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ABSTRACT 

   This work presents an experimental study of the heat transfer coefficients of shell 

and helically coiled tube heat exchangers. Three heat exchangers with different coil 

pitches were tested for both parallel-flow and counter-flow arrangement. Water is 

used as working fluids in shell side and tube side. The study is conducted at the hot 

water mass flow rates ranging between (0.02 - 0.12) kg/s while cold water is kept 

constant at (0.055 kg/s). The range of inlet temperatures of cold and hot water are 

(19 - 28 °C), and (50 - 80 °C), respectively. All experiments were performed at the 

Dean Number for coiled side range of (3803 - 12117). The work is performed to 

evaluate the influence of the tube diameter, coil pitch, shell-side and tube-side mass 

flow rate, and inlet temperatures of tube-side over the axial temperature 

distribution of heat exchanger, effectiveness, modified effectiveness and heat 

transfer coefficient. The evaluating has been performed for the steady-state . The 

results indicate that the major effect on the axial temperature distribution of heat 

exchanger was the mass flow rate ratio (mr). Also the modified effectiveness 

decreased with increasing mass flow rate ratio. The main influence on the shell-

side heat transfer coefficient was coil pitch. Develop an equation to correlate 

Nusselt Number as function of Reynolds Number, Prandtl Number, Dean Number 

and helical coil Number. 
 

Keywords: Shell and Coiled Tube, Heat Exchanger, Heat Transfer Coefficient.  
 

 دراسة عملية لمعامل انتقال الحرارة لمبادل حراري مكون
 حلزوني واسطوانة من ملف

 

 الخلاصــــــة 
لمعاملات انتقال الحرارة بالحمل القسري  لمبادل حرراري مور    يقدم هذا العمل دراسة عملية      

حلرو   م  اسط انة )الصدفة(  انب ب ملف ف بشرول حلو نر ت ترم ااتيرار مرلاا ملفرات  بردر ات 
( لمقطع الأاتبار  لل ريا  المت اوي  المتعراو.ت ترم اسرتعمال المراب البرارد coil pitchesماتلفة )

 الحار وس ائل تشغيل م   انب الأسط انة  الملف الحلو ن  علر  التر ال ت  ررت الدراسرة بنسرب 
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 0.055). عنرد ( بينمرا المراب البرارد يبقر  مابرت kg/s 0.12 - 0.02تدفق للماب الحار تترا ح بري  )

kg/s) (  28 - 19ا  مدى در رات الحررارة لردا ل المراب البرارد  الحرارتترا ح بري °C(  )50 - 

80 °C  الغرض  ا  (12117 - 3803).( عل  الت ال ت ول الت ارب اديت للأعداد دي  تتر اح بي
  معرردل( coil pitches) يم ترريمير وررل مرر  نطررر ادنبرر ب ل در ررة الحلررو  يررمرر  هررذا العمررل هرر  تق

علر  ورل مر    در ة حرارة الردا ل مر   انرب الملرف التدفق م   انب الملف  م   انب الصدفة
دل ررة  معامررل انتقررال  عق شررول ت ويررع در ررات الحرررارة المح ريررة دااررل المبررادلل الفعاليةلالفعاليررة المن

 تشرير ت طفقر الحرارة لول م  ال ريا  المت اوي  المتعاو.ت ااذت  ميع القرابات للحالة المسرتقرة
 علرر  شررول ت ويررع در ررات الحرررارة المح ريررة دااررل المبررادل الحررراريالترريمير الرئيسرر   النتررائأ   

ت ( mrالفعاليرة المعدلرة تقرل مرع ويرادة نسربة التردفق ) ت تشير النتائأ ايضاً ا (mrوانت نسبة التدفق )
( coil pitches) لرو  در رة الح ( وا  hoالتيمير الرئيس  عل  معامل انتقال الحرارة الاار   ) 

 ت تط ير معاددت لربط عدد نسلت  بعدد رين لد  عدد برانتل   عدد دي ت
 

 

Nomenclature 
Overall conductance of heat 

exchanger, W/ oC  
UA 

 
Area, m2 A 

Overall heat transfer coefficient, 

W/m2. K  
U surface of the coiled tube, m2 Ac 

Velocity, m/s V 
Heat capacity ratio of the two 

fluids (Cmin/Cmax) 
Cr 

     Greek Symbols 

 
Specific heat, J/kg. K Cp 

Thermal diffusivity, m2/s Α Diameter, m D, d 

Temperature difference, oC ∆T 
Heat exchanger hydraulic 

diameter ,m 
Dh 

Fluid viscosity, kg/m.s µ Dean number De 

Mass density, kg/m3 Ρ Heat exchanger height, m H 

Kinematic viscosity, m2/s Υ 
Heat transfer coefficient, 

(W/m2·K) 
h 

Heat exchanger effectiveness Ε Helical coil number He 

Modified effectiveness ε′ Thermal conductivity, W/m·K k 

                  Subscript  

 

