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فً هزا انثحث تى فحص تعضٌض َقم انحشاسج عذدٌاً فً انًثادل انحشاسي رو الأَثىب انًضدوج رو انتذفق انًعاكس يع صعاَف يستطٍهح  : الخلاصة

 CFD. تى إخشاء انًحاكاج انعذدٌح ثلاثٍح الأتعاد تاستخذاو حضيح ANSYS 20.R1 عهى انسطح انخاسخً نلأَثىب انذاخهً تىاسطح تشَايح

فً الأَثىب  دسخح سٍهٍضٌح 25تًٍُا ٌتذفق انًاء انثاسد عُذ  دسخح سٍهٍضٌح 60عُذ  انذاخهًانحدى انًحذود. ٌتذفق انًاء انساخٍ فً الأَثىب  طشٌقحو

إنى  كدى/ثاٍَح.0.0 نهداَة انساخٍ و   كدى / ثاٍَح 0.00إنى  كدى/ثاٍَح 0.0.0ٌكىٌ انتذفق صفائحٍاً تخًس يعذلاخ تذفق خًاعٍح يٍ  انخاسخً.

حشاسج فً انقُاج انخاسخٍح نهقم اتًثاتح سائم َ SiO₂و  Al₂O₃َىعاٌ يٍ انسىائم انُاَىٌح انًحتىٌح عهى تى إضافح كدى / ثاٍَح نهداَة انثاسد.  0.00

يعذل اَتقال انحشاسج. ٪. وأظهشخ انُتائح أَه كهًا صاد تشكٍض انسىائم انُاَىٌح صاد .٪ إنى 0.00)تذفق انسائم انثاسد( تأستعح تشكٍضاخ يختهفح يٍ 

تانًقاسَح يع انًاء انًقطش ،   ٪00.0 تحسٍٍ / ياء تُسثح Al₂O₃ انًائع انُاوي انحذ الأقصى نًعايم َقم انحشاسج ٌُتًً إنى كاٌ٪ ، .عُذ تشكٍض 

انًىائع انُاَىٌح  يٍ ٪ فً يعايم اَتقال انحشاسج يقاسَح يع انًاء انًقطش. ٌظُهش كلا1.نه تعضٌض تُسثح  ء/ يا SiO₂ انًائع انُاوي فً حٍٍ أٌ

٪( ، تًٍُا ٌحتىي انسائم 00.0اَخفاضًا أعهى تُسثح ) ياء/ SiO₂ انًائع انُاَىي اَخفاضًا أعهى فً انضغظ يقاسَحً تانًاء انًقطش حٍث ٌعطً

 ٪( يٍ اَخفاض انضغظ...00/ انًاء عهى ) Al₂O₃انُاَىي 

1. INTRODUCTION 

The double pipe heat exchanger plays an important role in the application of industry and engineering such as 

air-conditioning, refrigeration, power plants and nuclear reactor etc. It is quite obviously and well documented 

this kind of heat exchanger making a significant contribution to reheating, preheating, pasteurizing, effluent 

heating process and digester heating. Double pipe heat exchangers have been used by many small industries due 

to their small needed for maintenance and low cost of design [1]. The effect of using longitudinal rectangular 
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In this paper, the heat transfer enhancement in a counter-flow double pipe heat 

exchanger with longitudinal rectangular fins on the outer surface of the inner 

tube was numerically investigated by ANSYS 20.R1 software using CFD 

package and finite volume method. Hot water flows in the inner tube at 60℃ 

while cold water flows in the outer tube at 25℃. The flow is laminar with five 

mass flow rates from 0.012kg/s to 0.02kg/s) for hot side and from 0.01kg/s to 

0.03kg/s for cold side. Two types of nanoparticles Al₂O₃ and SiO₂ have been 

added to produce nanofluids as heat transfer fluid in the external channel (cold 

fluid flow) with four different concentrations from 0.04% to 1%. Results 

showed, as the concentration of Nanofluids increased, the heat transfer rate also 

increased. At 1% concentration, the maximum heat transfer coefficient was 

belonged to Al₂O₃/water nanofluid by 22.3% enhancement in comparison with 

distilled water, while the SiO₂/water nanofluid has enhancement of 19% in heat 

transfer coefficient in comparison with the distilled water. Both nanofluids show 

higher pressure drop compared with distilled water where the SiO₂/water 

nanofluid gives a higher drop of (33.2%), while the Al₂O₃/water nanofluid has 

(32.1%) of the pressure drop. 
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and triangular fins, which were placed on the outer surface of the inner pipe in the double pipe heat exchanger, 

