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 

Abstract—In the technical work on low temperature so far 

lacks a full analysis of the basis of thermodynamic processes 

using modern methods. Meanwhile, the low temperature 

conventions widely used in different fields. The purpose of this 

section is to give readers tools for thermodynamic studies and 

presents changes in the system on a fairly low temperature, 

intuitive nature and practices for analysis low-temperature 

processes related to cold and depth on the basis of using a 

unified approach. The low temperature process is applied in a 

number of techniques including basic process repeated. So it is 

best to preliminary studies the changing characteristics of our 

energy to then study the overall process. 

 
Index Terms—Low Temperature, Thermodynamic, Ranke-

Khilsa. 

 

I. INTRODUCTION 

The thermal effect is a magnetic thermodynamic 

phenomenon, which is the change in temperature (heated or 

cooled) of a magnetic material during magnetization or 

demagnetization[1]. The effect of heat is actually the 

conversion of magnetic - thermal energy in magnetic 

materials[2]. When we apply a magnetic field to a magnetic 

material, the magnetic moments will tend to align the 

orientation according to the magnetic field. This orientation 

reduces the entropy of the magnetic moment system. If we 

perform this process adiabatically (the total entropy of the 

constant system)[3], the entropy of the lattice will have to 

increase to compensate for the decrease in magnetic moment 

entropy[4][5]. This process causes magnetic objects to heat 

up. Conversely, if we demagnetize (adiabatic), the magnetic 

moments will be returned to a disorderly state, leading to an 

increase in the entropy of the magnetic moment system[6]. 

As a result, the entropy of the lattice is reduced, and the 

magnetic object cools[7][8][9]. 

In 1745 Russian scientist Lomontôt in a famous 

dissertation, "Discussing the causes of hot and cold", said 

that the processes of living and rotting took place more 

quickly due to high temperatures and slowing down due to 

low temperature[10]. 

Indeed, the change of food increases rapidly at a 

temperature of 40 to 50oC because at this temperature is 

very suitable for the activation of proteolytic enzymes 

(enzymes) of the food itself and microorganisms[11]. 

At low temperatures the biochemical reactions in food are 

inhibited. Within the normal temperature range for every 

10°C reduction, the reaction rate decreases by 1/2 to 1/3 

times[12]. 
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Refrigeration technology has been around for hundreds of 

years and is widely used in many very different engineering 

disciplines: in the food processing and storage industry, 

chemical industry, alcohol, beer, biology industry, automatic 

measurement, low temperature drying technology, 

construction, oil industry, material manufacturing, tools, 

machine design, seed handling, medicine, sports, life[13]. 

Today the refrigeration engineering industry has grown 

very strongly, used for many different purposes, the scope of 

expansion has become an extremely important and 

indispensable engineering industry in life and technology. of 

all countries[14]. 

Low temperatures affect the activity of enzymes but not 

destroy them. The temperature drops below 0°C, most of the 

enzyme activity is suspended. However, some enzymes such 

as lipase, trypsin and catalaza at -191oC were not 

destroyed[15]. The lower the temperature, the lower the 

resolving capacity, for example lipase enzymes break down 

fat. 

Low-temperature processes used in engineering consist of 

a number of repetitive basic processes. Therefore, it is best 

to do a preliminary study of the energy transformation 

characteristics in them so that a whole process can be 

studied[16]. An essential part of any process is "cold 

reception", which is based on lowering the temperature of 

the substance independently, without releasing heat to other 

objects with lower temperatures[17]. 

If special cooling methods that are not related to 

displacement and pressure reduction (electrical, electronic, 

chemical, etc.) are left aside, the following three methods 

should be considered, used individually or worked together: 

a) throttle, 

b) associated expansion for the external work (pressure 

reducing machine), 

c) expansion of air in vortex tube (effect of Ranke-Khilsa 

effect). 

