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Abstract: This work introduces an experimental and numerical study of the heat transfer coefficients of
double pipe helically coiled heat exchanger. It tested for both parallel and counter flow arrangements.
Water is used as working fluid in inner tubes side and annulus tube side. The mass flow rate has range
between (0.032 - 0.0721) kg/s for cold water while hot water is kept constants at (0.0724 kg/s). Also the
range of inlet temperatures of cold and hot water are (20 - 25°C), and (40 - 70 °C), respectively. All
experiments performed at the Dean Number for annulus tubes side range of (1250 - 1700). The study
directed to focus on influencing the inlet mass flow rate of annulus tubes-side, and inlet temperatures of
inner tubes-side over the effectiveness, axial temperature distribution of heat exchanger, efficiency and
heat transfer coefficient. All experimental data performed at the steady-state conditions. The results show
that the mass flow rate ratio (m,) effects the axial temperature distribution of heat exchanger also, the
effectiveness and efficiency decreased by increasing mass flow rate ratio. Likewise, comparisons between
numerical and experimental results have been made. Empirical correlations between the Nusselt Number
with Dean and Prandtl Numbers for the annulus tube have been found.
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1. Introduction

Helically coiled tubes heat exchangers are stand out among the most widely
recognized hardware found in numerous mechanical applications going from solar
energy applications, nuclear power production, chemical and food industries, and other
applications. Helical coil is used for transferring heat of chemical reactors because heat
transfer coefficients are higher in this type. This is especially important when chemical
reactions have high heats of reaction and the heat generated has to be transferred rapidly
to maintain the temperature of the reaction. Also, because it has a compact
configuration, more heat transfer surface can be given per unit of space than by the use
of straight tubes. The shape in the tubes makes a secondary flow, which is normal to the
primary axial direction of flow. The secondary flow pattern of the fluid improves the
heat transfer rate and the outer fluid moves with a higher velocity compared to the inner
fluid due to the effect of curvature ratio. This secondary flow increases the heat transfer
between the wall and the streaming fluid. And they offer a greater heat transfer area
inside a small space, with greater heat transfer coefficients. The advantage for use
double-pipe helical coil is that the flow in the annulus will also experience secondary
flows [1]. For decades, many of the helically coiled-tube devices employed for
augmentation of laminar or turbulent flow heat transfer have been calculated and
discussed.

Rennie [1] studied the double-pipe helical coil heat exchangers experimentally and
numerically neglecting the effect of coiled tube pitch. The boundary condition was
different from the boundary conditions of constant wall temperature and constant heat
flux. In any case, it is clear that the geometry of the double-pipe coiled tube heat
exchanger is completely different from that of annulus and inner tube heat exchanger.
Both parallel flow and counter flow configuration were studied. Nusselt number in the
inner tube was compared to the information got in literature, and Nusselt number in
annulus was compared to the numerical results. Nusselt numbers for the annulus were
connected with an altered Dean number, resulting in a strong linear relationship as
follows:

Nu = 0.075De + 5.36 1)

CFD analysis of heat transfer in a helical coil tube using fluent code was investigated
by Soumya [2].

The work is an attempt to show the effect of two different flows (parallel and
counter) on the total heat transfer from a helical tube. The cold fluid flows in the
annulus and the hot fluid flowing in the inner tube of the heat exchanger. Different
dimensions of the tubes helix are taken into consideration while running the analysis.
Copper was chosen as the metal for development of the helical tube. The governing
equations of mass, momentum and heat transfer were solved simultaneously, using the
k-e two equations turbulence model. Nusselt Number, contours of temperature and
energy, velocity vectors and heat transfer rate from the wall of the tube were plotted
using ANSYS Fluent 13. The fluid flowing through the tube was taken as water. The
study showed that there is not much difference in heat transfer performances for both
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the parallel-flow and the counter-flow configuration. Nusselt number at different points
along the tubes length was determined from the numerical solution. The numerical
simulation was down for water to water heat transfer and different inlet temperatures
were studied. A numerical study of helical coil tube-in-tube heat exchanger was studied
by Kanungo [3] for different boundary conditions of heat transfer and for different D/d
ratio.

