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In this paper, for two separate half-breed Nano liquids, Ag (25nm) + refined water and Ag 

(50nm) + Zn (50nm)-refined water tentatively considered at the vehicle radiator, the 

execution of restricted convection. Four distinct cross-breed Nano liquid concentrations in 

the range of 2-6 vol %. The increase of half breed nanoparticles into the refined water as a 

base liquid was organized by percentage. Within the range of 20 l/min-60 l /min, the 

coolant flow rate is altered. Inside the warm trade, Crossover Nano coolants show colossal 

change compared to the refined water. Ag-refined water cross breed Nano liquid's warm 

exchange execution was found to be much better than Ag + Zn-refined water half breed 

Nano coolant. In addition, with the rise in the concentration of half breed nanoparticle and 

half breed Nano fluid velocity, the Nusselt number is found to expand. In the advancement 

of the warm exchange rate, Mono and hybrid nanofluid forms play a very important role 

in enhancing the heat transfer and refrigeration of car radiators. With an increase in 

concentration of half-breed nanoparticles for the primary form about 44 percent warm 

exchange transition, expansion of 6 vol percent crossover nanoparticles were achieved with 

the rate of warm exchange. In comparison to the current form of cross breed nanoparticles, 

with an expansion of 6 percent vol concentration, 22 percent extended. The exergy in flow, 

exergy destruction and exergy efficiency of mono nanofluid (Ag +Dw) are greater than 

hybrid nanofluid (Ag + Zn + Dw) and distilled water. The exergy inflow, exergy 

destruction, and exergy efficiency as the concentration of nanoparticles increases for the 

two forms of mono and hybrid nanofluid. The values parameters of the mono nanofluid 

(Ag + Dw) such as exergy in flow, exergy destruction and exergy efficiency at 6 vol% 

were 572 W, 460 W, 72% respectively while in hybrid nanofluids (Ag + Zn + Dw) were 

420W, 282W, 51%. The use of mono and hybrid nanofluid as a working fluid results in 

higher efficiency of heat transfer, which promotes the performance of the car engine and 

decreases fuel consumption.  
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1. INTRODUCTION

Improving the execution of warm trade systems would 

decrease the use of vitality and present hot exchange upgrade 

strategies [1-3]. Examined the enhancement of warm 

exchange with hot geometric variety exchanged using various 

kinds of balances within different embedded pipes and kinds 

of external unpleasantness. The aim of attractive field, electric 

and pulse strategies for warm exchange upgrade of the warm 

exchanged, Wen & Ho [4] was examined [5, 6]. Exploratory 

studied heat transfer of heat exchanged for nano fluids with a 

litter of 100 nanometers and laminate stream in nano particles. 

We have gotten the next warm accessibility than fluid wanting 

a Nano particle [7]. Improve warm accessibility by using Nano 

liquids for cupric oxide particles to achieve great warm 

characteristics [8]. In addition to the H2O norm on hot 

exchange disorder transport [9, 10], the advantages of 

aluminum oxide nanoparticles have been tentatively explored. 

Inspected research to increases the warm exchange used the 

nano fluid of the aluminum oxide nanoparticles along with the 

H2O standard and various circumstances. The degree of warm 

trade for Nano fluid extended almost appears, while atom of 

Nano fluid particle concentration increases as well as the 

figure of Reynolds increases [11-13]. Improvements were 

explored for the warm exchange of heat transport for nanofluid 

with titanium dioxide nanoparticle refined H2O. They had 

gotten a higher degree of warm exchange than the typical 

liquid for Nano fluid. Convection heat transfer for nanofluids 

with nanoparticles smaller than 100 nm and laminar flow was 

investigated in an experiment. He found that the liquid with 

nanoparticles had a higher thermal conductivity than the liquid 

without [14]. To obtain a good thermal property, nanofluids 

with CuO particles were used to improve thermal conductivity 

[15]. The effects of oxide nanoparticles Al2O3 with a water 

base on turbulence convection heat transfer were investigated 

experimentally. Duangthongsuk & Wongwises [16-18] looked 

at how a nanofluid with a nanoparticle of TiO2 – distilled water 

could improve convection heat transfer. They achieved this by 

using a nanofluid with a higher heat transfer coefficient than 

the base fluid. 

The aims of this paper are to assess the performance 

improvement of energy and exergy through mono and hybrid 

nanofluid inlet and outlet temperature and efficiency of exergy. 

In addition, multiple variables have been tested that could 

affect the improvement of the mono nanofluid (Ag, + Dw) and 

hybrid nanofluid (Ag + Zn+ Dw) coefficient of heat transfer 
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including the size of nanoparticles, volume fraction, number 

of Reynolds, and temperature of mono and hybrid nanofluids. 