 
Total length of coils, m           Lc 

Coil c 
Logarithmic mean 

temperature difference, oC 
LMTD 

Inner i Mass flow rate      mṁ 

Outer o 
Tube-side to shell-side mass 

flow rate ratio,  ( ˙mc / ˙msh) 
mr 

Ratio r Number of coils turns N 
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Shell Sh Number of heat transfer units NTU 

Surface s Nusselt number Nu 

Straight  tube St Coil pitch, mm P 

Tube t Prandtl number Pr 

     
mean velocity components, w Q 

 
  

Reynolds number Re 

 
 

Correlation Coefficient            R2 

  
 

Temperature          T 

 
 

INTRODUCTION 

elically coiled-tube heat exchangers are one of the most common 

equipment found in many industrial applications ranging from solar energy 

applications, nuclear power production, chemical and food industries, 

environmental engineering, and many other engineering applications. Helical coils 

are used for transferring heat in chemical reactors and agitated vessels because heat 

transfer coefficients are higher in helical coils. This is especially important when 

chemical reactions have high heats of reaction are carried out and the heat 

generated (or consumed) has to be transferred rapidly to maintain the temperature 

of the reaction. Also, because helical coils have a compact configuration, more heat 

transfer surface can be provided per unit of space than by the use of straight tubes. 

The centrifugal force enhances the heat transfer rate. This phenomenon can be 

beneficial especially in laminar flow regime. Comparison of heat transfer rates 

between a straight tube heat exchanger and a helically coiled heat exchanger were 

investigated by Prabhanjan et al. [1]. They studied the relative advantage of using a 

helically coiled heat exchanger versus a straight tube heat exchanger for heating 

liquids. Most studies focus on constant wall temperature or constant heat flux, 

where as in this study it was a fluid-to-fluid heat exchanger. Results showed that 

the heat transfer coefficient was affected by the geometry of the heat exchanger 

and the temperature of the water bath surrounding the heat exchanger. All tests 

were performed in the transitional and turbulent regimes. Use of a helical coil heat 

exchanger was seen to increase the heat transfer coefficient compared to a similarly 

dimensioned straight tube heat exchanger. Temperature rise of the fluid was found 

to be effected by coil geometry and by the flow rate. Both heat exchangers had 

higher heat transfer coefficients when the bath temperature was increased. Thermal 

performance and pressure drop of a shell and helically coiled tube heat exchanger 

with and without helical crimped fins have been investigated by Naphon [2] .He 

used two different coil diameters with 9.5mm diameter copper tubes having 

H 
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thirteen turns were used. Hot and cold water were used as working fluid in the 

range between 0.10 and 0.22kg/s and between 0.02 and 0.12kg/s, respectively. 

They have shown that with increasing hot water mass flow rate friction factor 

decreased. Rennie [3] studied the double-pipe helical heat exchangers numerically 

and experimentally neglecting the effect of coiled tube pitch. A double-pipe helical 

heat exchanger has been numerically modeled for fluid flow and heat transfer 

characteristics under different fluid flow rates and tube sizes. Dean Numbers for 

the inner tube ranged from 38 to 350. For all cases, the mass flow rates in the 

annulus were either half, equal, or double the flow rate in the inner tube. Two 

different tube diameter ratios were   used.  The overall heat transfer coefficients 

were calculated for both parallel flow and counter flow. The three-dimensional 

governing equations for momentum, continuity, and heat transfer were solved 

using a finite volume based computational fluid dynamics (CFD) code. Validation 

of simulations were conducted by comparing the Nusselt Numbers in the inner tube 

with those found in literature, the results fell within the range found in the 

literature. For the parameters tested in this study, the greatest thermal resistance 

was found in the annular region of the heat exchanger. The thermal resistance of 

this area could be decreased by increasing the inner tube diameter or by increasing 

the flow rate in the annulus. The Nusselt Number in the annulus was correlated 

with a modified Dean number as: 

 

Nu = 0.075De + 5.36                                …   (1) 

 

 It shows a strong linear relationship for the considered range of Dean Numbers 

in this work. 

