
Tikrit Journal of Engineering Sciences (2017) 24 (3) 52 - 63                                                          52 

 

ISSN: 1813-162X (Print) ; 2312-7589 (Online) 

Tikrit Journal of Engineering Sciences 

available online at: http://www.tj-es.com  

 
 

 

Khalid Faisal Sultan * 

 
 
 
 
 

Electromechanical Engineering 
Department 
University of Technology 
Baghdad 
Iraq  

 

 

 
 

 

 

Keywords: 
 

Nanofluid 

ethylene glycol 

enhancement 

metallic 

nano metallic 

 

 
 
 

 
 

A R T I C L E  I N F O  
 

Article history: 

 
Received             01 June 2014 

Accepted             22 February 2017 

Available online  30 September  2017 T
ik

ri
t 

Jo
u

rn
a

l 
o

f 
E

n
g

in
ee

ri
n

g
  

S
ci

en
ce

s 
  
  

T
ik

ri
t 

Jo
u

rn
a
l 

o
f 

E
n

g
in

ee
ri

n
g
 S

ci
en

ce
s 

  
  

T
ik

ri
t 

Jo
u

rn
a
l 

o
f 

E
n

g
in

ee
ri

n
g

 S
ci

en
ce

s 
  

  
 T

ik
ri

t 
Jo

u
rn

a
l 

o
f 

E
n

g
in

ee
ri

n
g
 S

ci
en

ce
s 

  
 T

ik
ri

t 
Jo

u
rn

a
l 

o
f 

E
n

g
in

ee
ri

n
g
 

S
ci

en
ce

s 

Experimental Analysis of Heat 
Transfer Enhancement and Flow 
with Cu, TiO2 Ethylene Glycol 
Distilled Water Nanofluid in Spiral 
Coil Heat 
 
A B S T R A C T  
 

This experimental investigation was performed to improve heat transfer in the heat 

exchanger (tube of shell and helically coiled (using nanoparticles for turbulent 

parallel flow and counter flow of distilled water (Dw) and ethylene glycol (EG) 

fluids. Six types of nanofluids have been used namely: copper – distilled water, 

copper – distilled water and ethylene glycol, copper – ethylene glycol, titanium 

oxide – distilled water, titanium oxide – distilled water and ethylene glycol, 

titanium oxide – ethylene glycol with 0.5%,1%,2%,3% and 5% volume 

concentration as well as the range of Reynolds number are 4000 – 15000. The 

experimental results reveal that an increase in coefficient of heat transfer of 50.2 

% to Cu – Dw, 41.5% to Cu – ( EG + Dw ), 32.12 % for Cu – EG , 36.5% for TiO2 

– Dw, 30.2 % to TiO2 – ( EG + Dw) and 25.5%, to TiO2 – EG . The strong 

nanoconvection currents and good mixing caused by the presence of Cu and TiO2 

nanoparticles. The metal nanofluids give more improvement than oxide nanofluids. 

The shear stress of nanofluids increases with concentration of nanoparticles in the 

case of parallel and counter flow. The effect of flow direction is insignificant on 

coefficient of overall heat transfer and the nanofluids behave as the Newtonian 

fluid for 0.5%,1%,2%,3% and 5%. Good assent between the practical data and 

analytical prediction to nanofluids friction factor which means the nanofluid 

endure pump power with no penalty.  This study reveals that the thermal 

performance from nanofluid Cu – Dw is higher than Cu – (EG + Dw) and Cu – EG 

due to higher thermal conductivity for the copper and distilled water compared with 

ethylene glycol. 

 © 2017 TJES, College of Engineering, Tikrit University 
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لتيتانيوم مع اثيلين كلايكول وأوكسيد ا ،                                                         انتقال الحرارة  والجريان للموائع النانوية باستخدام النحاس       تحسين  العملي في  لتحليلا
     وماء مقطر في مبادل حراري حلزوني

 الخلاصة

اء مقطر واثلين كلايكول ني مع متحقيق عملي لتحسين انتقال الحرارة والجريان بواسطة استعمال جزئيات نانوية مثل النحاس وأوكسيد التيتانيوم من خلال مبادل حراري حلزو
إثيلينِ كلايكول ،  –أثيلين كلايكول ، نحاس وماء مقطّرَ  –ماء مقطّرَ، نحاس  -وهي نحاسوللجريان مضطرب متوازي ومتعاكس. ستةّ أنواعِ مِنْ الموائع النانوية استعملت 