The second necessary part of any low temperature process 

based on expansion is the preliminary compression of the 

material in this or another compressor for the purpose of 

creating the exergi necessary to carry out the process. It 

involves compressing existing products or pumping low 

temperature fluids (Oxygen, Nitrogen, Argon, etc.)[18]. 

The third necessary molecule of low-temperature 

processes is the heat transfer between gases and liquids 

carried out in various devices[19]. At every low temperature 

process, there is heat exchange at different levels related to 

the heat flow from the surrounding environment through 

insulation. 

In fact, today, the compressed air supply and excess 

exhaust from enterprises and factories are not used, which is 

quite wasteful. So, using vortex effect refrigeration from the 
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utilization of excess emission sources not only saves energy 

but also contributes to solving environmental problems and 

reducing production costs[20]. Besides, using vortex effect 

refrigeration can produce cold water, provide cool drinking 

water to workers in factories and enterprises. The method 

can also be applied to produce air conditioners, supply cool 

air to the working environment at production sites of plants 

and enterprises, contributing to improving labor efficiency 

of workers[21]. Moreover, in their research, the authors 

have built a vortex effec refrigerator model to be used for 

training and equipping specialized students with useful 

practical knowledge. 

 

II. COMPRESSION PROCESS 

Compaction performance at low temperature processes 

can occur under different temperature conditions. In gas 

liquefaction and gas separation systems, as well as in 

refrigeration systems, compression usually occurs from the 

initial temperature close to T0. So the compression process 

temperature is always higher than T0, only when it is 

(isothermal compression) is equal to T0. So here e  ≥ 0. 

In steam-cooled cycles and in some other processes where 

there is no re-heating, the initial compression temperature is 

lower than T0, in some cases it may not reach T0 in the 

whole process, while in some cases it reverts to an area with 

T> T0. So e can it be higher or lower than zero[22]. 

Finally, there are several parts of the systems in which all 

processes take place at temperatures much lower than T0. 

Here always e <0. 

 

 
Fig. 1. Denote the compression process on the i-e graph when T> To 

 

For all compression processes, regardless of the 

conditions under which they occur, the equation exergi 

equilibrium is realistic[23]. 

 

L+ =ΔE+Eq+ΣD =ΔE+Q +ΣD (1) 

 

The L+ consumption in compressors is costly to increase 

the exergi E, to exhaust or heat the gas, its exergi is equal to 

e, and partly to the non-reversible ΣD losses. In this case if 

the process is reversible ΣD = 0. We begin to analyze the 

compression processes from the first case: e ≥ 0. These 

processes are shown on the i-e coordinates in Figure 1[24]. 

In reversible isothermal processes (lines 1-3), the gas 

temperature remains constant and is equal to T0. So the 

exergi of the heat flow eq, released from the gas to the 

surroundings at T0, is zero. 

In non-reversible isothermal processes, the gas exergium 

temperature during compression is non-zero; however, 

regardless of this, the heat flow is transferred to the ambient 

at T0. Therefore, both in this case eq = 0. 

Therefore, for isothermal processes, equation (1) in the 

general case has the form: 

 

LT
+= Δe3-1+ ΣD (2) 

 

In particular, when the process is reversible ΣD = 0 and 

so LT
+ = Δe3-1. Thus, it is possible to obtain the LT

+ of the 

reciprocal isothermal compression process without 

calculation from the i-e graph of the substrate, which is 

equal to the difference of exergi values at the beginning and 

end of the process. When knowing from the experiment or 

according to the actual calculation data of L+ of the 

isothermal cooling compressor, the quantity ΔL3-1 can be 

calculated to calculate its isothermal efficiency ηT, equal to 

ηe. 

