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Abstract. The paper presents the analytical and experimental analysis of heat transfer for the 

finned tube coil heat exchanger immersed in thermal storage tank. The tank is equipped with 

three helical-shaped  heating coils  and  cylindrical- shaped stratification device. Two coils, 

upper and lower, use  the water as a heating medium. The third, double wall heat exchanger 

coil, located at the bottom head on the tank is filled by the refrigerant (freon). Calculations of 

thermal  power of water coil were made. Correlations of heat transfer coefficients in curved 
tubes were  applied.  In order to verify the analytical calculations the experimental studies of 

heat transfer characteristic for coil heat exchanger were performed. 

1. Introduction 

 Heat exchangers have widespread industrial and domestic applications. They  are  used  in  

power plants, nuclear reactors, refrigerators,  air conditioning systems, automotive industries, chemical  
processing reactors,  food  industries, and  hot domestic  water  systems.  The coiled tube heat 

exchangers offers an unique advantages: simultaneous heat transfer between more than two streams, a 

large number of heat transfer unit and high operating pressure. Therefore coiled tube heat exchangers 
are one of the three classical heat exchangers, i.e. shell and tube, double pipe and coiled tube used for 

large scale liquefaction systems. Helical coils are used for various processes because they can 

accommodate a large heat transfer area in compact space, with high heat transfer coefficient. 
In  general  they  can  be  used  as  coolers,  heaters, condensers or evaporators. Helical coil heat 

exchangers are widely used because of their compact structure, ease of production, and mainly due to 

the increase of heat transfer rate in comparison with straight pipe heat exchangers. The centrifugal 
force induced due to the curvature of the tube results in the secondary flow  known as Dean Vortex [1] 

superimposed  on the primary flow which enhances the heat transfer [2], [3].  Many studies have been 

carried out to investigate the heat transfer characteristics in the coiled tubes. 
 The  authors  in  [2]  describe  the increase  of  heat  transfer    in  helical  coil  heat  exchanger  

compared  to  straight pipe exchanger. In turn the study [3] presents the results of the investigation of 

heat transfer enhancement in  coil heat exchangers with helical corrugation of the coil. Helical coil 
exchangers were also the subject of many other investigators.  As examples, one could mention  the 

works:  [4], [5], [6], [7], [8], [9]  and  [10].  The  paper [4]  gives  the  results  of  thermal  performance 

investigations  on  heat  exchangers  with  concentric  helical  coils.  The  authors  pay  attention  to  
the strong influence of geometric parameters on heat transfer coefficients. The work [5] focused on the 
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coil  heat  exchangers  immersed  in  solar  thermal  storage.  The  authors  present  some  factors 

influencing on improvement the knowledge of immersed coil heat exchangers, these include heat 

exchangers capacity rates for tall coils, natural convection caused by heat loss of tanks with low values 
of height to diameter   ratios, and the topic of heat exchangers of varying ratios of coil pitch to  its  

diameter.  In  [6], [7], [8] and [9] the authors present the results of experimental study on natural  

convective  heat  transfer  from  helical  coil  pipes  in  different  fluids:  in  air,  water, glycerol-water  
solution  and  in  oil  respectively.  Some  new  empirical  correlations  have  been proposed. In turn 

the paper [10] described the experimental investigation on pressure drop for helical coils.  The  author  

developed  the  generalized  pressure  drop  correlations  in  geometrical  terms characteristic for 
helical coil.  

 The aim of this work was to describe the  thermal performance of a vertical hot water storage 

tank during  the dynamic mode of operation. The  considered storage tank  consists  of  three vertical 
coils which are designed to warm up the hot domestic water in the storage tank. Two coils, upper and 

lower, use  the water as a heating medium. The third, double wall heat exchanger coil, located at the 

bottom head on the tank is filled by the refrigerant (freon) that transfers the waste heat from  
refrigeration  or  air  conditioning  system  during  the  processes  of  condensation  of  the refrigerant 

[11]. Pipes of all coils are finned. Additionally the tank is equipped with stratification device designed 

for improving of water stratification level. In order to prevent  possible refrigerant leakage, the special 
buffer layer filled with the nanofluid is mounted in the freon coil. The gap is filled by the nanofluid 

consisting of distilled water and coper nanoparticles. Nanofluid was used for reduce a thermal 

resistance of the buffer layer.  
Analytical calculations of thermal  power for lower water coil were made.  Correlations of heat 

transfer coefficients in curved tubes were  applied.  In order to verify the analytical calculations the 

experimental studies of heat transfer for coil heat exchanger were performed.  
 

2. Experimental setup and procedure 

 The simplified scheme of the  test rig  is shown in Fig. 1. The test stand consisted of the storage 
tank  equipped with  three finned tubular coiled heat exchangers: water coils and freon coil; thermostat  

and additional buffer tank.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scheme of the experimental rig 

 
Upper and lower coils were  supplied with water heated in the thermostat. For the stabilization of 

heating water temperature the  buffer tank was applied. The freon coil was connected with the air-

conditioning system. For determining the mean temperature of domestic hot water in the storage tank 
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T , the eight resistive temperature sensors M-FK 1020 (Heraeus Sensor – Nite GmbH) were mounted 

on the outer surface of the tank as is shown in Fig.2. 

a)                                                  b) 

  
                                               

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

Figure 2.  Location of temperature sensors Tw1÷Tw8 on the outer surface of the storage tank 

a) dimensions of the tank 

b) photograph of the real storage tank 
 

Because of tank walls were made of stainless steel with a thickness of 2 mm, the mean water 

temperature in the storage tank was taken as the average value of the temperature measured on the 
outer tank surface. Geometrical characteristics of the finned pipe of the applied lower water coil are 

summarized in Table 1.  In order to obtaining of the thermal power of the lower water coil exchanger, 

measurements of temperatures of heating medium (water) at the inlet and at the outlet of the coil, and 
volume flow rate of heating water were performed. Six resistive temperature sensors AP-TOP-

VFGPt100 (Kompart Pomiar) and two turbine flow meters TM44 (Tecfluid) were used. Thermal 

power of water coil was calculated according to the formula  

     21 TTcVQ w   ,    (1) 

where: T1, T2 – temperatures of heating water at the inlet and at the outlet of the coil, respectively, V – 

volume flow rate of heating water, cw, ρ – temperature dependent water heat capacity and density, 

respectively. 

