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A study on optimizing the energy consumption of a cold storage cabinet

Özgün Sakallı a,⇑, Hüsnü Kerpiççi a, Lütfullah Kuddusi b

aArcelik A.S., 34950 Istanbul, Turkey
b Istanbul Technical University, 34437 Istanbul, Turkey

h i g h l i g h t s

� Energy efficiency of household refrigerators is investigated.
� The investigated parameters are airflow rate and evaporator temperature.
� Experiments are carried out and a simple computational model is built.
� Heat gain calculations of the refrigerator cabinet are also included in the model.
� The model outputs are validated by the experiment results.
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a b s t r a c t

Refrigerators are cold storage cabinets used to store food. Run time ratio is an important factor contribut-
ing to the refrigerator energy consumption. An experimental study is presented, in which the parameters
affecting the run time ratio of the freezer compartment of a ‘‘no-frost” household refrigerator is taken into
account. Evaporator temperature and air flow rate are chosen as investigated parameters. The experi-
ments are conducted in a setup where these parameters can be controlled. The freezer compartment is
loaded with test packages according to the relevant refrigerator energy consumption testing standard.
A simple mathematical model is built by which the run time ratio of a freezer compartment can be cal-
culated according to other input parameters (such as insulation, and volume). The total energy consump-
tion of a two-door refrigerator having fresh food storage and freezer compartments can also be calculated
using this mathematical model. The compressor and fan power consumption data are used to estimate
energy consumption using the run time ratio. The experimental results are compared with the results
obtained from the mathematical model for validation. The effects of the chosen parameters on the refrig-
erator total energy consumption are presented.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Energy efficiency has been an important issue as the depletion
of resources and global warming are coming up to critical levels.
An important portion of electricity consumption is comprised of
household consumption. Refrigerators and freezers are seen to be
major contributors to household electricity consumption by a ratio
of 14–19% [1]. Therefore it can be concluded that an improvement
in the energy efficiency of household refrigerators can result in
considerable amounts of energy saving. It is estimated that an
energy saving up to 6 TWh per year can be obtained by the year
2020, if ecological design and energy labeling policies are
implemented successfully [2].

Refrigeration system optimization is an important asset in
reducing energy consumption of a refrigerator by improving effi-
ciency. Various parameters existing in a refrigeration system such
as heat exchanger dimensions and flow rates of fluids can be cho-
sen during the design of the refrigeration unit. In order to improve
energy efficiency the parameters should be chosen correctly. Some
of these parameters can be modified easily without causing a sig-
nificant difference in product cost or production process of the
refrigerator.

2. Literature research

Various studies have been conducted to interpret the refrigera-
tion system in a household refrigerator. Some experimental studies
have been conducted to assess the effect of system parameters on
cooling performance. Also, some other studies focus on predicting
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the energy consumption of refrigerators using either theoretical or
semi-empirical approaches.

One of the most important components of a no-frost refrigera-
tion system is the evaporator. Finned-tube type evaporators are
widely used in no-frost refrigerators. It is, hence, critical to predict
the performance of such evaporators for determining the perfor-
mance of a refrigeration system. Karatas et al. [3] and Barbosa
et al. [4]. carried out experimental studies on determining the
aerodynamic and heat transfer performance of no-frost refrigerator
evaporators. In both studies, water was used as media for the
refrigerant side and air was used as media in the air-side of the
evaporator. The experimental setups were similar: a temperature
controlled water bath is used to provide desired condition of the
water and evaporators were placed inside a wind tunnel. Different
evaporator geometries were tested and air flow rate was also con-
sidered as a parameter in the experiments. The heat transfer coef-
ficient and the friction factor were correlated in terms of Reynolds
number and finning factor (Colburn-j factor):

j ¼ 0:6976Re�0:4842
a e�0:3426 ð1Þ

Finning factor, e, is defined as the total tube outer area over the
total outside area of the heat exchanger:

e ¼ Ao=Ato ð2Þ

Rea is the air side Reynolds number and is defined as:

Rea ¼ doGa;max

la
ð3Þ

Here, Ga;max represents the maximum mass flux of air and la is the
viscosity of air. Another correlation has been determined in order to
calculate the air-side pressure drop through a no-frost fin-tube
evaporator:

f ¼ 5:965Re�0:2948
a e�0:7671ðN=2Þ�0:4436 ð4Þ

A study has been conducted by Hermes et al. [5] so as to predict
the energy consumption of a refrigerator using the given input
conditions. A simple model has been built using steady-state sim-
ulation. This model, while avoiding the computational costs of a
dynamic simulation code, provides an energy consumption predic-
tion in agreement with the Association of the Home Appliance
Manufacturers (AHAM) energy consumption tests within±5% devi-
ation band. Runtime ratio of an on-off cycling refrigerator has to be

calculated to estimate the energy consumption. The runtime ratio,
s, gives the ratio of compressor running period, son, to the total
cycle time (sum of compressor on and off periods):

s ¼ son
son þ soff

ffi Qt

Qe
ð5Þ

As the steady state simulation suggests, the thermal load, Qt ,
and the cooling capacity, Qe, are assumed to be constant during
the cycling regime. If the power consumption, cooling capacity
and the thermal loads are known, the overall energy consumption,
in [kWh/month] can be calculated with the help of the runtime
ratio. The power consumption is the sum of the power required
by the compressor and the fans in the refrigerator.

In the study conducted by Kerpicci et al. [6], an experimental
setup is built in order to evaluate the energy consumption of a
freezer compartment. An empirical model is built to estimate the
runtime for varying evaporation temperature and air flow rate
values. The results showed that when these parameters are
optimized, up to 13.8% energy saving could be achieved.

In another experimental study by Ghandiri and Rasti, the effects
of various refrigeration system components in household refriger-
ator energy consumption were investigated [7]. The results
showed that a reduction of 23.6% in energy consumption was pos-
sible by decreasing compressor capacity. Hot-wall condenser
removal and increasing condenser air cooling increment led to
refrigerant charge reduction. Replacing 0.028 in diameter capillary
tube with 0.031 in alternative also led to better performance.

A parametric experimental study was conducted by Boeng and
Melo in order to evaluate the effect of refrigerant charge and
expansion restriction on household refrigerators [8]. After a total
of 95 energy consumption measurements, it was concluded that
an increase up to 30% in energy consumption was possible in case
of improper selection of the investigated parameters.

Improving the efficiency of the refrigeration system is the main
factor for reducing the energy consumption of household refriger-
ators. In order to improve efficiency, compressors having higher
coefficient of performance (COP) and larger heat exchangers can
be used. However, these components can increase the cost of the
refrigerator and even reduce the useful volume which could be
used to store food. A simpler and virtually cheaper way of improv-
ing refrigerator efficiency is to optimize system parameters. Some
system parameters, such as evaporation temperature and the flow
rate of the air that is blown through the evaporator, can be easily
changed by minor modifications on system components (i.e. capil-
lary tube and fan motor). In this study, these two parameters are

Nomenclature

3D 3-dimensional
A area
COP coefficient of performance
cp specific heat
d tube diameter
DC direct current
EC energy consumption
f friction factor
G mass flux
j Colburn-j factor
_m mass flow rate
N number of fins
PIV particle image velocimetry
PLC programmable logic control
_Q heat transfer rate

Qe cooling capacity
Qt thermal load
DTlm logarithmic mean temperature difference
Re Reynolds number
rpm revolutions per minute
RT runtime ratio
RTD resistance temperature detector
T temperature
U overall heat transfer coefficient
V voltage
_V air flow rate
W power
e finning factor
l viscosity
s runtime ratio
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