was investigated numerically. Moreover, the effect of using different heights (4mm, 6mm and 8mm) of 

rectangular fins was examined. The results showed that the rectangular fins could give the highest heat transfer 

as the 6mm height of fins was optimum [2]. A number of different longitudinal fins (2*3*1000mm), which were 

installed on the outer surface of the inner pipe in the DPHE, were used. The results showed that as the number 

of fins increased, they would maximize the heat transfer rate. At the same time, the gap between the fins will be 

minimized which in turn increased the velocity. Due to the additional velocity of the fluid, the effectiveness will 

be affected and the pressure drop increased and needed more pumping power. By comparison between the 

mechanical power losses and the thermal energy gain, it was found that the optimum design was the model with 

eight fins [3].  

Researchers and academics have been paying close attention to the heat transfer enhancement by employing 

nanofluids in recent years. Because traditional fluids (clean water, ethylene-glycols, etc.) have limited 

thermophysical qualities and poor thermal conductivity, novel fluids have been developed to improve heat 

transfer [4]. In a double pipe heat exchanger using TiO₂/water nanofluid with four mass fractions (0, 0.1, 03 and 

0.5) in corrugated and smooth pipes. The results show that the corrugated heat exchanger with TiO₂/water 

enhanced the heat transfer. The flow characteristics of all three mass fractions are better compared to distilled 

water which provided a higher capability of heat than smooth double pipe heat exchanger. When cold fluid is 

the Nanofluids, the heat capacity enhanced as the hot fluid flow increased. [5].  

A CFD study in a DPHE by using Al2O3 with a volume concentration (1-2%) for both (Newtonian and 

nonnewtonian), turbulent flow in the outer cylinder and with an insulating surface from the surrounding was 

conducted. The inner pipe had a constant heat flux and different fin heights (1, 2, 3mm) and fin pitches (80, 160, 

320mm) were used. The findings showed that as the volume concentration increased the Nusselt number also 

increased and decreased with the increasing of the fin pitch. When the friction factor decreased the use of 

circular fins enhanced the heat transfer for both Newtonian and non-Newtonian nanofluids. The Newtonians’ 

fluid showed a high efficiency [6]. A twisted tape with a rectangular cut on its edges and various nanoscale 

fluids of titanium dioxide (TiO₂), beryllium oxide (BeO), zinc oxide (ZnO) and copper oxide (CuO), was 

inserted into the base fluid (water) using a double pipe heat exchanger (DPHE). The results showed that the 

thermal performance increased for the three types of nanofluids and with the insertion of twisted tape as well. 

The TiO₂ nanofluids had the best option to exchanged heat with a special twisted tape insertion that was inserted 

in the flow range.[7].  

An experimental study in the counter-flow DPHE by using multiple inner longitudinal fins under turbulent 

conditions and different volume concentrations of Fe₃O₄ from 0% to0.4%, was conducted. The results indicated 

an improvement in heat transfer in the finned tubes with a higher volumetric concentration of 0.4% of Fe₃O₄ - 
water nanofluids due to the fin design and presence of nanofluids compared to the normal pipe. Furthermore, the 

friction factor was three to four times greater than that of the ordinary tube and 3.75 times at 0.4% [8]. Two 

configurations (parallel and counter flow) and cooling fluids of two types of nanofluids (AL₂O₃ and TiO₂) were 

used in a DPHE and volume concentrations from 0.05% to 0.3%, the results presented that at small rates of flow 

the usage of nanofluids absorbed more heat than water by improving the thermo physical properties which 

enhanced the thermal performance of the heat exchanger. The thermal conductivity of (AL₂O₃) nanoparticles 

was greater than the nanoparticles of (TiO₂) and increased at a high concentration of 0.3% as well for all types 

of nanofluids the counter flow configuration was better than the parallel flow configuration [9]. An experimental 

study in a tube in tube heat exchanger using CeO₂/water nanofluid with (1,2 and 3%) concentrations and various 

flow rates (1.5, 2, 2.5 and 3lpm). The results illustrated that as the concentration of nanoparticles increased, the 

viscosity and the thermal conductivity of nanofluid increased and the enhancement observed with 3% 

concentration. The overall heat transfer coefficient rises with the increase in volume concentration. At higher 

nanofluid rate of flow, the pressure drops increased and caused the pumping power required also increased. A 

higher thermal performance factor was found at 2% volume concentration and 2.5lpm flow rate [10]. In the 

current study, rectangular fins are used with a height of 6mm [2] and two types of nanofluids (Al₂O₃/water and 