. %0.5 , %1 ,%2 ,%3 ,%5كول مع تراكيز حجميه هي إثيلين كلاي -ماء مقطّرَ وأثيلين كلايكول، أوكسيد التيتانيومِ  –ماء مقطّرَ، أوكسيد التيتانيوم  –أوكسيد التيتانيوم 
 , Cu – Dw, 41.5% Cu – (EG + Dw), 32.12 % Cu – EG % 50.2 ال الحرارة كانت كالتاليانتق الزيادة بمعاملبينت النتائج العملية ان 

 .EG – 2TiO ,25.5% ,EG  + Dw)(  – 2TiO % Dw , 30.2 – 2TiO 36.5% لجزئيات النانوية مثل النحاس واوكسيد التيتانيوم يساهم بتوليد تيارات اوجود
ي تحتوي على اكاسيد نانوية. تحسين في انتقال الحرارة من الجزئيات النانوية الت أكثرتكون  نانوية معدنيةحمل نانوية قوية وخلط جيد الموائع النانوية التي تحتوي جزئيات 

ى معامل انتقال الحرارة الكلي وية يزداد مع زيادة التركيز الحجمي للجزئيات النانوية ولجريان متوازي ومتعاكس. ولا تأثير لتغير اتجاه الجريان علاجهاد القص للموائع النان
تجريبيةِ والتحليلية لمعامل الاحتكاك النتَائجِِ الوتكون هذه الموائع النانوية هي موائع نيوتنية للتراكيز المأخوذة في الدراسة. وهذه المقالة بينت ايضا ان هناك توافق جيد بين 

من  أفضلء المقطر يكون مع الماللموائع النانوية. كما واوضحت هذه الدراسة ان الموائع النانوية لأتسبب جزأ بطاقة الضخ. ان الدراسة بينت ان الاداء الحراري للنحاس 
 كلايكول. س مع اثيلين كلايكول بسبب الموصلية العالية للنحاس والماء المقطر مقارنة مع اثيلينالنحاس مع الماء المقطر واثيلين كلايكول وكذلك من النحا
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Nomenclature 

𝑏 coil pitch 

𝐷 shell diameter, (m) 

𝑑 diameter of the spiral coiled, (m) 

𝐷𝑒 dean number 

𝐷𝑊 distilled water 

𝐸 roughness of the test tube 

𝐸𝐺 ethylene glycol   

𝑓 friction factor 

𝑓𝑐 friction factor of coil 

𝑘𝑛 thermal conductivity of nanofluid, (W/m K) 

𝑃𝑟 Prandl number 

𝑅2 coefficient of determination 

𝑅𝐶 curvature radius of the coil 

𝑅𝑒 Reynolds number 

𝑈0 overall heat transfer coefficient, (W/m2 K) 

Greek symbols 

∆P pressure drop, (Pa) 

𝜇𝑛 dynamic viscosity nanofluid, (N s/m2) 

𝜌𝑛 density of nanofluid, (kg/m3) 

𝛾 shear rate, (1/s) 

𝜙 nanoparticle volume fraction 

Subscripts 

𝑏 base fluid 

𝑐 counter flow 

𝑖 inlet 

𝑛 nanofluid 

𝑝 parallel flow 

1. INTRODUCTION 

Heat exchangers are used in various applications e.g. 

heating of thermal oil, generation of steam, plants of 

thermal processing, processing of food and dairy air 

conditioning, refrigeration and processes of heat recovery. 

The advantageous causes of helical coil tubes are high 

coefficient of heat transfer and small size compared with 

straight tubes. The cost and efficiency of the heat 

exchangers are very important factors in industry process; 

there must be an exact equation to determine the heat 

transfer. All engineering applications include heat transfer 

through a fluid medium such as refrigeration, automobiles, 

power plants and heat exchangers. Heat transfer in fluids, 

essentially, is convection. However, heat transfer 

coefficients depend on thermal conductivity of the fluid. 

To improve its a suspension of solid particles and in 

general solids thermal conductivity is greater than that of 

fluids. But the mill and micro sized nanoparticles are liable 

to plug and deposition in micro channels. On the other 

hand, nanofluid is on stable suspension at a low 

concentration of nanoparticles. The improvement of the 

fluid thermal conductivity is due to disperse in fluid of the 

conventional heat transfer and occurs without problems as 

plug and deposition and sedimentation and clogging. Pak 

and Cho [1], investigated experimentally the turbulent 

friction and heat transfer behaviors of dispersed fluids 

(Al2O3 and TiO2 particles suspended in water) in a circular 

pipe. Lee et al. [2], observed enhancement of thermal 

conductivity of nanofluids using CuO and Al2O3 

nanoparticles with water and ethylene glycol compared to 

base fluids. The thermal conductivities of nanofluids with 

CuO and Al2O3 nanoparticles have been determined 

experimentally using steady – state parallel – plate 

technique by Wang et al. [3], for different base fluids such 

as water, ethylene glycol and engine oil. The thermal 

conductivity of these nanofluids is increased with 

increasing volume fraction of the nanoparticles. 

