.8 °F) lower than zone temperatures,
but the data showed too much scatter to support a
meaningful correlation. Thus, return air temperatures are
assumed to be equal to the measured zone temperatures
for all zones.
Zone humidity is another important input to the VRF
simulation model. Unfortunately, it is not recorded in
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any of the thermal zones. A return air relative humidity
of 50% is set for all the IUs. This value corresponds to
the recommendation from the ASHRAE Standard 55 for
an operative temperature in the range of 23 °C (73.4 °F)
to 26 °C (78.8 °F) in cooling.
Results
The total energy consumption of the VRF recorded
during the cooling period is compared to the simulation
results. Figure 2 shows a comparison between measured
and simulated VRF power input for a typical week. The
selected week corresponds to the second week of the
simulation period, which goes from July 9 to July 15,
2011. A good fit between measured and simulated results
is observed, especially for weekdays (first five days of
the figure). During the weekend (last day of the figure),
the VRF simulated power is higher than the values
measured. This trend remains for the entire cooling
period. Results also show that the model is able to
capture the demand peaks, but the power variation is
smoother than in the measured data.

Figure 2 Comparison between measured and simulated
VRF power input for a typical week.

Figure 3 Daily relative error between measured and
simulated VRF Energy.
Evaluation of the daily energy consumed shows a wide
scattering of the relative error between the simulation
results and the measurements (Figure 3). The error varies
from 0.2% to 43%. If we consider the complete cooling

period, for a daily time scale, the relative error between
the VRF total energy consumed and the measured energy
drops to less than 4.1%. Table 3 shows the statistical
errors of the comparison results for a daily time scale and
for the instantaneous data (5-minute time scale). Based
on the instaneous data, the CVRMSE and NBME are
33.5% and 4.5% respectively; and for a daily comparison
the errors are 20.9% and 7.9%, respectively. For
reference, the calibration criteria limits from ASHRAE
Guideline 14 (2014), for an hourly time scale are 30%
and 10% for the CVRMSE and NBME respectively.
Table 3 Statistical errors of the comparison results
5 min.

CVRMSE [%]
33.5

NBME [%]
4.5

Daily

20.9

7.9

Discussion
From the typical week comparison pattern, the VRF
model proved to be fairly accurate in predicting the
compressor power variation trend, including capturing
the peaks and evaluating the total energy consumed
during the cooling period. By taking a closer look at the
comparison between the simulated results and the
measured data, it can be noted from Figure 2:
(1) There is a significant gap on the power peaks
between the model and the measured data. This
indicates that the model can be improved to
better capture the dynamic behaviour of VRF
systems, especially during startup periods, based
on the applied control strategies.
(2) The VRF model appears to react quickly when
the first IUs start running during startup period
(morning warm-up) and then the power starts
varying smoothly when new IUs are turning
on/off. On the other hand, the measured power
varies instantaneously with the variation of the
number of active IUs (Figure 4). This means that
the OUs control system defines the compressors
operation status by taking into account the
number of active IUs. The ASHRAE HQ VRF
system features 4 compressors while the model
uses one equivalent compressor that has a
̇
𝑉𝑛𝑜𝑚𝑖𝑛𝑎𝑙
equal to the value of the 4 compressors
combined. This is the why, for small capacities
(i.e., low number of active IUs), when not all
compressors of the VRF system are turned on,
the simulated power is higher than the measured
value. The model extension towards the use of
multi-compressors will help capture this
behaviour. It will also require the development
of an adequate capacity control strategy for the
compressors on/off signal.

© 2022 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

370

(3) The IU return air temperature is unknown and is
estimated to be equal to the zone temperature.
Since fresh air temperature is lower than zone
temperature, the estimation tends to increase the
VRF power consumption. For instance, when all
22 IUs are running with an outside air
temperature of 30 °C (86 °F) and return air
humidity of 50%, the model simulated power
decreases by 7.7% when all return air
temperatures decrease from 20 °C (68 °F) to 15
°C (59 °F). Moreover, since the return air
temperature is unknown, an accurate evaluation
of the actual zones cooling capacity is not
feasible, as no other related parameter is
measured. Thus, the collected data are not
suitable for a proper model comparison based on
the capacity.