The product wc from eq.(1) was calculated according to the formula   

  
2

6796.17.4211 21 TT
cw


 .     (2) 

The eq.(2) is an approximation of literature data [12]. 

The results of temperature measurements and thermal power calculations are showed in Fig.3. 
Figure 3 presents the thermal charging process of the tank by the lower water coil with fixed volume 

flow rate of heating water V =0.584m3/h. As can be seen the temperature of heating water at the inlet 

of the coil remains almost constant after short thermal start-up. Its mean value is 40.45oC. The 
decrease of thermal power of the coil pipe during the exchanger operation time is observed.  It results 
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from the increasing of the temperature of heated water and the same from the reduction of thermal 

forces for heat transfer processes. 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 

 

Figure 3.  Changes of temperature of heating water at the inlet and outlet of the coil exchanger T1, T2; 

mean temperature of heated water T , measured thermal power of the coil exchanger Q  vs. time 

 

3. Analytical calculations 

 Heat transfer processes in considered heat exchanger with vertical coil include convective 

turbulent flow inside the coil pipe, heat conduction through coil pipe wall and natural convection 
outside the coil. Convective heat transfer inside the coil occurs with the pressure drop on the coil pipe 

sections. In order to obtain thermal characteristics of the exchanger the calculations of thermal power 

were made. Convective heat power from water coil wQ is given by general form  

 

      21log TTcVUATQ w       (3) 

where ΔTlog – logarithmic mean temperature difference from eq.(2):  
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where: T1, T2 – temperatures of heating medium (water) at the inlet and at the outlet of the coil, 

respectively, T  – mean temperature of  domestic hot water in storage tank, V – volume flow rate of 

heating water, cw, ρ – temperature dependent water heat capacity and density, respectively. 

The overall heat transfer coefficient U in eq. (3) is given by 
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1
,   (5)  

where: A – overall coil pipe surface, hi – heat transfer coefficient at the inner surface of the coil pipe 

Aip , Rk – conduction thermal resistance of the coil pipe dependent on the material and the thickness of 

the pipe wall, heq – equivalent heat transfer coefficient of the finned surface, Ain_f and Af – tube area 
between fins and the fin surface, respectively, ηf – fin efficiency, Nf – the number of fins. Necessary to 

calculations the coefficients hi and heq were determined from the equations (6) and (7). Nusselt number 

for heat transfer during the turbulent flow through the water coil is given by [13]: 
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where: di – inner coil pipe diameter, D – characteristic diameter of the coil [11]. 
In turn, Nusselt number in the case of free convection from the surface of the finned pipe is in the  

form [14]: 

       4.0
Pr028.0  GrNu ,    (7) 

where the characteristic dimension in Nusselt and Grashof numbers is the equivalent diameter for the 

finned pipe. The solution of equation (3), taking into account eq. (4-7), enables determination of 
thermal power of heat exchanger – lower water coil of the considered exchanger. Calculations were 

performed under assumption of temperatures T1, T and volume flow rate V as in experimental 

research: T1 = 40.45oC, T is in the range 26.5÷34oC, V =0.584m3/h. The dependence on temperature 

of thermophysical properties of water was taken into account in the calculations. Because of heat 

transfer coefficients are implicit temperature functions, the system of nonlinear equations was created. 
It was solved using the secant method. Table 1 presents dimensions of applied coil pipe with finned 

outer surface and the results of calculations and experimental measurements of thermal power of lower 

water coil of considered exchanger.  

Table 1. Geometrical and thermal characteristics of lower water coil of considered exchanger  

Outer diameter of finned coil pipe    18.5 mm 

Inner diameter of coil pipe  16.5 mm 

Fin height  3.5mm 
Fin width  0.5 mm 

Number of fins per inch of coil pipe length  11 

T1 = 45.45oC 

Mean coil diameter    385 mm 

Coil pitch   41 mm 

Number of coils 10 
Pipe material  copper 

Coil pipe length   12.1 m 

V = 0.584  m3/h 

T  , oC  Q from calculations, kW Q from experiment, kW 

26.5  6.51 6.53 

27  6.26 6.30 

28  5.77 5.84 

29  5.28 5.38 

30  4.79 4.92 

31  4.29 4.45 

32  3.80 3.99 

33  3.31 3.53 

34  2.82 3.06 

 

4. Final remarks 

 As the final result of theoretical and experimental investigations of considered heat exchanger 
the graph of the exchanger thermal power dependence on mean heated water temperature in the 

storage tank was built. It is presented in Fig.4. Thermal power from the experiment and from 

theoretical calculations are compared. The relationship between measured results of the power of coil 

and average temperature of the water in the tank is nearly linear. Therefore the results of the 
experiments were approximated by linear function. As can be seen differences between approximation 

of calculated and measured results are quite small. Maximum and minimum error is 8% and 0.4% 

respectively. For the analyzed range of water temperature in the tank the average error of calculated 
power of the exchanger is 3.3%. Hence, the conclusion that the applied calculation procedures can be 

used for the thermal analysis of finned tube coil heat exchangers immersed in thermal storage tank.   
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Figure 4.  Thermal power of lower water coil exchanger vs. mean temperature of heated water 
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