Xuan and Li [4], studied the augmentation of thermal 

conductivity of Cu–water nanofluid for different volume 

fractions of Cu nanoparticles. Xuan and Roetzel [5], 

concluded from their findings that the heat transfer 

enhancement is due to the increase of thermal conductivity 

and to thermal dispersion which is caused by random 

motion of the particles that coupled with enhanced thermal 

conductivity.  

Das et al. [6], investigated the variation of the thermal 

conductivity of a nanofluids (Al2O3 – water and CuO–

water) with temperature using temperature oscillation 

technique. They observed that an increase in the thermal 

conductivity with temperature. Yang et al. [7], measured, 

experimentally, the convective heat transfer coefficients of 

several nanoparticles – in – liquid dispersions under a 

laminar flow in a horizontal tube heat exchanger. Koo and 

Kleinstreuer [8], showed that the Brownian motion has 

more impact on the thermal properties of the nanofluid than 

thermo – phoresis. Herish et al. [9] have conducted an 

experiment to determine the thermal conductivity of Al2O3 

– water nanofluid during forced convection in a laminar 

flow through a circular tube with a constant wall 

temperature. Recently, Zhang et al. [10], measured the 

thermal conductivity and thermal diffusivity of Au – 

toluene, Al2O3 – water, TiO2 – water, CuO water and 

carbon nanotubes – water nanofluids using the transient 

short – hot – wire technique.  Heat transfers of laminar and 

turbulent flows in coiled tubes were calculated by Seban 

and McLaughlin [11]. Regers and Mayhew [12] has been 

calculated pressure drop and heat transfer that heated 

helically using a coiled tubes by using steam heat.      

This study indicates that failing to in the gain in the 

wall temperature uniformly because the large core region 

of the remaining work flow. The objective of this study is 

to analyze the characteristics of heat transfer and fluid flow 

in a heat exchanger of spiral tube for both, parallel flow 

and counter flow configurations using base fluid and 

nanoparticles. The effects of the nanoparticles 

concentration and different based fluids such as ethylene 

glycol, distilled water and ethylene glycol distilled water 

are investigated. 

2. NANOFLUID PREPARATION 

The two – steps method was used to prepare 

nanofluids from base fluid and copper (Cu) or titanium 

oxide (TiO2) nanoparticles. Nanoparticles dispersion is in 

three types of base fluid which are namely: distilled water, 

ethylene glycol and the mixture of ethylene glycol and 

distilled water with volume ratio of 60:40. After prepare of 

the nanofluids and packed in an ultrasonic blender for half 

an hour to aggregate and disperse of a nanoparticle. The 

acidic pH is much less than the isoelectric point of these 

particles, thus ensuring positive surface charges on the 

particles. The surface enhanced repulsion between the 

particles producing uniform dispersions through the 
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experiments. An image of a nanofluids containing Cu 

(50nm) and TiO2 (50nm) are displayed in Fig. 1.  

 

A: Copper–Ethylene glycol    

B: Titanium oxide – Ethylene glycol 

C: Ethylene glycol 

Fig.1. Nanofluids for two types and ethylene glycol. 

2.1. Analysis of Geometric Shape for Heat 
Exchanger 

Fig. 2 reveals geometric shape for heat exchanger 

(spiral coiled and shell heat exchange type). 

The curvature ratio of the coil is as follows: 

𝛿 =
𝑑

2𝜋𝑅𝑐
                                                                                (1) 

The non – dimensional pitch is as follows: 

𝛾 =
𝑏

2𝜋𝑅𝑐
                                                                               (2) 

Dimensionless factors for heat exchanger in this study 

are as follows:  

 

𝑅𝑒𝑖 =
𝜌𝑉𝑖𝑑𝑖
𝜇

                        ,          𝑁𝑢𝑖 =
ℎ𝑖𝑑𝑖
𝑘
              

𝐷𝑒 = 𝑅𝑒𝑖 (
𝑑𝑖
2𝑅𝑐

)
0.5

           ,         𝐻𝑒 =
𝐷𝑒

(1 + 𝛾2)0.5
    
}
 
 

 
 

  (3) 

 

Fig. 2. Geometric shape of heat exchanger. 

Mori and Nakayama [13] investigated experimentally 

a curved pipe with UHF within large De. These articles 

indicate that the two regions of the flow are: BL near the 

wall and steam condensation on the surface of coil. 