     The heat transfer coefficients of shell and helically coiled tube heat exchangers 

were investigated experimentally by Salimpour [4]. Three heat exchangers with 

different coil pitches were selected as test section for both parallel-flow and 

counter-flow configurations. All the required parameters like inlet and outlet 

temperatures of tube-side and shell-side fluids, flow rate of fluids, etc.  From the 

results of this study, it was found that the shell-side heat transfer coefficients of the 

coils with larger pitches are higher than those for smaller pitches. Both numerical 

and experimental investigations were conducted to understand convective heat 

transfer from a single round pipe coiled in rectangular pattern by Conté and Peng 

[5]. They studied heat exchangers are composed with inner and outer coils so that 

the exterior flow is very similar to flow within tube-bundles. The inner and outer 

coils of the heat exchangers are in turn composed of bends and straight portions. 

Calculations and experiments were done for two cases with different outside flow 

arrangements. The results showed the effects of geometric arrangement with better 

heat transfer for the case 1 of staggered arrangement mainly due to its more 

tortuous flow characteristics and better mixing of the exterior fluid. The numerical 

and experimental results qualitatively agree well with each other. The numerical 

and experimental results showed that coiling a pipe so that an exterior fluid flows 

over or in tube bundle can help to induce the turbulence without increasing the 

velocity. A numerical investigation of the forced convection heat transfer from 

vertical helically coiled tubes at various Reynolds and Rayleigh numbers, various 
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coil-to-tube diameter ratios and nondimensional coil pitches was studied by 

Mirgolbabaei et al. [6]. They found that with increasing dimensionless coil pitch in 

medium range, the heat transfer coefficient decreases while with increasing the 

pitch to 2 tube diameter, heat transfer coefficient is increased. Also it was 

concluded that heat transfer coefficient decreases by increasing the tube diameter 

for the same dimensionless coil pitch. They used different characteristic lengths in 

the Nusselt Number calculations to determine which length best fits the data and 

finally it has been shown that the normalized length of the shell-side of the heat 

exchanger reasonably demonstrates the desired location. Rahul et al. [7] has 

studied the Development of heat transfer coefficient correlation for concentric 

helical coil heat exchanger. In this study deals with developing a Correlation for 

heat transfer coefficient for flow between concentric helical coils. Existing 

Correlation is found to result in large discrepancies with the increase in gap 

between the concentric coils when compared with the experimental results.  The 

results experimental data and CFD simulations using Fluent 6.3.26 are used to 

develop improved heat transfer coefficient correlation for the flue gas side of heat 

exchanger. Mathematical model is developed to analyze the data obtained from 

CFD and experimental results to account for the effects of different functional 

dependent variables such as gap between the concentric coil, tube diameter and coil 

diameter which affects the heat transfer. One extra parameter has been introduced 

to capture the strong correlations between coil gap and heat transfer coefficient. A 

wide range of data has been analyzed, which covers a wide range of the Reynolds 

number from 20 000 to 150 000. It is found that the extreme range of data 

identified by the ratio of coil gap and tube diameter can introduce significant error 

in the equation (2). The developed equation is only valid, if the specified ratio (Coil 

gap/ Tube diameter) is from 0.55 to 2.25. This covers the most of the practical 

range of the helical coil heat exchanger application. 

 

 

                                                                                .… (2) 

 

     An experimental investigation by Salimpour [8] was performed to study the heat 

transfer characteristics of temperature dependent-property using engine-oil inside 

shell and coiled tube heat exchangers. For this purpose, a well instrumented set-up 

was designed and constructed. Three heat exchangers with different coil pitches 

were tested for counter-flow configuration. Engine-oil was circulated inside the 

inner coiled tube, while coolant water flowed in the shell. They found that the 

increment of oil inlet temperature decreases the heat transfer coefficients. Also, the 

coil-side heat transfer coefficients of the coiled tubes with larger pitches are less 

than those of smaller pitches; and the effect of pitch on Nusselt number is more 

discernible in high temperatures. Finally, based on the results of this study, a 

correlation was developed to predict the coil-side heat transfer coefficients of the 

shell and coiled tube heat exchangers the following functional relationship is 

assumed: 

 

 

09685.03.083469.0 )(PrRe02652.0  ratioGapNu
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                                                                                       …….(3) 

 

 

where: 

Ø=Prb / Prw is the correction factor considered to take into account the effect of 

variable properties of the fluid. 