SiO₂/water) are used with four concentrations of nanoparticles from (0.4% to 1%). The current study includes 

two parts; the first one is to investigate the effect of concentrations of nanofluids and the second one is to 

inspect the type of nanofluids of heat transfer rate/ heat transfer coefficient and Performance evaluation criteria. 
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2. THE PHYSICAL MODEL AND BOUNDARY CONDITIONS  

The CFD model includes a finned tube of longitudinal fins geometry are shown in Figure (1), which simulated 

using Ansys.R1 program. Table (1) shows the dimensions of the heat exchanger. The flow is laminar for both 

sides and the hot water flow in the inner tube at 60℃ with five mass flow rates (0.012, 0.014, 0.016, 0.018 and 

0.02 kg/s), while the cold-water flow in the annular tube at 25℃ with five mass flow rates (0.01, 0.015, 0.02, 

0.025 and 0.03 kg/s). The outlet field was set as pressure outlet for the hot and cold sections and the thermal 

condition was coupled for both PVC and copper tubes with stationary wall motion and no-slip shear condition. 

The simple approach is used to solve momentum and energy equations with a second order of pressure and 

velocity, resulting in a stable solution to the problem. For the energy equation and other equations, the 

convergence requirements are set to     . Figure (2) exhibited iterations of the simulations work of the finned 

pipe of the heat exchanger at 0.016kg/s (hot water mass flow rate) and 0.03 kg/s (cold water mass flow rate). 

Figure (3) clearly shows the output cold water temperature that became constant at (2000) iteration of the 

rectangular fins. 

 
Figure 1 Configurations of the CFD models. 

 
Figure 2 Residuals of the CFD simulation. 
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Figure 3 Relation between the outlet cold water Temperature and the number of iterations 

 

 

Table 1 The dimensions of the heat exchanger 

No. Specifications  Dimensions 

(mm) 

Materials 

1 

(°

C

) 

Fin height 6  

Copper 2 

(°

C

) 

Fin thickness 2 

  3 Inner pipe diameter 19.945 

  4 Thickness 1.14 PVC 

  5 Outer pipe diameter 42.6 

  6 Thickness 3.7 

  7 Length of Heat exchanger and fins 1000 - 

 

3. GOVERNING EQUATIONS 

Some assumptions should be addressed in order to complete the numerical solution and acquire the final form of 

the governing equations for the current investigation. The flow is assumed to be in a steady-state, laminar and 

three-dimensional design. The fluid flow is Newtonian in the nature and incompressible state. A single-phase 

model and the outer surface of the annular pipe were insulated and the Radiation heat transfer is neglected. The 

continuity equation, momentum conservation, and energy equations in three dimensions are the governing 

equations that are derived from the basic equations of fluid dynamics and utilized to solve for the flow field 

[11]. 
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 Energy equation 
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4. RESULTS AND DISCUSSIONS 

4.1. Mesh generation and grid independency 

In the engineering CFD simulation, to increase the accuracy of the simulation, the complicated geometries are 

splitting into pieces that may be used to discretize a domain because the more accurate the mesh, the more 

correct the 3D model. There are two types of mesh structured and unstructured. In the current work, the 

unstructured mesh of tetrahedron and wedges were used and take notice of wedges elements which are 

positioned near the walls using inflation layers [12]. Figure (4) shows the mesh of the full model while figure 

(5) shows the grid independence test was achieved in the reliability of mesh because the poor design of the grid 

may lead to a decrease in the accuracy of the simulation results. The mesh was refined in each case until it 

reached a point where the results were not noticeable. Figure (5) shows that the variation in the temperature is 

not significant with the increase in the number of elements. The number of elements (4788691) was found to be 

appropriate for the current study. 

 

Figure 4 Mesh domain 
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Figure 5 Grid independence test between the cold-water outlet and No. of elements 

 4.2.Validation work 

The current work was validated with an experimental work of a counter-flow double pipe heat exchanger of [9] 

with a constant inlet velocity. Figure (6) shows the comparison between outlet temperatures of the hot water 

side and mass flow rates. The error deviation of the hot temperature difference was 9.88% which refers to a 

good agreement. 