Shell – side Reynolds number (𝑅𝑒𝑜) and Nusselt 

number (𝑁𝑢𝑜) are defined as follows: 

𝑅𝑒𝑜 =
𝜌𝑉𝑜𝐷ℎ
𝜇

                     ,         𝑁𝑢𝑜 =
ℎ𝑜𝐷ℎ
𝑘

                   (4) 

where: 𝑉𝑜, ℎ𝑜 and 𝐷ℎ are the average velocity, convective 

heat transfer coefficient and the hydraulic diameter of the 

shell side respectively. 

2.2. Experimental Facility and Procedure 

An experimental apparatus and a schematic diagram 

are used in this work which are shown in Figs. 3 and 4. And 

a test section is shown in Fig. 5. The heat exchanger is 

made of Pyrex (soft glass) and the test section is a helical 

coiled tube of di = 10 mm and do = 12 mm. This helical 

tube has 34 turns and the coil length is 750 mm. The Pyrex 

(soft glass) shell has 70 mm inner diameter and 80 mm 

outer diameter and 1000 mm length. The set–up has helical 

coiled tube side loop and another side of shell loop. Six 

types of nanofluids flow in helically coiled tube and this 

type used copper – distilled water, copper – distilled water 

and ethylene glycol, copper – ethylene glycol, titanium 

oxide – distilled water, titanium oxide – distilled water and 

ethylene glycol, titanium oxide – ethylene glycol. Shell 

side loop handles hot water. 

 

Fig .3. The experimental system of the convective heat 

transfers and flow characteristics for the nanofluid. 

The studied volume fractions of the nanofluids are (Ф 

= 0.5%,1%,2%,3% and 5%). Shell side loop consists of a 

storage vessel of 20 liter capacity with a heater of 3.25 kW, 

control valve, water pump and a temperature thermostat. 

The test section consists of a heat exchanger (type shell and 

spiral tube), pump, needle valve, flow meter of (0.01–3.5) 

lpm range, cooling unit and a storage vessel of 10 liter 

capacity. The temperature hot water of the inside the 

storage vessel (shell side) is maintained via thermostat. The 

inlet and outlet temperatures of the shell and tube are 

measured using four T – type thermocouples of 0.15 oC 

accuracy. 

 

Fig . 4. Schematic diagram of the apparatus. 
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Fig .5. Test section (Pyrex spiral annulus). 

The wall temperatures of the coiled are measured by 

eight T– type thermocouples. The pressure drop is 

measured by a pressure gauges that are fixed via the helical 

tube. The shell is insulated using an Acrylic resin coating 

the fiberglass sleeve in order to minimize the heat loss from 

the shell to the atmospheric. The distilled water is tested 

prior to the nanofluid. And after finishing of construction 

and calibration of the flow loop then, testing of the loop's 

functionality for measuring Nusselt number and viscous 

pressure loss. The numbers of the total tests are 200. At the 

experiments starts with injecting a hot and then cold water 

to check there is any leakages. The thermocouples and 

thermostat are also checked. This six types of nanofluids 

used in the experiments (Cu –DW,Cu – EG,CU – ( EG 

+DW), TiO2 – DW, TiO2 – EG and TiO2 – (EG+DW)) at 

0.5, 1, 2, 3, 5 vol%. The nanofluids of different 

concentrations would spin through the coil tube while the 

pump that inside the is switched on when Dw reaches the 

required temperature. Furthermore, the thermostat is 

attached to Dw storage system for this process. 

The parallel flow condition is used for flow 

configuration of first case. Temperatures are recorded at 

the steady state.  This procedure is repeated for all the 

concentrations. On the other hand, the counter flow was 

used in the second case, when the flow configuration is 

changed. The same steps are used in the counter flow. The 

volume flow rate in the shell has a fixed value of 2.25 lpm 

while the volume flow rate in the coil tube was varied. The 

volume flow rate in the coil tube is (0.75-2) lpm. And 

Reynolds number range is (4000–15000). 

2.3. Measurement of the Nanofluid Thermal 
Properties  

The dynamic viscosity (μ) is measured using brook 

field digital viscometer model DV–E. Figs. 6 and 7 show a 

comparison between the practical measurement of 

dynamic viscosity with that obtained from the empirical 

relation of Einstain, 1956 model [14], Brinkman, 1952 

model [15], Wang et al. model [16] and Batchel model 

[17]. Figs. 8 and 9 represent viscosities of the two types of 

nanoparticles Cu and TiO2 with three types of the base 

fluids DW, EG, EG+DW. The following equipment are 

used to measure the thermal properties (𝜌,𝜇,K,Cp) 