 

 

2. PREPARATION OF THE HYBRID NANOFLUID AS 

COOLANT 

 

The mono and hybrid Nano fluids test arrangements are 

arranged by scattering pre-weighed volumes of dry silver 

Particles in refined water. At that point, the blends were 

applied to Ultra-sonic blending [150 kHz, 500 Watt at 25-30 o 

C, and that for time 2 h for separate molecule totals at Toshiba, 

Britain]. Half-breed nanofluid containing processed H2O with 

half-breed nanoparticles of a material. The pictures of 

crossover mono and hybrid nanofluid planning are shown in 

Figure 1. 

 

 
 

Figure 1. Mono nanofluid silver Ag (25nm) and hybrid 

nanofluid silver Ag (50nm) and Zinc Zn (50nm) 

 

 

3. EXPERIMENTAL METHODS 

 

The unit used in the tests consists of the after-take and 

appears in Figure 2. The pump offers a 20-60 litter/minute 

shifting stream average. Tank Pipes for Cooling, to maintain 

the temperature between 40 and 80℃, an electrical radiator 

was used to steam the working fluid and controls were used. 

Flow meter style Dwyer arrangement MMA lower than 

expected-Ace stream meter used with the accuracy of 0.4 l / 

min to degree mass stream rate easily. Forced Fan Draft, The 

Globe valve was used in the rig to direct the stream rate. 

Thermocouples ((K-kind) used at the gulf and heater outlet as 

well as eight thermocouples (K-kinds). Such thermocouples 

were mounted along the test area and placed in the middle of 

the radiator surfaces. Radiator (a warm cross stream 

exchanger), as shown in Figure 3. Due to the simple 

investigation of the internal warm exchange, the pace and 

temperature discussions are steady within the experiments. 

Radiator characteristics as shown in Table 1. 

 

Table 1. Radiator determinations are tabulated. 

 
Kind of fins and pipe  Aluminum 

Distance of raditor  320×20×382.4 m meter 

Finform  Corugaed 

Heat transfer area  1.25 Squer meter 

Part size  4.75 Squer meter 

Size of fins  1.14 Liter 

 
 

Figure 2. Schematic of experimental setup 

 

 
 

Figure 3. Experimental setup 

 

 

4. DATA PREPARING OF HYBRID NANO FLUID 

 

The taking after strategy to get warm exchange coefficient 

and comparing Nusselt number has been done. Agreeing to 

Newton's law of cooling: 

 

Q = hADT = hA(Tb − Tw) (1) 

 

warm exchange rate can be calculated as takes after: 

 

Q = m Cp ∆T =  m Cp (Tin, nf − Tout, nf) (2) 

 

with respect to the uniformity of Q in the above equations: 

 

Nuhb,nf =
hex Dh 

𝑘𝑛𝑓

=
�̇� Cp(Tin, nf − Tout, nf) Dh

𝑘,𝑛𝑓

 (3) 

 

Improvement of warm exchange amidst situation of 

crossover Nano liquid and standard liquid situation is 

characterized as: 

 

Enhancement =
Nunf − Nubf

Nunf

x 100 (4) 

 

The loss of energy is estimated as [19]. Exergy loss= Exergy 

Inflow-Exergy outflow 

 

𝐸𝑥𝐿 = 𝐸𝑥𝑖 − 𝐸𝑥0 (5) 

 

The tube exergy inflow is shown below. 

 

𝐸𝑥𝑖𝑛𝑓 = �̇�𝑛𝑓 Cpnf [(Tnf1 − Ta )  − Ta (ln
Tnf1

Ta

)] (6) 
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The tube exergy outflow is described below. 

 

𝐸𝑥𝑜𝑛𝑓 = �̇�𝑛𝑓 Cpnf [(Tnf2 − Ta )  − Ta (ln
Tnf2

Ta

)] (7) 

 

Exergy efficiency is determined as: 

 

Exergy Efficiency =
Exergy inflow − Exergy loss

Exergy inflow
 (8) 

 

Exergy Efficiency = 1 −  
 Ex L

Exi
 (9) 

 

 

5. RESULTS AND DISCUSSION 

 

Using base distilled water as the working fluid, the heat 

transfer coefficients are experimentally measured before 

obtaining those of distilled water (Ag and Ag + Zn) nanofluids 

to verify the accuracy and reliability of the experimental 

system, as shown in Figure 4. There was a difference between 

three well-known empirical associations [20-23] and the 

experimental results. Just in Figure 5 there is fairly good 

agreement between the Gnielinsky equation and the 

measurements used in this analysis over the Reynolds number 

range. The dimensionless thermal properties of the two mono 

and hybrid nanofluids (Ag + Dw) and (Ag + Zn + Dw) 

compared to those of distilled water are shown in Figure 6-7. 