The turbulent flow with counter flow heat exchanger is considered for investigation
purpose. It was found out that the D/d ratio has effect on heat transfer rate and pumping
power. The D/d ratio is differed from 10 to 30 with a step of 5. Nusselt number, friction
factor, pumping power and Log mean temperature difference variation of inner fluid
with respect to Reynolds Number are carried out for different D/d ratio. The optimum
Reynolds number for maximum heat transfer and minimum power loss is calculated by
graph intersection methods. The results shown fluid flow behavior is captured for both
fluids flowing inside the tube. With expansions in D/d ratio the Nusselt number will
decrease and the outer wall boundary condition does not have any effect on the inner
Nusselt number. The friction factor decreases with increase in Reynolds number. The
Pumping power increases as increase Reynolds number for all D/d ratios and for all
boundary conditions. Log mean temperature difference increases with increase in
Reynolds number.

ANSYS Fluent studies of heat transfer rate of a tube in tube helical coil heat
exchanger were studied by Mohammed et al [4]. An analysis has been done for a tube-
in-tube helical coil heat exchanger with constant heat transfer coefficient for turbulent
flow. The study is done for different boundary conditions and optimizes condition of
heat transfer is found out for various D/d ratio. The turbulent flow model with counter
flow heat exchanger is considered for investigation purpose. The effect of D/d ratio on
heat transfer and pumping power was found out for different boundary conditions. The
study showed that with increase in the Reynolds number, the Nusselt number for the
inner tube increases. The increases in flow rate turbulence between the fluid elements
will enhance the mixing of the fluid and eventually the Nusselt number. With increases
in D/d ratio (inverse of curvature ratio) the Nusselt number will decrease for a particular
value of Reynolds number. Nusselt number has maximum quality for D/d=25. The outer
wall boundary condition does not have any significant effect on the inner Nusselt
number.

Zhang and Li [5] focused on the effect of eccentricity ratios of tube in tube helically
heat exchanger by numerical study for turbulent flow under different flow rates. The
fluid considered is Helium at pressure of 20Mpa, with temperature dependent thermos
physical properties for the inner tube and annulus. The results show that with the
eccentricity increasing the annulus Nusselt number increases. According to the
numerical data, new empirical correlations of Nusselt number as function of Reynolds
Number and eccentricity for the inner and annulus tube was reported. Ritesh et al [6]
performed a numerical analysis of heat transfer enhancement in pipe-in-pipe helical
coiled heat exchangers. They focused on the effect of the inside tubes at constant value
of mass flow rate and variation of annulus mass flow rate on overall heat transfer
coefficient and Dean number with constant wall temperature. Additionally deals with
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the effect of Dean number with respect to Reynolds number, Nusselt number and
overall heat transfer coefficient on change of coil configuration of helically coiled tube.
The result was compared with other similar studies in boundary conditions for the
helical coils.

They concluded that with the decrease the inner coil diameter, the overall heat
transfer coefficient is increased. Ritesh and Kamal [7] determined experimentally the
heat transfer enhancement of pipe-in-pipe helical coil heat exchanger.

They focused on experimental investigation into water-to-water heat transfer
enhancement of pipe-in-pipe helical coil tubes. Heat transfer characteristics inside pipe-
in-pipe helical coils for different boundary conditions, such as constant temperature at
hot water inlet, constant mass flow rate are considered.

They concluded the heat transfer rate in counter flow direction is much higher due to
large average temperature. In contrast with small coil configuration the overall heat
transfer coefficient is slightly high, from large coil configuration.

Nusselt number of inner tube in both coil configurations is to be in the counter flow
direction is higher when compared with the parallel flow. Dean Number and curvature
ratio in a double-pipe helical heat exchanger were investigated by Tuhid and Seyed [8].

The study focused on the effects of Dean Number and curvature ratio on heat
transfer and pressure drop characteristics for laminar flow. Helical copper tubes model
Is used. The results were compared to the values existed in the open literature and a
reasonable agreement was observed.