respectively. Density is gained by weighing sample and 

volume, viscometer model (DV – E), Hot Disk thermal 

constants analyzer (6.1) and specific heat apparatus (ESD 

– 201). However, the measure density is in a good 

agreement with the calculated values of that based on [18] 

theory as shown in Figs. 10 and 11. Figs. 12 and 13 reveal 

density for the six types of nanofluids. Figs. 14 and 15 

indicated the experimental measurements of the thermal 

conductivity that compared with the thermal conductivity 

models of many researchers such as Wasp model [19], 

Hamilton and Crosser [20], Maxwell model [21] and Timo 

Feeva et al. model [22]. These results showed a good 

agreement between the Wasp model. Figs. 16 and 17 show 

the thermal conductivity ratio of the two types of 

nanoparticles Cu and TiO2 with three types of the base 

fluids DW, EG, EG + DW. As well as the measure values 

for Cp compared with the two models of Cp [23, 24] which 

are shown in Figs. 18 and 19. The second model showed a 

good agreement with the measured values. Figs. 20 and 21 

depicted the specific heat for the six types of nanofluids. 

The increase in the (μ, ρ, k and CP) ratios are as follows 

10.25%, 5.33%, 16% and 7.2% respectively. This is for the 

first type of nanoparticle while in the second type of 

nanoparticles ratios are 8.12%, 3.62%, 11.9% and 2.95% 

at 5 vol% and 250C as compared with that of the distilled 

water. 

 

Fig. 6. Viscosity ratio for Cu - (EG+DW). 

 

Fig. 7. Viscosity ratio for TiO2 - (EG+DW). 

3. DATA ANALYSIS AND VALIDATION 

The heat transfer for the distilled water, ethylene 

glycol and ethylene glycol. Distilled water are estimated 

using Eq. (5) and for nanofluid using Eq. (6). Fouling 

factor is not taken into account.  

𝑄𝑊 = 𝑚𝑊𝑐𝑃𝑤(𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡)𝑊                                              (5) 

𝑄nf = 𝑚nf𝑐𝑃nf(𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡)nf                                              (6) 
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𝑞 =
𝑄𝑊+𝑄nf
2

                                                                           (7) 

The temperature data and the heat transfer rate were 

used to calculate the overall heat transfer coefficient, Uo, 

as following [25]: 

𝑈𝑜 =
𝑞

𝐴o 𝐿𝑀𝑇𝐷
                                                                     (8) 

where: 𝐴𝑜  surface area; q is the rate of heat transfer; and 

LMTD is the log of the mean temperature difference.   

𝐿𝑀𝑇𝐷 =
(∆𝑇2 − ∆𝑇1)

ln (
∆𝑇2
∆𝑇1

)
                                                         (9) 

Also  

𝑄 = ℎ𝑖𝐴𝑖(𝑇𝑊 − 𝑇𝑏)                                                            (10) 

𝑁𝑢𝑖 =
ℎ𝑖𝑑𝑖
𝑘𝑛𝑓

                                                                          (11) 

where: 𝑇𝑊 is the wall temperature, 𝑇𝑏  is the bulk 

temperature, 𝐴𝑖 is the inside area and ℎ𝑖 is the inner heat 

transfer coefficient. 𝑈𝑜  and ℎ𝑖 are calculated using Eqs. (8) 

and (10). 𝑁𝑢𝑖 is calculated using Eq. (11). The coefficient 

of overall heat transfer is often associated with the inner 

and the outer heat transfer coefficients using the 

subsequent equation [25]: 

1

𝑈𝑜
=

𝐴𝑜
𝐴𝑜 ℎ𝑖

+
𝐴𝑜 ln (

𝐷𝑖
𝑑
)

2𝜋𝑘𝐿
 +

1

ℎ𝑖
                                       (12) 

The Nusslet number in the shell side of the heat 

exchanger is calculate as follows. 

𝑁𝑢𝑜 =
ℎ𝑜𝐷ℎ
𝑘𝑛𝑓

                                                                       (13) 

where: 𝐷ℎ is the shell hydraulic diameter that calculate as 

following: 

𝐷ℎ =
4(𝑉shell − 𝑉tube)

𝜋(𝐷 + 𝑑)(𝐿shell + 𝐿tube)
                                      (14) 

 

Fig. 8. Three types of viscosity ratio for Cu –DW, Cu - 

EG and Cu - (EG+DW). 

 

Fig. 9. Three types of viscosity ratio for    TiO2 – DW, 

TiO2 – EG and TiO2 – (EG+DW) 

 

Fig. 10. Comparing the density ratio with the mixing 

theory for Cu. 

 

Fig. 11. Comparing density ratio with the mixing theory 

for TiO2. 