 

Figure 6 The difference of hot water temperature variation flowrates 

 

4.3.The effect of nanofluids concentrations 

In this part, different concentrations of nanofluids with (0.4%, 0.6%, 0.8% and 1%) volume fractions of 

(Al₂O₃/water and SiO₂/water) evaluated and investigated. Figure (7) illustrates the relation between the heat 

dissipation and the mass flow rates of the cold side at different concentrations. It’s found that as the 

concentration of nanoparticles increased, the heat dissipation also raised. The heat dissipation of nanofluids is 

found to be higher than the water with respect to increasing mass flow rates. The enhancement percentage of 

heat dissipation where used nanofluids compared to distilled water, The (Al₂O₃/water) nanofluids is found to be 

(5.6%, 6.2%, 6.7% and 7.2%) while (SiO₂/water) was (3.9%, 5%, 5.6% and 6.3%) at (0.4%, 0.6%, 0.8% and 

1%) of volume fractions which both respectively, higher than water and nanoparticles of (Al₂O₃) show higher 
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heat dissipation than (SiO₂). The heat transfer rate increased with the increase in the concentrations and this 

increment is due to adding nanoparticles which have higher thermal characteristics in the water that has low 

thermal conductivity. So, it enhances the thermal properties of water in addition to the thermal conductivity that 

plays an important role in heat dissipation by fluids. 

 

                            (a)                                                                                     (b)                                               

 

(c)              

Figure 7 Relation between heat dissipation and cold-water mass flow rates using rectangular fins at             for 

water and different concentrations of SiO₂ and Al₂O₃ 

Figure (8) shows the variation between the heat transfer coefficients and different mass flow rates of the cold 

side. Obviously, it can be seen that the heat transfer coefficients were improved with the increase in the 

concentration of nanofluids of (Al₂O₃/water and SiO₂/water) and both nanofluids show higher heat transfer 

coefficients than water. The enhancement of heat transfer coefficients of (Al₂O₃/water) nanofluids is found to be 

(17%, 19%, 21% and 22.3%) while (SiO₂/water) was (13%, 15.7%, 18% and 19%) at (0.4%, 0.6%, 0.8% and 

1%) of volume fractions. This growth in heat transfer coefficient is due to growing of nanofluids’ thermal 

conductivity and lessening the thermal boundary layer thickness which caused by the Brownian velocity which 

represents the ratio between the nanoparticle diameter and the time taken by it to move a distance equal to the 

nanoparticle diameter which in turn the intensity of turbulence was increased and caused the thermal variance 

near the walls raised. The (Al₂O₃/water) nanofluids has (14%) higher heat transfer coefficient than (SiO₂/water) 

at concentration of (1%). 
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                           (a)                                                                                     (b)                                               

 

                                                                                              (c)                           

Figure 8 Relation between heat transfer coefficient and cold-water mass flow rates using rectangular fins at 

            for water and different concentrations of SiO₂ and Al₂O₃ 

4.4.The effect of nanofluid types 

Two types of nanofluid (Al₂O₃/water and SiO₂/water) with (1%) volume fraction and 20 nm molecular diameter 

according to the gained results from (Sect. 4.3) are used to investigate their effects on heat transfer rate and heat 

transfer coefficients for different mass flow rates of (0.01kg/s to 0.03kg/s) for cold side and (0.012kg/s to 

0.02kg/s) for hot side. Table 2 indicates the characteristics of the nanoparticles and water. 

Table 2 Properties of nanoparticles and water  

Fluid 
Diameter 

(mm) 

Density 

(Kg/m
3
) 

Thermal conductivity 

(W/m.
o
C) 

Specific heat 

(J/kg.
o
C) 

Al2O3 20 3970 40 765 

SiO2 20 2220 1.2 703 

Water - 997 0.607 4180 

 

Figure (9) displays the relation between heat dissipation and different mass flow rates of cold side at various 

types of nanofluids. With the increase of mass flow rates, all nanofluids show a rise in heat dissipation. Highest 

amount of heat was noted in the (Al₂O₃/water) compared to water and (SiO₂/water) nanofluid. The density of the 

(Al₂O₃/water) higher than (SiO₂/water) and this is may be the reason that the turbulence increased and effected 

on the recycling religions with the increasing in the mass flow rates which in turns rising the velocity of the 

nanofluid. The thermal properties of nanofluids were higher than base water and the thermal conductivity of the 

(Al₂O₃/water) higher than (SiO₂/water) and for these reasons the temperature gradients near the walls increased 
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and raising the heat dissipation. The enhancement in heat dissipation at (1%) volume fraction for (Al₂O₃/water) 

was (7.2%), while (SiO₂/water) was (6.3%) over distilled water. 