 

cDp  / ,  b = oil    and   w = water 

 

  The convective heat transfer coefficients in a spiral coil heat exchanger were 

investigated experimentally by Naphon and Wongwises [9].The test section is a 

spiral coil heat exchanger which consists of six layers of spiral coiled tubes. Each 

tube is fabricated by bending a 9.27 mm diameter straight copper tube into a spiral 

coil of five turns. The experiments are done under dehumidifying conditions. The 

results from the experiments are compared with those calculated from correlations 

in other studies. In addition, a new correlation for the tube side heat transfer 

coefficients for spirally coiled tube used under dehumidifying conditions is 

proposed for practical applications such as: 

 

 

                                                                                       …… (4) 

 

 

For                                          

      

     Thermal performance of shell-and-coil heat exchangers were investigated 

experimentally by Nasser et al.  [10].  In this study an experimental investigation of 

the mixed convection heat transfer in a coil-in-shell heat exchanger is reported for 

various Reynolds and Rayleigh numbers, various tube-to-coil diameter ratios and 

dimensionless coil pitch. The purpose of this article is to assess the influence of the 

tube diameter, coil pitch, shell-side and tube-side mass flow rate over the 

performance coefficient and modified effectiveness of vertical helical coiled tube 

heat exchangers. The calculations have been performed for the steady-state and the 

experiments were conducted for both laminar and turbulent flow inside coil. It was 

found that the mass flow rate of tube-side to shell-side ratio was effective on the 

axial temperature profiles of heat exchanger. The results also indicate that the ε-

NTU relation of the mixed convection heat exchangers was the same as that of a 

pure counter-flow heat exchanger. 

      Although there are many works in coil side of shell-and-coil heat exchanger 

correlated to heat transfer coefficient and natural convection on shell-side, but there 

are not many investigations on shell side and forced and mixed convection. In the 

present study the mixed convection heat transfer in a coil-in-shell heat exchanger 

for various Reynolds numbers, various tube-to-coil diameters ratio and different 

dimensionless coil pitch was experimentally investigated. The experiments were 

conducted for turbulent flow inside coil. 

 

153.0151.0388.0496.0 Pr554.0   DeNu i

949.0287.0 Pr358.27  DeNuave

5Pr,300 De
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GEOMETRYOF SHELL AND COILED TUBE HEAT EXCHANGER 

     A typical shell and coiled tube heat exchanger is shown in Fig ure (1). In this 

figure, Dc  is the diameter of the coil, Dsh,i is the inner diameter of shell, Dsh,o is the 

outer diameter and P is the coil pitch. The curvature ratio is defined as the coil-to-

tube diameter ratio, dt / Dc , and the non-dimensional pitch. The specification of 

heat exchanger is given in Table (1). 

 

EXPERIMENTAL SET-UP 

    A schematic diagram of the experimental apparatus is shown in Figure (2) The 

test loop consists of a test section, hot water loop, cold water loop. The set up is a 

well instrumented single-phase heat exchanging system in which a hot water 

stream flowing inside the tube-side is cooled by a cold water stream flowing in the 

shell-side. The main parts of the cycle are coiled tube heat exchanger (1), 

measuring pot (2), storage tank (3), centrifugal pump (4), and heater (5). The heat 

exchangers include a copper coiled tube and an insulated shell. Water was used as 

the hot and cold fluid whereas hot water was pumped to the tank and coil, passing 

through gas heater. The flow rate for hot water was measured by using a calibrated 

measuring cylinder and a stopwatch positioned at the outlet of heat exchanger but 

for cold water by using the volumetric flow meter. The temperature of the inlet 

water of coiled tube to the heat exchanger was controlled by thermostat. Four 

constant temperatures (50, 60, 70 and 80 °c) were considered for inlet mass flow 

rate of coil and water inlet temperature to the shell side was the temperature of the 

tap water. Temperatures were measured using eight K-type thermocouples placed 

at equally distanced locations in order to measure the coil surface and the fluid 

temperature. Four other thermocouples were located at inlets and outlets of heat 

exchanger to measure the temperatures of the hot and cold. Figure (3)  shows the 

apparatus arranged for heat exchanger experiments. The coil was formed carefully 

by using 9.47 and 12.59 mm OD straight copper tubing, located the middle of the 

circular space of the shells of heat exchanger. The range of experimental conditions 

in this study is given in Table (2).  

 

DATA COLLECTION AND ANALYSIS 

     For determining the heat flux rate, assumed that the thermal resistance of the 

copper tube wall was negligible [10]. A temperature of coil surfaces was taken as 

equal to the water temperature inside the coil at the same location in order to 

calculate local heat flux. An overall energy balance was performed to estimate the 

extent of any heat losses or gains from the surrounding. 

