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The concept of mixed refrigerant fluids has emerged during the past few decades from 20th century due to its su-
perior thermophysical properties as compared to base fluids. It is primarily used as coolants in heat transfer equip-
ment such as heat exchangers and thermoelectric cooling systems.  In the current study, an analysis of the physical-
thermodynamic properties and the different parameters was performed by considering 10gms of mixed refrigerant of 
propane and ISO-butane at different compositions ratio. All results presented for simulations carried out at range 
temperature about 300-350K and a pressure range of 3MPa to 7MPa. They concluded from the result that as the tem-
perature increases specific heat of mixed refrigerant decreases. Similarly, thermal conductivity increases with an in-
crease in temperature for a mixed refrigerant at different compositions. Further, as the pressure is varied from 3MPa 
to 7MPa while keeping the temperature constant at 350K, the specific heat decreases by 5.2% as well as thermal con-
ductivity follows the opposite trend and is increased by 6.9%.  
 
Ключевые слова: refrigerants, thermo-physical, base fluids, heat transfer, coolants, heat exchangers. 
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Концепция смешанных хладагентов появилась в течение последних нескольких десятилетий, начиная с 
середины 20-го века, благодаря своим превосходным теплофизическим свойствам по сравнению с базовыми 
жидкостями. Он в основном используется в качестве теплоносителя в теплообменном оборудовании, таком 
как теплообменники и термоэлектрические системы охлаждения. В настоящем исследовании был проведен 
анализ физико-термодинамических свойств и различных параметров с учетом 10 г смешанного хладагента 
пропана и изобутана при различном соотношении составов. Все результаты представлены для моделирова-
ния, выполненного при температуре около 300-350 К и диапазоне давлений от 3 МПа до 7 МПа. В результате 
они пришли к выводу, что с повышением температуры удельная теплоемкость смешанного хладагента 
уменьшается. Аналогично, теплопроводность увеличивается с увеличением температуры для смешанного 
хладагента при разных составах. Кроме того, поскольку давление изменяется от 3 МПа до 7 МПа при сохра-
нении постоянной температуры на уровне 350 К, удельная теплоемкость уменьшается на 5,2%, а теплопро-
водность следует противоположной тенденции и увеличивается на 6,9%. 
 
Keywords: тепловой насос, теплофизические характеристики, теплообмен, хладагенты, теплообменники. 
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Introduction 
 

In present scenario studies on mixed refrigerants has 
become versatile all over the universe, so for these rea-
sons vapor compression refrigeration systems (VCRS) 
are used for cooling purposes. In general, Figure 1 repre-
sents VCRS cycle consists of four major parts such as 
compressor, condenser, expansion valve and evaporator. 
The compressor is the process where the low tempera-
ture and low-pressure gaseous refrigerant is compressed 
isentropic ally to obtain high-pressure super-heated va-
por region this process is also predominately known as 
‘Win’ process. From process 1-2 Figure 1, Figure 2, rep-
resents the work given by the compressor [1] – [3]. From 
the process 2-3 condenser process takes place in conden-
ser the high pressure and high temperature superheated 
vapor is converted to high pressure and high temperature 
liquid refrigerant this process takes at constant pressure 
(P=C) and within the dome there will be occurrence of  
constant temperature process  (T=C). In this process heat 
rejection will take place ‘Qout’ in Figure 1,Figure 2 rep-
resents process 2-3 [4]–[6]. Expansion valve is the pro-
cess takes place at takes place from 3-4 in this neither 
heat input nor rejection of heat occur or neither supply of 
work or nor rejection of work takes it is the process en-
thalpy is the process where narrow cut junction will oc-

cur to supply the liquid from high pressure and tempera-
ture liquid to low pressure and temperature liquid and 
vapor region Figure 1, Figure 2 represents process 3-4. 
Evaporator is the process where the object is cooled this 
process generally takes place from 3-4 is the process 
represents in Figure 1, Figure 2 where low pressure and 
low temperature liquid and vapor refrigerant is converted 
to Vapor refrigerant. This process is also widely known 
as heat supply process (Qin) [5], [6], [8]. In the current 
study, 10gms of zoetrope with the combination of hy-
drocarbons are chosen for the analysis such as propane 
(R290) and ISO-butane (R600a) are considered as re-
frigerants. The number of moles calculates the composi-
tions of each refrigerant. For this analysis, a mixed re-
frigerant of R290 and R600a operates at a pressure of 
3MPa to 7MPa and temperature of 300-350 K properties 
of the refrigerant are available from Table 1. The molec-
ular weight of refrigerant mixture is taken as 10gms and 
refrigerant mixture is in the mass ratio of 10%-90%, 20-
80%, 30-70%, 40-60% is considered density and viscosi-
ty varying with respect to temperature as plotted. Ther-
mophysical properties based on the refrigerants such as 
specific heat and thermal conductivity are evaluated for 
the refrigerant mixture and the effect of pressure on dif-
ferent compositions are evaluated at pressure of 3 MPa 
to 7 Mpa. 
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Fig.1.  Schematic representation of VCRS Cycle. 