Figure 4 Daily power variation according to IU
activation.
(4) The mixed air relative humidity is set at 50%. In
fact, its value is not constant and can vary during
the day, especially when IUs are first turned on.
As a lower air relative humidity decreases the
power consumption, the uncertainty on the
humidity can explain the differences in the
results notably during the weekend. For
example, when all 22 IUs are running with
outside and return air temperatures of 30 °C
(86 °F) and 20 °C (68 °F) respectively, the
model simulated power varies by 13.4% when
the relative humidity goes from 0% to 100%.
Moreover, the building is less occupied on
weekends meaning that the zones latent load is
lower. Thus, the return air relative humidity
decreases which adds further explanation on the
differences between the simulated results and the
measured data.
(5) The simplified vapor compression cycle for the
VRF model makes the assumption, among
others, of no pressure drop in the refrigerant
piping lines. To help increase the model

accuracy, in addition to the implementation of
multi-compressor operation with a dedicated
control strategy, taking into account the effect of
the pressure drop is necessary. Pressure drops
affect the capacity of indoor and outdoor units,
and thereby impact the required power at the
compressor and the overall COP of the system.
As noted by Yan and al. (2012), an increase in
the refrigerant piping length from 2 m to 20 m
will reduce the COP of a two IU VRF system by
7.7%.

Conclusion
The presented VRF model is based on a simplified vapor
compression cycle and its parameters are inferred from a
calibration procedure on available manufacturer data. IU
and OU models were implemented in Modelica and the
calibration procedure was implemented in Python. The
model simulation results were compared against
monitored data from the ASHRAE Headquarters
Building in Atlanta. Comparisons between simulation
results and measured data showed that the model
accurately predicts, for a daily time scale, the total
energy consumption during the 2 months cooling period
with a relative error, a NMBE and a CVRMSE of 4.1%,
7.9% and 20.9%, respectively. A maximum error of 43%
were observed for the VRF system daily energy
consumption. Building upon the presented VRF system
model, a new VRF Heat Recovery (VRF-HR) model is
in development to allow the simulation of simultaneous
heating and cooling operation. The VRF-HR model will
be validated using the complete data recorded from the
ASHRAE Headquarters Building. Future work will also
be devoted to improving the accuracy of the developed
model, including its dynamic response in peak demands.
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Nomenclature
𝑄̇ , 𝑞̇

= Heat transfer rate

𝑈𝐴

=

𝑐𝑝

=

NTU =

𝑝

=

Pressure

Thermal
conductance

𝜂

=

Efficiency

Isobaric heat
capacity

𝑉

=

Volume

Number of transfer
unit

𝐶

=

Leakage
coefficient

𝑊̇

= Power

𝑉̇

=

Volume flow
rate

𝑚̇

= Mass flowrate

ε

=

Effectiveness

ℎ

= Enthalpy

𝑇

=

Temperature

𝛾

= Isentropic exponent

Subscripts
𝑠𝑒𝑛

= Sensible

𝑒𝑣𝑎

=

Evaporator

𝐷𝐵

= Dry bulb

𝑡

=

Theoretical

𝑤𝑒𝑡

= Wet

𝑐𝑜𝑛

=

Condenser

𝑟𝑒𝑓

= Refrigerant

𝑙𝑜𝑠𝑠

=

Loss

𝑒𝑓𝑓

= Effective

𝐷𝐵

=

Dry bulb

𝑙𝑎t

= Latent

𝑎

=

Air

𝑊𝐵

= Wet bulb

𝑠

=

Saturation

𝑐

= Coil
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