 

Fig. 12. Three types of density ratio for Cu. 
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Fig. 13. Three types of density ratio for TiO2. 

 

Fig. 14. Thermal conductivity ratio for Cu –(EG+DW). 

 

Fig. 15. Thermal conductivity ratio for TiO2 –(EG+DW). 

 

Fig. 16. Three types of thermal conductivity ratio for Cu. 

 

Fig. 17. Three types of thermal conductivity ratio for 

TiO2. 

 

Fig. 18. The specific heat ratio for Cu –(EG+DW). 

 

Fig. 19. The specific heat ratio for TiO2– (EG+DW). 

 

Fig. 20. The three types of the specific heat ratio for Cu. 
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Similarly, the coefficient of heat transfer, the 

nanofluids flowing friction factor via the heat exchanger 

are calculated as follows. 

𝑓𝑛𝑓 =
2𝐷∆𝑃𝑛𝑓

𝐿𝜌𝑛𝑓𝑢𝑛𝑓
2                                                                     (15) 

where: 𝑓𝑛𝑓 is the nanofluid friction factor,  ∆𝑃𝑛𝑓is the 

nanofluid measured pressure drop, L is the  tube length, 

𝜌𝑛𝑓   is the nanofluid density, and un is the  nanofluid mean 

velocity. The empirical relations between the nanofluids 

properties were compared with experimental results 

viscosity, density, thermal conductivity and specific heat. 

A. Nanofluid viscosity models 

Equation Ref. 

𝜇𝑛𝑓 = (1 + 2.5𝜙)𝜇𝑛𝑓  [14] 

𝜇𝑛𝑓 = (1 − 𝜙)
−2.5𝜇𝑏𝑓  [15] 

𝜇𝑛𝑓 = (1 + 7.3𝜙 + 123𝜙
2)𝜇𝑏𝑓  [16] 

𝜇𝑛𝑓 = (1 + 2.5𝜙 + 6.2𝜙
2)𝜇𝑏𝑓  [17] 

A. Nanofluid density model. 

Equation Ref. 

𝜌𝑛𝑓 = (1 − 𝜙)𝜌𝑏𝑓 +  𝜙𝜌𝑏𝑓 [18] 

B. Nanofluid thermal conductivity models [19–22 ]. 

𝑘𝑛𝑓 =
𝑘𝑏 + (𝑛 − 1)𝑘𝑏 − (𝑛 − 1) (𝑘𝑏 − 𝑘𝑝)𝜙

𝑘𝑏 − (𝑛 − 1)𝑘𝑏 + (𝑘𝑏 − 𝑘𝑝)𝜙
𝑘 

𝑘𝑛𝑓 = [
𝑘𝑏 + 2𝑘𝑏 + 2(𝑘𝑏 − 𝑘𝑝)𝜙

𝑘𝑏 + 2𝑘𝑏 − (𝑘𝑏 − 𝑘𝑝)𝜙
] 𝑘𝑏 

𝑘𝑛𝑓 = (1 + 3𝜙)𝑘𝑝 

C. Nanofluid specific heat models. 

Equation Ref. 

𝑐𝑛𝑓 = (1 − 𝜙)𝑐𝑏𝑓 + 𝜙𝑐𝑃 [23] 

𝑐𝑛𝑓 =
(1 − 𝜙)(𝜌𝑐)𝑏𝑓 + 𝜙(𝜌𝑐)𝑃

𝜌
 [24] 

 

Fig. 21. Three types of the specific heat ratio for TiO2. 

4. RESULTS AND DISCUSSION  

In this article the experimental data for the friction 

factors and coefficient of heat transfer are compared with 

Shokouhm and Salimpour [26], Salimpour [27] data for a 

flow in a helical coiled heat exchanger which are defined 

as follows: 

𝑁𝑢𝑖 = 0.112𝐷𝑒0.51𝛾−0.37𝑃𝑟0.72                                      (16) 

𝑁𝑢𝑜 = 5.48𝑅𝑒0.511𝛾0.546𝑃𝑟0.226                                     (17) 

The friction factor for a turbulent flow in a helical 

coiled tube, 𝑓, is determined as [28].  

𝑓𝑐 =
7.0144

𝑅𝑒
 √𝐷𝑒                                                               (18) 

Figs. 22 and 23 show a good agreement between the 

experimental results and the calculated one for using 𝐷𝑤. 