Рис. 1. Схематическое изображение цикла VCRS. 
 

 
Fig. 2. P-h representation of VCRS. 
Рис. 2. P-h представление VCRS. 

 
Gow [8] Investigated with the elementary materials 

of cryogenics and 39 pure refrigerants are used to design 
the vapor pressure vs temperature relationship by using 
different type’s hydrocarbon refrigerants and the cryo-
genic compounds the equation has developed. Richard-
son et al [9] conducted experimentally without passage 
of air the performance of refrigerants and concluded that 
propane and ISO-butane gives the better performance of 
Coefficient of performance (COP). Lorentzen 
[10].Considered thermodynamic and heat transfer prop-
erties as an important factor. Natural substances such as 
propane, ammonia and carbon dioxide are used as halo-
carbons.  Scalabarin et al in this work, pure fluids and 
mixtures are predicted fluid families such as alkanes and 
halogenated alkanes with high accuracy of dedicated 
equations of state (DEOS) have been proposed thermo-
dynamically. Latra Boumaraf et al [11] have been pro-
posed simulation results for the performance and charac-
teristics of the operating cycle of refrigeration system. 
This simulation results includes co-relation of the ejector 
entertainment the conservation of 1-D model. Dalkilic et 

al [12] in this study experimental results of pressure drop 
condensation was determined by choosing two refriger-
ants such as R600a 1m long horizontal and smooth with 
inner diameter 4mm ad outer  diameter 6mm and R134 
in a vertical 0.5mm smooth copper tube with inner diam-
eter 8.1mm and outer and 9.52mm. Mohanraj et al [13] 
performed an experimental work, with single evaporator 
domestic refrigerator using hydrocarbons mixture, which 
mean a mixed refrigerant of propane (R290), and ISO-
butane (R600a) it presents that hydrocarbons have lower 
consumption of energy. However, it leads to higher val-
ue of coefficient of performance (COP). Ardhapukar et 
al [14]. In the present investigation to calculate the over-
all heat transfer coefficients along with the length of heat 
exchangers for various mixtures has been determined for 
these experimental data and empirical co-relations have 
been determined. Yan et al [15]. Investigated with zeo-
tropic refrigerant mixture such as R290 and R600a for 
domestic freezer in an Internal Auto Cascade Refrigera-
tion Cycle (IARC) performance of these IARC a mathe-
matical model is used to develop the performance. The 
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results are discussed about the pressure ratio of compres-
sor, COP performance volumetric compressor. Yan et al 
[16]. Study reports using zoetrope mixture such as R290 
and R600a for the modified ejector expansion cycle in 
this conventional ejector expansion cycle and throttling 
cycle is carried out, results are presented that refrigerant 
effect of COP, volumetric efficiency etc. Chen [17]. To 

enhance the overall system performance an internal sub-
cooler with additional bypass is used. In this study, Mod-
ified Vapor Compression Refrigeration Cycle (MVRC) 
using zeotropic mixtures with addition of hydrocarbons 
of refrigerants such as propane (R290) and ISO-butane 
(R600a) is used. 

 
List of symbols 
Abbreviations 

VCRS- Vapor  
compression  
refrigeration 
system 

COP- Coefficient of  
Performance  

R290- Propane MVRC -Modified Vapor 
Compression  
Refrigeration Cycle  

R600a- Isobutane  Qin, Qout -heat in and out from 
the system 

IARC- Internal Auto 
Cascade  
Refrigeration Cycle 

Win, Wout- work in and out 
from the system 

Latin alphabet letters 
(0C), K, T-  
Temperature 

Cp,Cv- Specific heat at  
constant Pressure and volume 

P- Pressure ODP- Ozone Depletion Point  
 

1. Methodology of study 
 

1.1. Selection of refrigerant mixture 
 

Selection of refrigerant mixture such as propane and IS0-
butane are generally based on different properties such 

as boiling point (0C), Melting Point (0C) and specific 
heat (kJ/kg.0C) of the refrigerant. 

Table 1  
Represents Properties of Refrigerant Mixture 

Таблица 1  
 Представлены свойства смеси хладагентов 

 
Properties R290 R600a 

IUPAC Propane ISO-butane 
Chemical Formula C3H8 C4H10 
Density 2.0098 kg/m3 2.51 kg/m3 
Melting Point -187.7 -159.42 
Boiling Point -42.25 -11.7 
Vapour Pressure 853.16 204.8 
Specific Heat Capacity 73.6 96.65 
Saturated Hydrocarbon Alkane Alkane 
ODP 0 0 
GWP 3.3 3 
Cp/Cv 1.136 1.006 
Critical Temperature 96.7 134.7 
Critical Pressure 4248 3640 

 
1.2. Selection of Composition 

 
In current study, 10gms of refrigerant are chosen for 

the analysis at different composition for the refrigerants 

such as Propane and the number of moles defines ISO-
butane. Number of moles is defined by the ratio of given 
mass of the composition (%) to the mass of a single re-
frigerant R290 and R600a that are tabulated in Table 2. 