The study showed that the overall heat transfer coefficient increases by increasing the
inner and annulus Dean numbers. For a given annulus Dean number, increasing the
inner Dean number results in an inevitable asymptotic overall heat transfer coefficient.
The results showed that the high Dean number causes high pressure drops.
Mathematical models for overall heat transfer coefficient and inner pressure drop were
found out.

It can be stated that expanding curvature ratio enhances the heat transfer and causes
low pressure drop. Although there are many works done in a double-pipe helical heat
exchanger but , there is few investigations on the influence of the annulus tube mass
flow rate, and inlet temperatures of inner tube over the axial temperature distribution of
heat exchanger, effectiveness, efficiency and heat transfer coefficient.

2. Double-Pipe Helical Heat Exchanger Geometry

The inner tube and annulus tube heat exchanger is shown in Figure (1). In this figure,
D is the diameter of the annulus tube, d is the inner tube diameter, and P is the coil
pitch.

The curvature ratio is defined as the coil-to-tube diameter ratio, (d; / Dc). The
specification of heat exchanger is given in Table 1.
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Table 1. Geometrical characteristics of the heat exchanger.

Item mm
Coil diameter, tube-center-to-tube-center (D) 250
Outside diameter of inner copper tube d,, 10
Inside diameter of inner copper tube d; 9.15
Outside diameter of annulus tube D,, 20
Inside diameter of annulus tube D; 18
Approximate number of turns in helical coil, N 15
Curvature ratio, di/D, 0.0366
Coil pitch, tube-center-to-tube-center P 30
Heat exchanger height H 500

Figure (1) The inner tube and annulus tube heat exchanger

3. Experimental Set Up

Figure (2) shows the schematic diagram of the experimental set-up. It consists of
test section and hot and cold water loop. The hot water streams flowing inside the inner
tube side while cold water stream flowing in the annulus tube side.

Water was used as the hot and cold fluid. The hot water was pumped to the tank and
inner tube, passing through the heater while the cold water was pumped to annulus tube
from the tap. The temperature of the inlet hot water to the heat exchanger was controlled
by thermostat. Four constant temperatures (50, 60, and 70 °C) were considered for inlet
hot water to inner tube. The cold water inlet temperature to annulus tube was the
temperature of the tap water.

Temperatures were measured using eight K-type thermocouples placed at equally
distanced locations and thermal imager (Ti32). Another four thermocouples were
located at inlets and outlets of heat exchanger to measure the temperatures of the hot
and cold fluids. Figure (3) shows the apparatus arranged for heat exchanger
experiments.
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Figure. (2) A schematic diagram of the experimental set-up.
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Figure (3) The apparatus arranged for heat exchanger experiments.
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4. Basic Equations of Experimental work

Experiments were conducted with different inlet temperatures of hot water and
various flow rates of cold water. In the experiments, the system was allowed to
approach the steady state. This section describes the methods and basic equations for
determining the following parameters on the base of the experimental data:

1) Heat transferred to the hot water in the inner tube, Qy can be given from by[10]:
Qn =My Py (T = Tho) (2)

Where: mjy is the mass flow rate of hot water, cpy is the specific heat of water, Ty;
and Tpo, are the inlet and outlet hot water temperatures, respectively.

2) Heat transferred from the cold water in the annulus tube, Q. is given by:
Qe =M.P, (Tco ~Tei ) 3)

Where: m; is the cold water mass flow rate, T, and T, are the inlet and outlet
cold water temperatures, respectively

3) The average heat transfer rate, Q.

Qavg = n ZQC )

In the present study the heat transfer of hot water and the cold water is equal. The
energy balance was performed to appraise the degree of any heat losses or gains from
the surrounding. Now for minimum error the heat transfer was obtained from Equation

(4).

4) The inner tube-side heat transfer coefficient, hi is obtained from Q.