Figs 24 - 26 show the 𝑈𝑜 of the counter flow versus the 𝑈𝑜 

of parallel flow for three types of nanofluids (Cu –DW,Cu 

– EG and CU – ( EG +DW)). These figures showed a good 

agreement between data. 𝑈𝑜 of the counter flow is 6%–

12% greater than that for the parallel flow at 0.5 vol % 

for three types of nanofluids (Cu –DW,Cu – EG and CU 

– ( EG +DW)). 𝑈𝑜 of the counter flow is 25%–52% 

greater than that for the parallel flow at 5 vol% for the 

same three types of nanofluids. This means that there 

insignificant effect of change the heat transfer flow.  

 

Fig. 22. A comparison between the measured and a 

calculated heat transfer coefficient that based on [26,27]. 

 

Fig. 23. A comparison between the measured friction 

factor and the calculated one [28,29]. 

 

Fig. 24. Overall heat transfer coefficient for two types of 

flow configuration (counter and parallel) of Cu – DW 

nanofluid. 
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Fig. 25. Overall heat transfer coefficient for two types of 

flow configuration (counter and parallel) of Cu – EG 

nanofluid. 

 

Fig. 26. Overall heat transfer coefficient for two types of 

flow configurations (counter and parallel) of Cu – 

(EG+DW) nanofluid. 

The reason behind that is: the primary and secondary 

flow in the tube is perpendicular on the direction of the 

shell wall. The changing flow direction does not affect  𝑈𝑜. 

The results from the counter flow Configuration is similar 

to the that of parallel flow. Heat transfer rates, however, are 

much higher in the counter flow configuration, due to the 

increase of the log of the mean temperature difference. 

Figs 27  - 38 show the change of 𝑁𝑢𝑖  with 𝐷𝑒 for both, 

parallel and counter flow. These figures show an 

insignificant effect on the 𝑁𝑢𝑖  for using nanofluids (Cu –

DW,Cu – EG,CU – ( EG +DW), TiO2 –DW, TiO2 – EG 

and TiO2 – ( EG +DW)). This is the reason for the flow 

configuration and ℎ𝑖. Also the centrifugal force and the 

secondary flow have an adverse negative effect. And 

also 𝑁𝑢𝑖  increases with 𝜙 increse. 

 

Fig. 27. Variation of 𝑁𝑢𝑖 to nanofluid (Cu-DW) and 

counter flow. 

          

Fig. 28. Variation of 𝑁𝑢𝑖  to nanofluid (Cu-DW) and 

parallel flow. 

 

Fig. 29. Variation of 𝑁𝑢𝑖 to nanofluid (Cu–EG) of 

parallel flow. 

 

Fig. 30. Variation of 𝑁𝑢𝑖  to a nanofluid (Cu–EG) of 

counter flow. 

In general, the thermal conductivity is proportional to 

the convective heat transfer. The experimentally 

determined coefficients of nanofluids friction are 

shown in Figs. 39 - 44. The experimental friction 

coefficient results of TiO2 at 0.5%, 1%, 2%, 3% and 5% 

particle volume concentration are shown in these figures. 

Solid line indicates that the experimental results of 

distilled water and the symbols indicate the nanofluids for 

turbulent flow.  The friction factor of nanofluids (TiO2 –

DW, TiO2–EG and TiO2–(EG+DW)) are proportional to 

the friction factor of the distilled water at low volume 

fraction concentration of a spiral coil heat exchanger. 

These figures show that the coefficient of friction of TiO2 
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is slightly increased compared with that of the distilled 

water at high volume fraction concentration due to 

nanoparticles suspension in Dw. Most of TiO2 data are 

located above the line of the distilled water. The friction 

factor in the spiral coil heat exchanger had an 

insignificant effect with changing the concentrations of 

the nanoparticles. 

 

Fig. 32. Variation of 𝑁𝑢𝑖  with nanofluid Cu – (EG + Dw) 

of counter flow. 

 

Fig. 33. Variation of 𝑁𝑢𝑖  with nanofluid  (TiO2 –DW) of 

parallel flow. 

 

Fig. 34. Variation of 𝑁𝑢𝑖  with nanofluid (TiO2 –DW) of 

counter flow. 

In this case, there is no need for pumping power. An 

excess in pressure was noticed when using a nanofluid 

due to small nanoparticles suspension in Dw which did not 

change the nanofluid flow behavior. The pressure drop of 

the base fluid, ethylene glycol is smaller than the base fluid 

of the distilled water.  

 

Fig. 35. Variation of 𝑁𝑢𝑖  to nanofluid (TiO2 –EG) and 

parallel flow. 

 

Fig. 36. Variation of 𝑁𝑢𝑖  to nanofluid (TiO2 –EG) and 

counter flow. 

 

Fig. 37. Variation of 𝑁𝑢𝑖  with nanofluid TiO2 – (EG + 

DW) of parallel flow. 