 





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 (3) 

 

The quantity of losses due to non-reversibility will be 

determined by the expression: 

 

ΣD = L  -  Δe3-1.          (4) 

 

In the actual adiabatic process, a part of the compressor is 

used to overcome friction and convert it into heat for gas 

transmission. Therefore, the exergium of the gas at the end 

of the process increases (point 5). However, the quantity 

Δe5-1 is not equal to the actual adiabatic process. Δe5-1 

corresponds to the total exergi that needs to be transferred to 

gas in the form of machining and thermal exergi to 

reversibly perform the process 1-5[25]. 

 

Δe5-1 =  L+ +eq (5) 

 

The actual work of the adiabatic process lớni5-1 is greater 

than Δe5-1 because the heat transferred to the gas is due to 

machining, which leads to exergi losses. Adiabatic 

efficiency bằngad is equal to: 
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Process 1-2 takes an intermediate position between 

isothermal and isotropic processes and differs from process 

1-5, which is accompanied by heat exhaustion. So in the 

reversible process 1-2: 

 

Δe1-2 =  L+ -eq (7) 
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The work of process 1-2, as well as the effort required to 

perform any non-reversible process, cannot be taken from 

the graph, except for the work of the adiabatic process 

where δq = 0. At all compression (and expansion) involving 

heat exchange, the non-reversible success of the heat 

conversion cannot be expressed on the state graph. The 

amount of labor cost in the same top and bottom states can 

increase or decrease depending on the heat released into the 

surrounding environment. 

 

III. THE PROCESSES OF EXPANSION 

A. Throttling 

Actual airflow in the positive Jun– Tomson effect states is 

one of the main cooling methods. 

Throttle is often considered the classic form of non-

reversible process. This is true only in two cases - for ideal 

gases or for real gases in the inverse region (inversion); 

under these conditions the Jun-Tomson effect is zero[26]. 

In all other cases, the temperature difference generated by 

the throttle result can be used to obtain work, since it can 

return a portion of the material to its original state. 

Therefore, in the general case, real air circulation is partially 

reversible. 

 

 
Fig. 2. Expressions of throttle processes at i-e coordinates when i > 0 

 

We will examine the excretion process by exergi i-e 

graph. 

Depending on the form and its parameters, throttle may 

take place with a decrease in temperature (αi>0), 

accompanied by an increase in temperature (αi <0) and no 

change in temperature (αi = 0). (invertion parameters) * 

* Note: di - effect - differential throttle. 

The throttle valve is used in refrigeration system with the 

main use is to adjust the amount of fluid in the hydraulic 

system, thereby regulating the engine speed. When the fluid 

flow passes through the valves on the pipe in the flowmeter, 

capillary tubes or the throttle in the refrigeration system ... 

that's the process of throttle. Then the broker pressure will 

be reduced due to strong eddies and friction. This pressure 

drop depends on the dirt, the state of the broker, the pipe 

shrinkage and the speed of the air stream. 

The secretion process is often accompanied by a decrease 

in the efficiency of the medium and this is harmful. Air flow 

rate will increase in the hole. After going through the hole, 

the gas speed drops again, and the pressure increases but not 

by the beginning[18]. Variable velocity will lead to an 

increase in the density of the gas due to reduced pressure. 

B. Air expansion in vortex tube 

The Rank - Khilsa effect, performed by expanding the air 

in a vortex, is used for cooling as well as for heating. From a 

thermodynamic point of view, the vortex effect has 

something in common with the process in a pressure 

reducer, which is performed with any gas, independent of 

the effect of the throttle effect; Gas chilling is caused as a 

result of the partial exhaust of energy in it. However, unlike 

the pressure drop, the energy released is not in the form of 

external work but is transferred to other gases or into the 

surrounding environment in the form of heat flow. 

Therefore, the energy obtained is always lower than the 

value: eq is always less than l when q = l and e of the vortex 

tube is smaller than that of the pressure reducing machine. 

The energy balance diagram of the vortex tube is shown 

in Figure 3. The index 1 for all parameters (p, T, i, e) will be 

related to the compressed air, 2– hot air flow out of the pipe 

at intermediate pressure and 3-cold air[27]. 