These Figures showed that, with increasing concentrations of 

mono and hybrid nanoparticles, density, thermal conductivity 

and viscosity increased, with growing concentrations of mono 

and hybrid nanoparticles, the real heat declined. Owing to the 

scale of mono nanoparticles and silver thermal conductivity, 

the thermal conductivity of mono nanofluids (Ag + Dw) was 

greater than that of hybrid nanofluids (Ag + Zn + Dw). For the 

two forms of mono and hybrid nanofluids (Ag + Dw) and (Ag 

+ Zn+ Dw), Figure 8-13 display the impact of the Reynolds 

number, volume fraction of nanoparticles and inlet 

temperature of fluid on the Nusselt number. As a consequence 

of an increase in the fluid's energy transfer with an increase in 

the volume fraction, the velocity components of the mono and 

hybrid nanofluid increase. The sensitivity to the volume 

fraction of nanoparticles of the thermal boundary layer 

thickness is related to an increased thermal conductivity. 

Higher values of thermal conductivity are actually 

accompanied by higher values of the thermal diffusivity. The 

high thermal diffusivity value makes it possible for the 

temperature gradients to drop and thus increases the thickness 

of the boundary layer [24]. The Nusselt number is decreased 

by this increase in thermal boundary layer thickness; The 

Nusselt number, however, is a multiplication of the 

temperature gradient and the ratio of thermal conductivity. As 

the decrease in the temperature gradient due to the presence of 

nanoparticles is much lower than the thermal conductivity 

ratio, the amount of Nusselt is therefore increased by 

increasing the volume fraction of the nanoparticles. The 

addition of nanoparticles to the coolant therefore has the 

potential to improve cooling rates for automotive and heavy-

duty engines or to remove engine heat with a cooling system 

of reduced size. To understand the effect of the temperature on 

the thermal efficiency of the radiator, different fluid inlet 

temperatures for each concentration have been applied. For the 

two forms of mono and hybrid nanofluids (Ag+ Dw) and (Ag 

+ Zn + Dw), the mono and hybrid nanofluid inlet temperatures 

include 45℃, 65℃, and 75℃. These Figures display that an 

increase in the inlet temperature of mono and hybrid nanofluid 

marginally increases the amount of Nusselt due to an increase 

in the effect of test mono and hybrid nanofluid radiation on the 

inner wall of the tubes. These statistics also indicate that with 

the rise in Reynolds number, the Nusselt number increases. 

The enhancement of the heat transfer between the case of 

mono and hybrid nanofluid and the case of base fluid is 

classified as [25]: 

 

Enhancement % =
Nu (nf) − Nu (bf)

Nu (bf)
x 100 (10) 

 

Figures 13-18 show the effects of the Reynolds number, 

nanoparticle volume fraction and mono and hybrid nanofluid 

inlet temperature on heat transfer enhancement. Through the 

increase in mono and hybrid nanoparticle concentrations, 

Reynolds number and mono and hybrid nanofluid inlet 

temperature, the increase in heat transfer has increased. It is 

evident for the distilled water-based mono and hybrid 

nanofluid that the improvement increases with the number of 

Reynolds and the impact of the number of Reynolds is 

pronounced at higher concentrations of mono and hybrid 

nanoparticle. Due to the size of mono nanoparticles and silver 

thermal conductivity, the increase in heat transfer for mono 

nanofluid (Ag (25nm) + Dw) was greater than hybrid 

nanofluid (Ag (50nm) + Zn (25nm) + Dw). The findings 

showed that the improvement ratios when the temperature of 

the mono nanofluid (Ag + distilled water) 45℃, 65℃, 75℃, 

and the concentration 6 vol% were 10.8%, 14.34%, 20.21% 

respectively, While the improvement ratios were for (Ag 

(50nm) + Zn (50nm) + Dw) 5.32%, 8.21%, 12.11%. The 

results indicated that the improvement ratios when the 

temperature of the mono nanofluid (Ag + distilled water) 45℃, 

65℃, 75℃, and the concentration 2 vol % were 4.1%, 8.31%, 

10.21% respectively. While the improvement ratios were for 

(Ag (50nm) + Zn (50nm) +Dw) 2.22%, 5.13%, 7.10%. Figure 

19-24 indicated that the exergy in flow, exergy destruction and 

exergy efficiency of mono nanofluid (Ag +Dw) are greater 

than hybrid nanofluid (Ag + Zn + Dw) and distilled water. 

With increasing nanoparticle concentration, the exergy inflow, 

exergy degradation, and exergy efficiency for the two forms 

of mono and hybrid nanofluid increase. he values parameters 

of the mono nanofluid (Ag + Dw) such as exergy in flow, 

exergy destruction and exergy efficiency at 6 vol% were 572 

W, 460 W, 72% respectively while in hybrid nanofluids (Ag + 

Zn + Dw) were 420 W, 282W, 51%. 