Figs. 45 - 50 show the shear stress versus the shear 

rate for the nanofluids (Cu–DW,Cu–EG and CU–

(EG+DW) at 0.5%, 1%, 2%, 3% and 5% particle volume 

concentration. These figures indicated that the 
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nanoparticles and distilled water are a Newtonian fluid. 

As well as these figures indicated the shear stress increases 

with the increase of the shear rate of the nanofluids Cu–

DW, Cu–EG and CU–(EG+DW). These figures indicated 

the flow curve of the nanofluids which is measured using a 

spiral coil heat exchanger. The shear stress is increased 

with the volume fraction of parallel and counter flow 

nanofluids. The use of the nanofluid gives significant 

higher Nusselt number than the distilled water and ethylene 

glycol as a based fluid. Also the results indicated that an 

increase in h of 50.2% to Cu–Dw, 41.5% to Cu–(EG+Dw), 

32.12% to Cu–EG and 36.5%. to TiO2 – DW, 30.2 % for 

TiO2 – (EG + DW), 25.5%, for TiO2 – EG.  

 

Fig. 38. Variation of 𝑁𝑢𝑖  with nanofluid TiO2 – (EG + 

Dw) of counter flow. 

 

  Fig. 39. The friction factor with nanofluid (TiO2 –DW) 

of parallel flow. 

 

Fig. 40. The friction factor with nanofluid (TiO2 – DW) 

of counter flow. 

 

Fig. 41. The friction factor with nanofluid (TiO2 – EG) of 

parallel flow. 

 

Fig. 42. The friction factor with nanofluid (TiO2 – EG) of 

counter flow. 

 
Fig. 43. Variation of friction factor for nanofluid TiO2 of 

(EG +DW) for parallel flow. 

 

Fig. 44. Variation of friction factor for nanofluid TiO2 

with (EG +DW) for counter flow. 
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Fig. 45. Shear stress against shear rate for nanofluid (Cu–

DW) and parallel flow. 

 

Fig. 46. Shear stress against shear rate for nanofluid  (Cu 

– DW) and counter flow. 

 
Fig. 47. Shear stress against shear rate for nanofluid (Cu –

EG) and parallel flow. 

 
Fig. 48. Shear stress against shear rate for nanofluid (Cu –

EG) and counter flow. 

 

Fig. 49. Shear stress against shear rate for nanofluid Cu – 

(EG+DW) and counter flow. 

 

Fig. 50. Shear stress against shear rate for nanofluid  Cu–

(EG+DW) and parallel flow. 

The presence of the nanoparticles (Cu and TiO2) 

produces a strong nano convection current and good 

mixing.  The enhancements in the metal nanofluids are 

better than the oxide metal nanofluids. The coefficient of 

overall heat transfer is insignificant effect on the flow 

direction change and the nanofluids behave as the 

Newtonian fluid for 0.5%, 1%, 2%, 3% and 5%. The 

experimental results of the frication coefficient of the 

nanofluid show that there is a good agreement with data of 

the Colebrook formula. This means that it does not need 

pumping power and a high value for the pressure purpose 

drop when using a nanofluid which makes it appropriate 

for experimental. This study proved that the thermal of the 

nanofluid Cu–DW is higher than that of Cu–(EG+DW) and 

Cu–EG nonofluid due to a higher thermal conductivity for 

the silver and distilled water compared with ethylene 

glycol. 

5. CONCLUSIONS  

The main conclusions of the present experimental 

article are: 

1. The type of nanoparticles and base fluid played an 

important role in the improvement of the heat transfer 

by the nanofluids. 

2. The presence of Cu and TiO2 nanoparticles attributes to 

the generation a good mixing.  

3. The coefficient of overall heat transfer had insignificant 

effect on the of the flow direction of the nanofluid (Cu–



63                                                                                   Khalid Faisal Sultan / Tikrit Journal of Engineering Sciences 24 (3) 2017 (52-63) 

DW,Cu – EG and CU – ( EG +DW), TiO2 –DW, TiO2 

– EG and TiO2 – ( EG +DW))  which behaved as a 

Newtonian fluid for 0.5%,1%, 2%, 3% and 5%. 

4. The improvement due to the metal nanofluid is better 

than that of the oxide metal of nanofluids.   

5. The improvement of the nanofluid does not increase the 

thermal conductivity only but it affects other 

parameters i.e., viscosity of nanofluid, base fluid. 

6. The shear stress of the nanofluids increases with the 

increasing volume fraction of the nanoparticles of 

parallel and counter flow. 

7. The nanofluid with Dw is nearly the same for the 

pressure drop and friction coefficient while nanofluid 

with ethylene glycol is smaller than EG. This means 

that there is no need for pumping power and pressure 

drop.  
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