    According to the research of Srinivasan [11], the critical Reynolds number for 

the helical pipe flow, which determines the flow is laminar or turbulent, is related 

to the curvature ratio as follows: 

 

 

  Recrit = 2100 [1+ 12(din/ Dc)
 0.5]                                              ….  (5) 

                                                     

                                                                                         …   (6) 

 

 
oi ccccc TTcpmQ 
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                                                                                           ….(7) 

 

                                            

                                                                                        …... (8) 

 

 

      In the present study, only the data that satisfy the energy balance conditions; 

[Qc – Qsh ] /Qavr is less than 10%, are used in the analysis. Experiments were 

conducted with various inlet temperatures and flow rates of hot water and cold 

water entering the test section. 

                              

 

                                                                                       …...  (9) 

 

 

 

                                                                                       …..   (10) 

 

 

  

1
11
















ihU
ho                                                       …… (11)    

 

 

k

Dh
Nu iti

c                                           ……       (12) 

 

   k

Dh
Nu ho

sh                                                          ……         (13) 

 

 

ERROR ANALYSIS                            

   As with report of every experimental research, the analysis of the experimental 

uncertainties in calculating the results must be given proper attention. The method 

proposed by Kline and McClintock [12]. The results are shown in Eq. (14). 

 

 

Nu exact= Nu experiment ± (0.023032 – 7.889717)                         …. (14) 

 

 

RESULTS AND DISCUSSION 

    Results of the Effect of the ratio of mass flow rate of coil-side to shell-side ratio 

(mr) on the axial temperature profiles of heat exchanger for counter-flow are  

shown in Figures (4) to (9). The profiles in counter flow tend to be concave up, 

 
ino shshshshsh TTcpmQ 
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which means that the coil surface temperature is higher than usual at the top and 

then it drops faster than usual while moving toward the bottom of the heat 

exchanger. Figures (4), (5) show typical temperature distributions for coil#1 and 

coil#2 inside the heat exchanger for fixed inlet conditions (mr=0.24 and Tc,i=80°C). 

The nonlinearity coil temperature distribution is such that the profiles tend to be 

concave up, which means that the coil surface temperature is higher than usual at 

the top and then it drops faster than usual while moving towards the bottom of the 

heat exchanger. 

     Figures (6), (7) show typical temperature distributions for coil#1 and coil#2 

inside the heat exchanger for fixed inlet conditions (mr=1 and Tc,i =80°C). The 

temperature rise of a cold fluid is equal to the temperature drop of the hot fluid is 

when the heat capacity rates of the two fluids are equal to each other (Cc ≈ CSh), 

that means axial temperature profile of the coil surface is close to from being linear 

for those figures. 

     Figures (8), (9) show typical temperature distributions for coil#1 and coil#2 

inside the heat exchanger for fixed inlet conditions(mr=4 and Tc,i =80°C). The axial 

temperature profile of the shell-side water is far from being linear for those figures. 

      It can be seen that as the mass flow rate ratio changes, the temperature profile 

changes from an initially concave-up profile to concave-down one. In other words 

the coil surface is colder than usual at the top part and its temperature gradually 

decreases until it reaches its lowest value at the bottom of heat exchanger. The 

value of mr=1 seems to be the critical point. For mr significantly less than unity the 

curves deviate greatly from being linear whereas the curves are close to a straight 

line for mr ≈1. The linear temperature profile means that the shell-side heat transfer 

coefficient is constant along the axis of the heat exchanger. There is a notable drop 

in coil surface temperature. The curves suggest that the shell-side heat transfer 

coefficient is no longer constant. Since it is reasonable to assume that the heat 

transfer is uniform, the product (hoΔT) is constant along the coil surface. Therefore 

a smaller temperature difference means a higher ho value. The magnitude of ho 

starts from a low value at the top and gradually increases to its highest value at the 

bottom of the heat exchanger. Obviously this situation is not desirable since the hot 

stream forfeits its heat very quickly and therefore the heat exchanger does not 

operate at its full capacity. It can be concluded that for such a low shell-side mass 

flow rate, the heat exchanger is oversized in terms of the surface area. 

     Figure (10) shows typical relationship between the inlet coil temperature with 

the LMTD for fixed inlet conditions (mr=1.5) and different coil pitches. It is 

obvious that the LMTD increases with increase inlet hot water temperature due to 

the increase in the temperature difference between the cold water temperature and 

surface coiled tube temperature. It can be seen that for a fixed value of mr, the 

effect of the increase in the inlet coil temperature on LMTD is positive effect.  

Physically, increasing the inlet coil temperature leads to an increase in the heat 

extracted from the hot stream which translates into an increases in the value of the 

LMTD. 