 

 
 

Figure 4. Comparison of distilled water experimental 

findings with previous study results 
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Figure 5. Dimensionless thermal properties of Mono 

nanofluid (Ag + Dw) 

 

 
 

Figure 6. Hybrid nanofluid (Ag+Zn + Dw) dimensionless 

thermal properties 

 

 
 

Figure 7. Nu number versus Reynolds number at Ф=4 vol% 

for (Ag + Dw) 

 

 
 

Figure 8. Nu number versus Re number at Ф=4 vol % for 

(Ag+Zn + Dw) 

 
 

Figure 9. Nu number versus Reynolds number at Ф=4 vol% 

for (Ag + Dw) 

 

 
 

Figure10. Nu number versus Re number at Ф=4 vol % for 

(Ag+Zn + Dw) 

 

 
 

Figure 11. Nu number versus Reynolds number at Ф=6 vol% 

for (Ag + Dw) 

 

 
 

Figure 12. Nu number versus Re number at Ф=6 vol % for 

(Ag+Zn + Dw) 
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Figure13. Enhancement versus Re at different Ф for (Ag + 

Dw) 

 

 
 

Figure 14. Enhancement ver sus Re at different Ф for (Ag + 

Zn + Dw) 

 

 
 

Figure15. Enhancement versus Re at different Ф for (Ag + 

Dw) 

 

 
 

Figure 16. Enhancement versus Re at different Ф for (Ag + 

Zn + Dw) 

 
 

Figure 17. Enhancement versus Re at different Ф for (Ag + 

Dw) 

 

 
 

Figure 18. Enhancement versus Re at different Ф for (Ag + 

Zn + Dw ) 

 

 
 

Figure 19. Exergy inflow of mono nanofluid (Ag + Dw) at 

different Φ 

 

 
 

Figure 20. Exergy inflow of hybrid nanofluid (Ag+Zn + Dw) 

at different Φ 
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Figure 21. Exergy destruction of mono nanofluid (Ag + Dw) 

at different Φ 

 

 
 

Figure 22. Exergy destruction of hybrid nanofluid (Ag+Zn + 

Dw) at different Φ 

 

 
 

Figure 23. Exergy efficiency of mono nanofluid (Ag + Dw) 

at different Φ 

 

 
 

Figure 24. Exergy efficiency of hybrid nanofluid (Ag+Zn + 

Dw) at different Φ 

6. CONCLUSION 

 

The summary results from used two types of mono and 

hybrid nano fluids are much as follows: 

1) Mono and hybrid nanofluid forms play a very 

important role in enhancing the heat transfer and 

refrigeration of car radiators. 

2) The thermal conductivity of the silver is due to the 

size of nanoparticles and, the heat transfer increase 

for the mononanofluid (Ag (25nm) + Dw) was 

greater than hybrid nanofluid (Ag (50nm) + Zn 

(50nm) + Dw). A decrease in the temperature 

gradients is caused by the high value of thermal 

diffusivity and the boundary layer thickness increases 

accordingly. 

3) The use of mono and hybrid nanofluid as a working 

fluid results in higher efficiency of heat transfer, 

which promotes the performance of the car engine 

and decreases fuel consumption. 

4) With the increase of mono and hybrid nanofluid inlet 

temperature, fraction of nanoparticle volume and 

number of Reynolds, the number of Nusselt increased. 

5) Owing to the nanoparticles size and the thermal 

conductivity of silver, the thermal conductivity for 

mono nanofluids (Ag + Dw) was greater than for 

hybrid nanofluids (Ag + Zn + Dw). 

6) The exergy in flow, exergy destruction and exergy 

efficiency of mono nanofluid (Ag +Dw) are greater 

than hybrid nanofluid (Ag + Zn + Dw) and distilled 

water. 

7) With increasing nanoparticle concentration, the 

exergy inflow, exergy degradation, and exergy 

efficiency for the two forms of mono and hybrid 

nanofluid increase. 
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NOMENCLATURE 
 

Symbol Quantity units 

Q Thermal energy  J 

h heat transfer coefficient W/m2 k 

A peripheral area m2 

Cp Specific heat J/kg k 

�̇� Mass flow rate kg/s 

Tw Wall Temperature ℃ 

Tb Bulk temperature  ℃ 

Ta Ambit temperature  ℃ 

Dhy hydraulic diameter  m 

knf Thermal conductivity of 

nanofluid 

W/m2 K 

Nu Nusselt number _ 

ExL Exergy loss  W 

Exi Exergy inlet  W 
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