The agent used in the vortex effect is a gas with high 

pressure and temperature corresponding to or approximately 

equal to the ambient temperature, used in industrial 

enterprises with excess compressed air flow. 

The energy balance of the process takes the form: 

 

(i1–i2)=(1–)(i2–i1)+g(i5 – i4). (8) 

 

Expansion process performance: 
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The exergi efficiency characteristics of the vortex effect 

are necessary in cases where the optimum operating 

conditions of the pipe are needed[28]. For this purpose, if 

the cooling output q= (i1–i3)  or the cooling coefficient 

calculated on it ε =
1 3

én

( )

n

i i

L




  is used, the change in 

temperature of the heat flow will not be taken into account. 

 

 
Fig. 3. Energy balance diagram of the vortex tube 
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High pressure air goes through nozzle 3 into the helical 

pipe, tangent line 3 is installed close to the barrier 2. This 

spiral flow will expand in tube 1. In the process of moving 

inside the vortex, the vortex will gradually decrease. The 

layers in the center have a great angular velocity to create 

eddy currents. The angular speed at the boundary is small 

and moves to ty 4, which means that there is a dynamic 

transmission from the inner layers to the outer layers. Upon 

arrival at valve 4, the airflow is divided into two parts, one 

outside the boundary (adjacent to the pipe casing) following 

the gap between valve 4 and tube 1 outside with the 

surrounding environment having 3x parameters. A small 

portion of the gas in the inner layer near the center of the 

pipe smashes into valve valve 4 and creates a vortex, the 

movement bounces back to the barrier 2. In the process of 

opposite movement between the outer periphery and the 

inner ring occurs heat exchanger from the central ring to the 

periphery[29]. The outer layer of air receives kinetic energy, 

so the airflow in the peripheral layer heats up, while the 

airflow in the center that goes against it loses energy so it is 

cooled down gradually. 

 

IV. HEAT EXCHANGE PROCESSES 

The process of heat exchange in equipment and machines 

of low temperature systems can be divided into two groups. 

The heat exchanger that leads to an increase of exergi of 

one substance by reducing the exergi of another substance of 

the first group. In this case, the exergi of the substrate is 

increased when heated if its temperature T> T0 and when it 

cools if T <T0. Basically, the low temperature technique is 

the second case. This "useful" heat exchanger is an essential 

element of any low temperature process and is carried out in 

one or another structural heat exchanger. This process is 

always partially reversible and its exergi performance in the 

ideal case will be equal to 1[2]. 

Heat exchange of substrate with the environment belongs 

to the second group, it always leads to reduced exergi. When 

the temperature T> T0, such heat exchange leads to cooling 

of the material, while T <T0- leads to heating. This harmful 

heat exchange is often associated with imperfections of 

insulation, with thermal bridges, with the thermal 

conductivity of the materials of machines, equipment, and 

spare parts etc. The process is always non-reversible. and its 

efficiency e = 0. In practical processes occurring on heat 

exchangers, in addition to losses occurring due to 

temperature and hydraulic resistance, there are losses due to 

Heat exchanger results with the surrounding environment. 

We will examine each type of loss separately. 

A. Loss due to temperature effect 

The ratio of exergi temperature losses not only allows the 

determination of losses in heat exchangers in general and in 

any part of them, but also allows the selection of the 

optimum dynamic temperature difference. under given 

conditions resulting from permissible losses when 

exchanging heat. 

  Thus, the use of exergi temperatures allowed together 

with the calculation of economic-technical measures in a 

basis of solving the problem of selecting the temperature 

head column when calculating the diagrams and selecting 

heat exchangers. 

If the pressure losses are large and cannot be ignored, 

then . eq ≠ eq .  and determine 
qe , in order to calculate the 

losses associated with the finite temperature difference and 

the performance associated with them, it is necessary to 

proceed according to the areas on the graph q- e , they are 

always equal .q e  . 