     Figure (11) reveals the relation between the heat transfer rates with mass flow 

rate ratio for different coils and for both parallel-flow and counter-flow 

configurations. The heat transfer rates are highly dependent on decreasing the 
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thermal resistance of the coiled tube. Physically, increasing the inlet coil mass flow 

rate leads to a decreasing in the thermal resistance which translates into an 

increases in the value of the heat lode.  These figure show that the heat load of the 

coil#2 is higher than the heat load of the coil#1 and coil#3 due to increase of the 

surface area of the coil#2. The advantage in using the heat transfer in the counter 

flow configuration and the parallel flow configuration is shown in same figure. The 

graph shows the increase in the heat transfer expected when the flow is changed 

from parallel flow to counter flow. Also a heat transfer rate of the counter flow is 

higher than parallel flow due to increase of the LMTD. 

     In Figures (12) and (13), the modified effectiveness as defined by Eq. (15) [10] 

are  plotted as a function of the mass flow rate ratio for both parallel-flow and 

counter-flow configurations. Modified effectiveness is a ratio between the actual 

temperature drops in coil to maximum possible temperature drops in coil.                                                                                     

Results of the effect of the mass flow rate on the modified effectiveness of the 

counter flow are shown in Figure (12), this figure shows the results of present work 

and Ref. [10].  

 

 

                                                                                     …….   (15) 

  

  Two results show a good agreement between the two works with an error ratio of 

2.026%.  The modified effectiveness decreases rapidly when mass flow rate ratio 

increases from (0.24 – 2) for counter and parallel flow, while for values larger than 

2 the modified effectiveness remains nearly unchanged. This means that for a 

certain heat exchanger, increment of tube-side mass flow rate will always 

downgrade the effectiveness.  The data can be correlated by a simple power 

equation. Eq. (16) is recommended for predicting the effectiveness of heat 

exchanger in the range of   mr from (0.25 to 4). 

 

 

                                                                                     …...    (16)  

 

 

    This equation indicates that modified effectiveness is a strong function of the 

mass flow rate ratios. The shell-side water mass flow rate has a favorable effect 

and tube-side mass flow rate has an adverse effect on the modified effectiveness of 

the heat exchanger. Physically, increasing the mass flow rate ratio means more 

coil-side mass flow rate leads to less temperature fall in the hot stream and 

consequently worsen the modified effectiveness of the heat exchanger. On the 

contrary, little coil- side mass flow rate leads to more temperature fall in the hot 

stream and consequently better the modified effectiveness of the heat exchanger. 

The two mass flow rates, therefore act against each other with the same strength. 

Using the definition of the modified effectiveness Eq. (15) and Eq. (16), one can 

easily derive equations for predicting the tube-side outlet temperature. 
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                                                                                      …….  (17)                 

                                                                             

 

   In general, the inlet temperatures are known, the outlet temperatures of coil side 

can be predicted. 

    Figure (13) shows the results of the effect of the mass flow rate on the modified 

effectiveness of the parallel flow as follow:     

 

 

                                                                                          …..(18) 

      

 

 

 

                                                                                      ……  (19) 

 

 

    The U.A product, of the heat exchanger indicates the ability to transfer heat 

between the hot and cold streams at a certain mean temperature difference. The rate 

of heat transfer increases with increasing the overall heat transfer coefficient 

multiplied by surface area to coil of the heat exchanger, because heat transfer rate 

increase as a result of both shell-side and tube-side heat transfer coefficient 

increase. This is evident from Figures (14) and (15) which include the data from all 

tests for both counter flow and parallel flow respectively. The UA product is 

plotted against the heat transfer rate multiplied by surface area to coil the effect of 

the surface area on the UA product. Physically, increasing the surface area 

increases the heat extracted from the hot stream which translates into an increase in 

the values of the overall heat transfer coefficient. 

    The results from the counter flow configuration were similar to the parallel flow, 

as is, as expected changing the flow direction should have negligible effects on the 

heat transfer coefficients. Heat transfer rates, however, are much higher in the 

counter flow configuration, due the increased log mean temperature difference. The 

counter flow versus the parallel flow overall heat transfer coefficients are plotted in 

Figure (16), where the values plotted against each other are from the same 

experimental parameters. There is a reasonable agreement between the two values. 

   Figure (17) shows the overall heat transfer coefficients versus the Dean number 

for the counter flow. The overall heat transfer coefficients increase with increasing 

inner Dean Number. However, the significance of the increase is a function of the 

ratio of the mass flow rates. The mass flow rate ratio has a significant effect on the 

overall heat transfer coefficient, raising the overall heat transfer coefficient when 

the flow rate in the coil-side is increased. 