 

 
 
                             (a)                                                                                            (b)                           

                     

 
                                                                                       (c)                           

Figure 9 Relation between heat dissipation and cold-water mass flow rates using rectangular fins at             for 

water and (1%) concentration of SiO₂ and Al₂O₃ 

    Figure (10) show the variation between the heat transfer coefficients at different nano concentrations for rectangular fins 

with different mass flow rates of cold side. At concentration of (1%) the Al₂O₃/water show an enhancement of (22.3%) in 

heat transfer coefficients, while SiO₂/water was (19%) over distilled water and the reason for this case is due to thermal 

conductivity of nanofluids was higher than water and the thermal conductivity of Al₂O₃/water was higher than SiO₂/water. 
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(c)                           

Figure 10 Relation between heat transfer coefficient and cold-water mass flow rates using rectangular fins at 

            for water and (1%) concentration of SiO₂ and Al₂O₃ 

  4.5.The effect of the nanofluids on the thermal performance factor 

Figure (11) depicts the effect of nanoparticles’ concentrations of (Al₂O₃/water) and (SiO₂/water) on Performance 

evaluation criteria with the using of rectangular fins at 6 mm height. It was noted that by increasing 

concentrations of nanofluids from (0.4% to 1%) and increasing mass flow rates for cold side, the performance 

for the heat exchanger increased for both nanofluids due to increasing the heat transfer performance. At (1%) 

concentration the (Al₂O₃/water) has (9.4%) an enhancement of thermal performance, while (SiO₂/water) has 

(5.2%) over distilled water. 

  

                                    (a)                                                                                         (b)              

  

 

(c)                           

Figure 11 Relation between Performance evaluation criteria and cold-water mass flow rates using rectangular fins at 

            for water and (1%) concentration of SiO₂ and Al₂O₃ 
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 4.6.The effect of nanoparticles concentrations on pressure drops 

In this part the effects of (Al₂O₃ and SiO₂) nanoparticles on pressure drop was investigated at a practical 

diameter of (20nm) and four volume fractions from (0.4% to 1%) using rectangular fins and water as a base 

fluid as shown in Figure (12) which displays the difference between the pressure drop and different mass flow 

rates of cold side for water and nanofluids at (1%) concentration. By compared to pure water. As the 

concentration of nanofluids increased, the pressure drop was also increased due to the higher density and 

viscosity of nanofluids with compared to water. The pressure drop of SiO₂ nanoparticle has a pressure drop of 

(33.2%), while (Al₂O₃) has (32.1%) with compared to water at (1%) compared to distilled water also it has 

(3.5%) pressure drop higher than (Al₂O₃) and since the (SiO₂/water) nanofluid has a smaller amount of density 

than the (Al₂O₃/water) nanofluid, it has a faster velocity, resulting in increased pressure drop. 

 

Figure 12 Relation between pressure drop and cold-water mass flow rates using rectangular fins at             for 

water and concentration (1%) of SiO₂ and Al₂O₃  

4.7. Temperature Contours 

In the present study, the heat transfer rate increased by using longitudinal fins and adding nanoparticles to 

distilled water to increase the thermal conductivity. Two types of nanofluids, (Al₂O₃ and SiO₂/water) nanofluid 

with particles diameter of 20nm and volume fraction of (0.4%, 0.6%, 0.8% and 1%) have been considered. 

Rectangular fins were presented over mass flow rates ranged from (0.01 to 0.03) kg/s for cold side and (0.012 to 

0.02) kg/s for hot side as shown in figure (13) displays the temperature contours along finned tube of rectangular 

fins for different nanofluids with (1%) concentration which simulated by ANSYS FLUENT its obviously seen 

that the temperature of cold fluid increase from the inlet to outlet while the hot fluid decreased the temperature 

from inlet to outlet. The higher temperature represented by reddish colour while the lower temperature 

represented the bluish colour. 

  

                                      (a)                                                                                      (b) 

Figure 13 Displays the contours of mid-section at 1% concentration of a) SiO₂, b) Al₂O₃ at               and 
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5. CONCLUSIONS 

The heat exchange of various water-based nanofluids in a double pipe counter-flow heat exchanger with 

longitudinal fins placed on the outer surface of the inner tube is investigated in this paper. The following are the 

results reached. 