B. Losses due to hydraulic resistance 

In most heat exchangers, hydraulic resistance losses are of 

great value, especially when dealing with large amounts of 

gas at low pressures. 

On Figure 4 represents the i-e coordinate of state changes 

of A and B through the heat exchanger with great resistance. 

 

 
Fig. 4. Identify hydraulic resistance losses 

 

Formula A enters the device at pressure 
1

Ap . If there is 

no resistance, then the cooling process is ended suppose at 

point 2 'at the same pressure
1

AP . The actual pressure 

1 2

A A

AP P P    is reduced and the process ends at point 2. 

Exergi losses are related to hydraulic resistance: 

 

'

'

2 2 2 2
( ) .A A AD G e e G e


     (10) 

 

Similar loss to substance B: 

 

'

'

4 4 4 4
( ) .B B BD G e e G e


     (11) 

 

Total loss: 

 

' '2 2 4 4
. .A B A BD D D G e G e

 
       (12) 

 

Losses due to hydraulic resistance are not shown on the q-

e  chart, where only losses related to heat flow are shown. 

C. Loss due to heat exchange to the surrounding 

environment 

At low temperature processes these losses occur due to 

additional heating of the B series and by cooling of A series 

due to heat flow from the outside. Depending on the 

structure of the system, this effect may have different 

values, but in all cases the loss quantities are determined by 
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the quantity of heat flow through thermal insulation qis and 

the temperature T at That heat is transferred to the 

refrigerant. The exergi flow corresponds to this heat flow 

directed from the refrigerant into the surrounding 

environment (because e <0) and is completely lost[30]. 

The total amount of loss 

By calculating the individual loss components according to 

the above method, it is possible to determine their 

proportion in the total quantity. 

Heat exchanger efficiency takes into account all losses: 
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Including indicators that reflect these or other losses in 

equation (13) can determine the effect of each loss on the 

heat exchanger performance e . 

Thermal efficiency 
q is often used to evaluate heat 

exchangers. It is the ratio of the actual heat transmitted 

through the heat exchanger to the amount of heat that should 

have been transmitted in the ideal case, when the minimum 

temperature difference at one of the points of the device is 

zero, and the heat will not have

lytuongQ

thucte
q

Q
 

 . 

In some foreign constructions people use a temperature 

coefficient, where Q is replaced by T the same condition 

as above 
1 2

1 2
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The difference is particularly sharp between e -,  on one 

side 
q  and T -, on the other side on the heat exchanger 1. 

The low value e  is explained by the large temperature 

difference on the cold end of the device (59 K), which leads 

to almost half the exergi loss. The values 
q and T , 

though, are still very large. 

This difference is specific to other heat exchangers, the 

lower the temperature, the more pronounced it is, the 

coefficient 
q
 is always 100%, and it 

T  loses meaning 

because 
AT   and 

BT   is zero. 

 

V. CONCLUSION 

Thermal efficiency is often used to evaluate heat 

exchangers. It is the ratio of the actual heat transmitted 

through the heat exchanger to the amount of heat that would 

otherwise be transmitted in the ideal case, when the 

minimum temperature difference at one of the points of the 

device is zero, and insulation losses will be unavailable.  

Performance has the disadvantage that it does not take into 

account the temperature plane of the heat, ie its "quality". 

Therefore, individual losses due to their existence are not 

counted, and technical losses are skewed. In some foreign 

buildings a temperature coefficient is used, where Q is 

replaced by the same condition as above.  

From the results of theoretical research and experimental 

manufacturing of air-conditioning models thanks to vortex 

effect, compared to current air-conditioning models, we see 

that each type of air conditioner has different advantages 

and disadvantages. The use of air-conditioning systems 

thanks to the vortex effect helps save some energy, 

contributes to improving the environment, avoiding waste. 