    Figures (18) and (19) depict the variation of the effectiveness for the coiled tube 

with the number of transfer units (NTU) at (Cr)  in the range of  (0.24 to 0.99)  for 

both the counter flow and the parallel flow configurations. On these Figures the 
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theoretical curves are plotted for capacity ratios of (C r=0) and   (Cr=1). As can be 

seen, the simulation data fits well with these curves. These figures show that 

increasing the (NTU) for a specified (Cr) caused an increase in the effectiveness 

values. This is due to the dependence of the (NTU) and the effectiveness on the 

overall heat transfer coefficient, therefore, the increasing of the (NTU) means that 

the overall heat transfer coefficient increased at the given surface area, and this led 

to increase the effectiveness.                                                                                 

     The shell-side heat transfer coefficient data was plotted versus heat flux for 

different coil pitch in Figure (20).As the figure shows, the heat transfer coefficient 

enhances with increasing the dimensionless coil pitch. From this figure, it appears 

that the increase of coiled tube pitch leads to higher values of shell-side heat 

transfer coefficient. This may be explained as in smaller coil pitches, the coolant 

water is confined in the space between the successive coil rounds and a semi-dead 

zone is formed. As in this region, the flow of shell-side fluid is decelerated; heat 

transfer coefficients will be descended. Also, it can be easily seen that the 

difference among the coils with different geometries are sprier in high heat flux 

region. 

   The recommended correlation for Nusselt number in turbulent flow in a straight 

tube is [13]: 

 

Nust =0.023 Re0.8 Prn                                                            ……  (20)  

                 

where: st  refers to straight tube.  

     In which the Prandtl number index (n) is equal to (0.3) for the cooling process,  

and this equation is valid for turbulent flow and (0.6 < Pr <100).  Figure (21) 

shows the enhanced Nusselt number for different coil pitch. The increase in the 

coiled tube Nusselt number due to the secondary flow would take hotter fluid and 

pass it through the center of the tube. This would result in a faster transfer of heat 

from the tube surface to the center of the tube. The use of a helical coil heat 

exchanger was seen to increase the heat transfer coefficient compared to a similarly 

dimensioned straight tube heat exchanger. It could deduce from this figure that the 

enhancement in Nusselt number is well-defined in the turbulent flow. 

  

NUSSELT NUMBER CORRELATIONS 

    Figure (22) plots the Nusselt and Prandtl numbers data based on the 

experimental results against the Dean number for coil#1 and (R2 = 0.903) for this 

graph. The correlation of the current experimental data obtained from the curve 

fitting for the range of (1  mr ), (4585< De < 12117) is as follow: 

 

 

                                                                                          …..(21) 

 

where: 
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    For coil#2 the correlation of the current experiment data obtained from the curve 

fitting in Figure (23), (R2 = 0.97) for this graph and the range of (1 mr ), 

(3803< De < 9925) is as follow: 

 

  

                                                                                      …….  (22) 

 

      

  And for coil#3 the correlation of the current experiment data obtained from the 

curve fitting in Figure (24), (R2 = 0.91) for this graph and the range of (1 °mr ), 

(3849< De < 10093) is as follow: 

 

                                                                                        ……(23) 

 

    Figure (25) plots the Nusselt and Prandtl numbers data based on the 

experimental results against the Helical coil number for different coil pitches and 

(R
2 
= 0.903) for this graph. The correlation of the current experiment data obtained 

from the curve fitting for the range of (1 mr ), (3838< He < 12107) is as 

follow: 

 

                                                                                           ….(24) 

 

where: 

 

 

 

 

   Using the definitions of the He and De Eq. (25) can be easily derived. 

 

                                                                                          …..(25) 

 

 

     Correlation was developed to predict the shell-side Nusselt number based on the 

experimental results, a correlation between the Nusselt and Prandtl numbers versus 

Reynolds number for different coil pitches and (R2 = 0.83) for this graph is 

presented in Figure (26). Also the correlation of the current experiment data 

obtained from the curve fitting for the range of (1 mr ), (1450< Re < 1807) is 

as follow: 

 

                                                                                              … (26)   

 

 

CONCLUSIONS 

     In this study, an experimental investigation into the convection heat transfer in a 

vertical helically coiled tube heat exchanger was carried out. The study has the 

following conclusions: 
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 The major effect on the axial temperature profiles of heat exchanger was 

the mass flow rate ratio (mr) 

 The modified effectiveness decreased with increasing mass flow rate ratio. 