()
Q(avg) = hi A (Tc,s(avg) _Tw,h(avg))
Where: T . is the average inner tube surface temperature given by:
(M+T,+-4T),)
Tc,s(avg) = 1 (6)
n
T.unavg 1S the mean hot water temperature and is given by:
T +T
Tw,h(avg) =0 5 he (7)

A\ is the inside surface area of the inner tube.

5) The overall heat transfer coefficient (U)
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The overall heat transfer coefficient can be determined from [10]:

Qavg
LMTD

Where: LMTDthe logarithmic-mean temperature difference and F is the correction
factor which is equal to 1 for this case [10].

8)
U- A F=

LMTD = L_IA_Tz 9
In ATy
AT,
Where:
AT, =Ty ;, — T.;
ATl ~ Th’m ;'fn } For parallel flow
2 — thout = fcout
AT, =T, ;, — T
ATl Th'm ;;O”t } For counter flow
2 = Lhout — Lcin
LMTD
Qavg — — = UALMTD = U;A;LMTD = U,A,LMTD (10)
total
1 1 1 1 1
AT AT AT YR = "y + Ryqu + e (11)

6) Nusselt numbers (Nu)
Nusselt number can calculate as[10]:

hoDh
k
Where: Nua the Nusselt number for annulus tube, Dy, Hydraulic diameter for
annulus tube, k = Thermal conductivity

NUA=

(12)

7) Reynolds Number (Re) [10]:

VD 4m®
Re=— =
1% 7Dy

(13)

The Critical Reynolds number according to the research of Ghorbani [9] for the
helical tube flow, which decides the flow is laminar or turbulent, is related to the
curvature ratio as follows[1]:-

Recrit = 2100 [1+ 12(di / Dc)*] (14)

8) Dean Number (D)
D, is a dimensionless group in fluid mechanics, which occurs in the

investigation of flow in curved tube, and is defined as[1]:
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Dt
De=Re (D—CJ (15)

9. Heat exchanger effectiveness:

Effectiveness can be defined as the ratio of actual to maximum heat transfer of
the heat exchanger. Thermodynamically limited maximum possible heat transfer
rate as would be realized in counter flow heat exchanger of infinite heat transfer
area this means that[10]:

e Qact (16)
Qrmax
where
Qmax = Gnin (Th,i - Tc,i) (17)

and  Cpin = (MCp) is the minimum heat capacity of cold or hot fluid.

10) Heat exchanger efficiency &
The heat exchanger efficiency is defined as the ratio of the actual rate of heat
transfer in the heat exchanger to the optimum rate of heat transfer [10]:-

£ = Za“ (18)
opt

where

_ Thi—Tho

§= hiho For parallel flow, and (19)
Thi—Tci
Thi—T

§= D ho For counter flow (20)

Thi—Tco

5. Numerical Simulation

Generally, numerical simulation required to simulate the interaction of fluids with
surfaces by limit boundary conditions, and initial conditions for the case. The double
pipe helical coil heat exchanges with turbulent forced convection heat transfer, for
different mass flow rate ratio and different temperature inlet are finished by the ANSYS
Fluent 14.0 package. The aim at using CFD simulation software is to predict the
systems performance. Continuity equation, and energy equation and the Navier Stokes
momentum equations govern the flow of the fluid in the helical coil tubes are to be
solved. However, the basis of all CFD problems is the Navier stokes equations. In this
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section the physical and the computational model are presented in detail. Three
dimensions (X, Y, Z) of the double pipe helical coil have been drawn by Solid Work
software 2012 and meshed using Gambit geometric modeling software. Also, the model
used the tetrahedron mesh. The optimum grid size of the mesh has been choosing by
testing different grid size. The simulation software step is shown in figure (4).

e Boundary conditions

The conditions of the inlet and outlet of test sections as inlet mass flow rate inlet,
temperature, and pressure outlet for both counter and parallel flow of inner tube and
annulus tube are prescribed. Copper was taken as the base metal for inner tube due to
the high value of thermal conductivity for copper. The details about all boundary
conditions are shown in Table (2). The conditions of the side wall of the annulus tube
were taken g= 0 W/m?, because there is no heat transfer takes place from this side of the
exchanger. The properties of the working fluid were assumed to be constant throughout
the CFD simulation shown in Table (3). Also, the properties of copper tube for the heat
exchanger were remains constants throughout the analysis see Table (4).