At the same time, through this research, the experimental 

fabrication model can be applied to teaching students in the 

Thermal Refrigeration field. Experimental models should be 

tested and measured with technical parameters such as wind 

speed, compressed air pressure, air flow rate, air temperature 

at the outlet, and additional dynamic calculations are 

needed. study and aerodynamics to make more reasonable 

design adjustments to serve the actual needs when there is 

an excess of compressed air exhaust, contributing to energy 

saving and environmental protection. 

 

REFERENCES 

[1] K. Micadei et al., “Reversing the thermodynamic arrow of time using 

quantum correlations,” Nat. Commun., 2017. 

[2] T. N. Le, M. K. Pham, A. T. Hoang, and D. N. Nguyen, 

“Microstructures and elements distribution in the transition zone of 

carbon steel and stainless steel welds,” J. Mech. Eng. Res. Dev, vol. 

41, no. 3, pp. 27–31, 2018. 

[3] S. I. Sasa and Y. Yokokura, “Thermodynamic entropy as a noether 

invariant,” Phys. Rev. Lett., 2016. 

[4] A. Arnold, K. Breitsprecher, F. Fahrenberger, S. Kesselheim, O. 

Lenz, and C. Holm, “Efficient algorithms for electrostatic interactions 

including dielectric contrasts,” Entropy, 2013. 

[5] A. T. Hoang and D. C. Nguyen, “Properties of DMF-fossil gasoline 

RON95 blends in the consideration as the alternative fuel,” Int. J. 

Adv. Sci. Eng. Inf. Technol., vol. 8, no. 6, 2018. 

[6] I. Neri, É. Roldán, and F. Jülicher, “Statistics of infima and stopping 

times of entropy production and applications to active molecular 

processes,” Phys. Rev. X, 2017. 

[7] A. T. Hoang and V. V. Pham, “A review on fuels used for marine 

diesel engines,” J. Mech. Eng. Res. Dev., vol. 41, no. 4, pp. 22–32, 

2018. 

[8] J. F. Gómez-Aguilar, H. Yépez-Martínez, C. Calderón-Ramón, I. 

Cruz-Orduña, R. F. Escobar-Jiménez, and V. H. Olivares-Peregrino, 

“Modeling of a mass-spring-damper system by fractional derivatives 

with and without a singular kernel,” Entropy, 2015. 

[9] A. T. Hoang, “A Design and Fabrication of Heat Exchanger for 

Recovering Exhaust Gas Energy from Small Diesel Engine Fueled 

with Preheated Bio-oils,” Int. J. Appl. Eng. Res., vol. 13, no. 7, pp. 

5538–5545, 2018. 

[10] A. T. Hoang and A. T. Le, “A review on deposit formation in the 

injector of diesel engines running on biodiesel,” Energy Sources, Part 

A Recover. Util. Environ. Eff., vol. 41, no. 5, pp. 584–599, 2019. 

[11] V. V. Pham, “Analyzing the effect of heated wall surface 

temperatures on combustion chamber deposit formation,” J. Mech. 

Eng. Res. Dev., vol. 41, no. 4, pp. 17–21, 2018. 

[12] A. Theocharis, C. Clément, and E. A. Barka, “Physiological and 

molecular changes in plants grown at low temperatures,” Planta. 

2012. 

[13] G. Besagni, R. Mereu, and F. Inzoli, “Ejector refrigeration: A 

comprehensive review,” Renewable and Sustainable Energy Reviews. 

2016. 

[14] R. Wang, L. Wang, and J. Wu, Adsorption Refrigeration Technology: 

Theory and Application. 2014. 

[15] L. F. Cabeza, A. Solé, and C. Barreneche, “Review on sorption 

materials and technologies for heat pumps and thermal energy 

storage,” Renew. Energy, 2017. 

[16] A. T. Hoang, “Waste heat recovery from diesel engines based on 

Organic Rankine Cycle,” Appl. Energy, vol. 231, pp. 138–166, 2018. 