 The heat load of the coil#2 is higher than the heat load of the coil#1 and 

coil#3. 

 The tube diameter was found to have negligible influence on the shell-side 

heat transfer coefficient but the coil pitch was found to have main 

influence 

 The convection heat transfer coefficient of shell-side increases when the 

coil pitch increases. 

 The heat transfer rate of heat exchanger increases as the overall heat 

transfer coefficient increases. 
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Figure (1) schematic diagram of a shell-and-coil 
 

                                                 

Table (1) Geometrical characteristics of the heat exchanger. 
 

 

 

 

 

 

 

 

 

              

 

 

 

 

 

 

 

 

Item coil#1 coil#2 coil#3 

Coil diameter, tube-center-to-tube-

center (Dc),(mm 
125.7 128.3 128.3 

Outside diameter of copper tube 

do, (mm) 
9.47 12.59 12.59 

Inside diameter  of copper tube di, 

(mm) 
7.77 10.82 10.82 

Approximate number of turns in 

helical coil, N 
24.8 24.9 14.42 

Curvature ratio, di/Dc 0.0618 0.0843 0.0843 

Axial length of helical coil Lc,(m) 9.8 10 5.86 

Coil pitch, tube-center-to-tube-

center P, (mm) 
16.5 16.5 30.4 

Heat exchanger height H, (mm) 390 390 390 

Total surface area of the coil 

A,(m2) 
0.2915 0.3955 0.32 

Nondimensional coil pitches 

=p/πDc 
0.0418 0.409 0.075 
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Table (2) the range of operating parameter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                  

 

Figure (2) Flow diagram of the experimental set-up. 
 

 

          

 

 

 

 

 

 

 

 

 

 

 
 

                                      

Figure (3) Apparatus for heat exchanger experiments. 
 

 

Parameter 
Tube-side water  

flow rate 

Tube inlet 

temperature 

Tube outlet 

temperature 

Shell inlet 

temperature 

Shell outlet 

temperature 

Range (0.027- 0.11) kg/s (50-80)°C (27-70)°C (19-24)°C (29-75)°C 
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Figure (4) Temperature distribution 

along heat exchanger  for coil#1 for 

mr=0.24 (counter flow). 

 

Figure (5) Temperature distribution 

along heat exchanger for coil#2 for 

mr=0.24(counter flow). 

 

 

 

Figure (6) Temperature distribution 

along heat exchanger    for coil#1 for    

mr=1 (counter flow). 

 

Figure (7) Temperature distribution 

along heat exchanger    for coil#2 for  

mr=1 (counter flow). 

 

Figur (8) Temperature distribution 

along heat exchanger for coil#1 for 

mr=4 (counter flow). 

 

 

 

 

Figur (9) Temperature distribution 

along heat exchangerfor coil#2 for 

mr=4 (counter flow). 
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Figure (10) LMTD versus  temperature coil-in (counter flow). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (11) Heat transfer rate in the heat exchanger versus the mass 

 flow rate ratio. 
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Fig. (12) Modified effectiveness versus mr (counter flow) for present and other work [10] 

 

Figure (12) Modified effectiveness versus mr (counter flow) for present and 

other work[10]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (13) Modified effectiveness versus mr   for all test configurations 

(parallel flow). 
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Figure (14) Variation of the overall heat transfer 

coefficient versus heat rate (Counter flow) for present and 

other work [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure (15) Variation of the 

overall heat transfer coefficient 

versus the heat rate (parallel flow). 
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Figure (16): Counter flow overall heat transfer coefficient versus parallel flow 

overall heat transfer coefficient for all tests. 
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Figure (17): Overall heat transfer coefficient versus the Dean number. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (18) Effectiveness-NTU graph for counter flow in the helical coiled 

tube heat exchanger. 
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 helical coiled tube heat exchanger. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (19) Effectiveness-NTU graph for parallel flow in the helical coiled 

tube heat exchanger. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (20) Shell-side heat transfer coefficient versus heat flux 

 for various coil pitch. 
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Figure (21) The Nusselt number versus the Reynolds number based on tube 

diameter for straight and coiled tubes. 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (22) Nuc / Pr
0.3

 versus the Dean number for coil#1. 
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Figure (23) Nuc / Pr
0.3

 versus the Dean number for coil#2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (24) Nuc / Pr
0.3

 versus the Dean number for coil#3. 
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Figure (25) Nuc / Pr
0.3

 versus the helical coil number. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (26)   Nush / Pr
0.4

 versus the Reynolds number based 

 on hydraulic diameter. 
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