 The design of the rectangular fins and the presence of nanofluids could improve the heat transfer for 

finned tubes 

 By increasing the concentration of the nanofluids from 0.4% to 1%, the thermal performance 

increased for both (Al₂O₃/ and SiO₂) with compared to water and the 1% concentration gives a high 

heat transfer performance. 

 The maximum thermal performance factor attained at 1% concentration and by use of (Al₂O₃/water) 

nanofluid which gives an enhancement of (44.7%) higher than (SiO₂/water) nanofluid. 

 Heat transfer coefficient increases with the increase of mass flow rates and concentration of 

nanofluids and the (Al₂O₃/water) nanofluid has 14% an enhancement over SiO₂/water at 1% 

concentration. 

 As the nanofluids concentrations increased, the pressure drop was also increased and the 

(Al₂O₃/water) nanofluid gives a high rate of pressure drop by (3.5%) higher than (SiO₂/water) 

nanofluid. 

 

FUNDING 

The author received no direct funding for this research. 

REFERENCES  

1. Mohamad O, Mousa F and Mohamad J, (2017). A comprehensive review on double pipe heat 

exchangers. Applied Thermal Engineering, (110) 1075–1090. 

2. Ban GRA and Zena kk, (2021). Enhancement the Heat Transfer Rate of a counter flow heat 

exchanger by Using Longitudinal Fins with Different Cross- sections and Heights. Design 

Engineering (Toronto), 8: 9273-9285. 

3. Nail FT, Omar AMA and Asaad KA, (2019). Longitudinal Fin Effect on Effectiveness of 

Double Pipe Heat Exchanger. Proceedings of the 4th International Conference on Industrial 

Engineering, Lecture Notes in Mechanical Engineering, Springer Nature Switzerland. 

4. Mohammed, H. A., Hasan, H. A., & Wahid, M. A. (2013). Heat transfer enhancement of 

nanofluids in a double pipe heat exchanger with louvered strip inserts. International 

Communications in Heat and Mass Transfer, 40, 36-46. 

5. Ding, Z., Qi, C., Luo, T., Wang, Y., Tu, J., & Wang, C. (2021). Numerical simulation of 

nanofluids forced convection in a corrugated double‐pipe heat exchanger. The Canadian 

Journal of Chemical Engineering, 1–11. 

6. Mozafarie, S. S., Javaherdeh, K., & Ghanbari, O. (2021). Numerical simulation of nanofluid 

turbulent flow in a double-pipe heat exchanger equipped with circular fins. Journal of 

Thermal Analysis and Calorimetry, 143(6), 4299-4311. 



B. GH. R. Ali et al.  

 

 Wasit Journal of Engineering Sciences 2022 10(2)                                                                                                            pg. 56 

7. Gnanavel, C., Saravanan, R., & Chandrasekaran, M. (2020). Heat transfer enhancement 

through nano-fluids and twisted tape insert with rectangular cut on its rib in a double pipe heat 

exchanger. Materials Today: Proceedings, 21, 865-869. 

8. Gnanavel, C., Saravanan, R., & Chandrasekaran, M. (2020). Heat transfer enhancement 

through nano-fluids and twisted tape insert with rectangular cut on its rib in a double pipe heat 

exchanger. Materials Today: Proceedings, 21, 865-869. 

9. Mushtaq IH, Mohammed DS and Ayat LT, (2018). Enhancement Of Thermal Performance of 

Double Pipe Heat Exchanger by Using Nanofluid. Journal of Engineering and Sustainable 

Development, 22 (2), (part-6).  

10. Ravindra PS, Kamal Sh and Kuwar M. (2022). Effect of CeO2 nanofluids on heat transfer in 

tube in tube heat exchanger- An experimental study. International Journal of Mechanical 

Engineering, Vol. No. 1 January. 

11. Khata, N. D., Kadim, Z. K., & Khalaf, K. A. (2021, February). Numerical and experimental 

Study of Heat Transfer Enhancement in Contour Corrugated Channel Using nanofluid and 

Engine Oil. In IOP Conference Series: Materials Science and Engineering, 1076 (1), pp. 

012086). IOP Publishing. 

12. El Maakoul, A., Laknizi, A., Saadeddine, S., Abdellah, A. B., Meziane, M., & El Metoui, M. 

(2017). Numerical design and investigation of heat transfer enhancement and performance for 

an annulus with continuous helical baffles in a double-pipe heat exchanger. Energy 

conversion and management, 133, 76-86. 

 

 