[17] A. T. Hoang and V. V. Pham, “A study of emission characteristic, 

deposits, and lubrication oil degradation of a diesel engine running on 

preheated vegetable oil and diesel oil,” Energy Sources, Part A 

Recover. Util. Environ. Eff., vol. 41, no. 5, pp. 611–625, 2019. 

[18] A. T. Hoang, A. T. Le, and V. V. Pham, “A core correlation of spray 

characteristics, deposit formation, and combustion of a high-speed 

diesel engine fueled with Jatropha oil and diesel fuel,” Fuel, vol. 244, 

pp. 159–175, 2019. 

[19] J. M. Ball, M. M. Lee, A. Hey, and H. J. Snaith, “Low-temperature 

processed meso-superstructured to thin-film perovskite solar cells,” 

http://dx.doi.org/10.24018/ejers.2019.4.9.1512


    EJERS, European Journal of Engineering Research and Science 

Vol. 4, No. 9, September 2019 

DOI: http://dx.doi.org/10.24018/ejers.2019.4.9.1512                                                                                                                                                                  51 

Energy Environ. Sci., 2013. 

[20] A. D. Gutak, “Experimental investigation and industrial application of 

Ranque-Hilsch vortex tube,” Int. J. Refrig., 2015. 

[21] X. Guo and B. Zhang, “Computational investigation of precessing 

vortex breakdown and energy separation in a Ranque–Hilsch vortex 

tube,” Int. J. Refrig., 2018. 

[22] A. T. Hoang and M. T. Pham, “Influences of heating temperatures on 

physical properties, spray characteristics of bio-oils and fuel supply 

system of a conventional diesel engine,” Int. J. Adv. Sci. Eng. Inf. 

Technol., vol. 8, no. 5, pp. 2231–2240, 2018. 

[23] A. T. Hoang, D. N. Nguyen, and V. V. Pham, “Heat Treatment 

Furnace For Improving The Weld Mechanical Properties: Design and 

Fabrication,” Int. J. Mech. Eng. Technol., vol. 9, no. 6, pp. 496–506, 

2018. 

[24] O. Braissant, A. Bachmann, and G. Bonkat, “Microcalorimetric 

assays for measuring cell growth and metabolic activity: Methodology 

and applications,” Methods, 2015. 

[25] F. Plastina et al., “Irreversible work and inner friction in quantum 

thermodynamic processes,” Phys. Rev. Lett., 2014. 

[26] L. Li et al., “Black phosphorus field-effect transistors,” Nat. 

Nanotechnol., 2014. 

[27] D. Li et al., “Priority-based cache allocation in throughput 

processors,” in 2015 IEEE 21st International Symposium on High 

Performance Computer Architecture, HPCA 2015, 2015. 

[28] A. T. Hoang and V. V. Pham, “Impact of jatropha oil on engine 

performance, emission characteristics, deposit formation, and 

lubricating oil degradation,” Combust. Sci. Technol., vol. 191, no. 03, 

pp. 504–519, 2019. 

[29] A. T. Hoang, V. V. Le, V. V. Pham, and B. C. Tham, “An 

investigation of deposit formation in the injector, spray 

characteristics, and performance of a diesel engine fueled with 

preheated vegetable oil and diesel fuel,” Energy Sources, Part A 

Recover. Util. Environ. Eff., pp. 1–13, 2019. 

[30] A. T. Hoang, Q. V. Tran, A. R. M. S. Al-Tawaha, V. V. Pham, and X. 

P. Nguyen, “Comparative analysis on performance and emission 

characteristics of an in-Vietnam popular 4-stroke motorcycle engine 

running on biogasoline and mineral gasoline,” Renew. Energy Focus, 

vol. 28, pp. 47–55, 2019. 

 

 

 

 

 

http://dx.doi.org/10.24018/ejers.2019.4.9.1512