 
Table 2  

Composition of Refrigerant Mixture 
Таблица 2  

Состав смеси хладагентов 
 

Refrigerant Mixture (gms) Propane (C3H8) ISO-butane (C4H10) 

10 1gm (0.022) 9gm (0.155) 

10 2gm (0.045) 8 gm (0.137) 

10 3gm (0.068181)    7 gm  (0.12068) 

10 4gm (0.090909)     6 gm (0.10344) 
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1.3. Thermophysical Properties 
 

For the present work, effect of pressure on different 
refrigerant compositions are evaluated for Propane and 
ISO-butane (R290 and R600a) and temperature range 
varies from 300-350K selected thermo physical proper-
ties such as specific heat and density are discussed in the 
succeeding chapter. 

 
  

2. Results and Discussions 
 

2.1. The effect on specific heat   in relation to the 
temperature of the refrigerant mixture at  

different compositions 
 

To evaluate the thermophysical properties refrigerant 
mixture such as specific and thermal conductivity are 
evaluated for the propane and ISO-butane (R290 and 
R600a) are considered. Refrigerant mixture operates at a 
pressure of 3MPa to 7MPa and temperature of 300-
350K. Specific heat and thermal conductivity of the re-
frigerant mixture are evaluated. 

  

  
 

Fig. 3. Specific heat vs temperature at different compositions of mixed refrigeration. 
Рис.3. Удельная теплоемкость в зависимости от температуры при различных составах смешанного хладагента. 

 
2.2. The effect on thermal conductivity in relation to the temperature  

of the refrigerant mixture at different compositions 
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Fig.4. Thermal conductivity vs temperature at different compositions. 

Рис.4. Зависимость теплопроводности от температуры при различных составах хладагента. 
 

Figure 4 shows the variation of thermal conductivity 
with respect to temperature at a composition of a mixed 
refrigerant R290 and R600a. However, it shows that as 
the increase in temperature and pressure thermal conduc-
tivity of a mixed refrigerant is increases. 

 
Conclusions 

 
In current study, investigation on pressure effect of 

mixed refrigerants such as propane and ISO-butane are 
evaluated at different composition. It was concluded that 
as that as the increase in thermal conductivity by 6.9% at 
constant temperature 350K. Meanwhile, opposite trend 
was followed by the specific heat decrease from temper-
ature range of 300-350K and it reduces by 5.2% reduc-
tion at constant temperature 350K in the liquid region. 
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“НОВАТЭК” увлекся водородом 
 

 

Российский производитель сжиженного 
газа “НОВАТЭК” намерен всерьез заняться 
развитием водородных технологий. Компа-
ния в начале года подписала сразу два зна-
ковых для нее соглашения, предполагающих 
работ в этом направлении. 

В частности, крупнейший в стране независимый производитель газа договорился с германской Uniper о 
сотрудничестве при производстве и поставок водорода. Две компании планируют вместе развивать производ-
ство, транспорт и поставки водорода, в том числе на электростанциях Uniper в России и Западной Европе, 
сообщил “НОВАТЭК”. “Рассматриваются поставки „голубого“ водорода, произведенного из природного 
газа с дальнейшим улавливанием и хранением CO2, а также „зеленого“ водорода, полученного с использова-
нием возобновляемых источников энергии», — говорится в сообщении компании.  

 
Глава «НОВАТЭКа» Леонид Михельсон назвал водородную энергетику перспективным направлением 

долгосрочной стратегии развития компании. “Развитие коммерчески эффективного производства „низко-
углеродного водорода“ находится в начальной стадии, и наше совместное сотрудничество в этой области с 
Uniper, одной из ведущих международных энергетических компаний, позволит заложить надежную основу 
для дальнейшего выстраивания долгосрочных отношений», — рассчитывает он. 

 
Кроме того, “НОВАТЭК” подписал с итальянской  Nuovo Pignone, входящей в состав Baker Hughes, со-

глашение о стратегическом сотрудничестве в области сокращения выбросов CO2. Две компании будут рабо-
тать в области электрических и газотурбинных решений по добыче и сжижению газа, а также сокращения 
выбросов CO2. “НОВАТЭК” и  Nuovo Pignone уже договорились и о конкретных проектах. В частности, они 
планируют начать совместный  перевод турбин на работу на водородсодержащих смесях топливного газа. 

 
Baker Hughes является одним из  поставщиков основного оборудования для проектов “НОВАТЭКА” по 

сжижению газа «Ямал СПГ» и «Арктик СПГ 2».  
 
Прошлой осенью финансовый директор “НОВАТЭКа” Марк Джетвей заявлял, что компания изучает воз-

можность производства водорода, исследуя перспективы его  выработки из метана с технической и экономи-
ческой точек зрения. Речь идет как о производстве водорода для нужд самой компании, так и для поставки 
конечным потребителям. 

 
Ресурсная база компании позволяет производить как СПГ, так и водород, отмечал он.  
 
Энергостратегия России предполагает экспорт 200 тыс. т водорода к 2024 г., а к 2035 г. — 2 млн. т. 
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