Solid work program Gambit program i

En =35=- = == .

N =T=

Solution methods Contours Results

Figure (4) For numerical analysis steps.
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Table (2) The details of boundary conditions

Boundary Mass flow rate Turbulent Turbulent
condition magnitude Kinetic dissipation Temperature
type kals energy rate °C
Hot water ~ Mass flow  (0.032,0.048,0.073) 0.01 0.1 (50,60,70)
inlet rate Inlet
Cold water ~ Mass flow 0.0724 0.01 0.1 22
inlet rate
Table (3) Properties of water. Table (4) Properties of copper tube.
Description value Description value
Viscosity 0.001003 kg/m-s Density 8978 kg/m®
Density 998.2 kg/m’ Specific heat capacity 381 J/kg-K
Specific heat capacity 4182 J/kg-K
. Thermal conductivity 387.6 W/m-K
Thermal conductivity 0.6 W/m-K

e Basic assumptions:

a) Outer wall thickness is neglected to simplify the numerical solution.
b) Steady state heat transfer conditions were assumed.

c) Constant fluid property with incompressible fluid.

d) Natural convention and Radiation was neglected.

e) Conjugate heat transfer between the two fluids was considered.

e Governing equations:
The differential governing equation for the fluid flow is given by continuity or
mass conservation equation, Navier Stokes equations or momentum conservation
equation and energy equation.

1) Continuity equation:

a(pu) + a(pv) + a(pw) _ 0

21
ox ay 0z (21)

2) Navier Stokes equation:

a(pu) a(pu) a(pu) _ dp 1 9 0u 0dv odw 2 (22)
<u % +v ay +w 9z )— x+a+§ﬂa(a+a—y+£)+ﬂvu

(23)

a(pv) a(pv) a(pv) _ dp 1 9 (0u 0dv dw 2

(u ox +v ay +w 9z )— @+§ﬂa—y(a+a—y+£)+ﬂvv
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(ua(pw)+ opw) , a(pw))_ ap 1 6<6u d 6W>+ V2w (24)

ax "oy "oz Ttz 3 5\ax Ty T

3) Energy equation:

<6T+ 6T+ ar) <6p+ ap
P (" 5x " Py "V az ax ' Uay

ap 2
ay +w£)+kv T+ ud (25)

Where:
ou 0u av av w2 aw  ou\> 210u v aw?
‘3:2[(5) ] [ay ax) * (3 3y) +(a+a)]‘§a+a—y+a] (26)

6. Results and Discussions.
e Experimental Results:

Results of the effect of the mass flow rate of inner tube-side to annulus tube-side
ratio (m,) on the axial temperature profiles of heat exchanger for both parallel-flow
and counter-flow is shown in Figure (5) to (10). In all graphs of the axial temperature
profile, the one value of the abscissa corresponds to the bottom of the exchanger
whereas the value of zero indicates the top. Such that the profiles tend to be concave up,
which means that the coil surface temperature is higher than usual at the top and after
that it drops faster than usual while moving towards the bottom of the heat exchanger.
Figures (5) to (7) show typical temperature distributions inside the heat exchanger for
fixed inlet conditions Th,i= 70°C and parallel flow. Figures (8) to (10) show typical
temperature distributions inside the heat exchanger for fixed inlet conditions Th,i =
70°C and counter flow. It can be seen that the temperature rise of cold fluid is equal to
the temperature drop of the hot fluid that means axial temperature profile of the coil
surface is close to from being linear for those figures. The mass flow rate ratio has little
effect on the typical temperature distributions of the heat exchanger.

80 30
60 60
@) _ —_
40 | mr=1 S 10
= -
20 20
—e—Tc —e—Th
—@—Tc —@—Th
0 0
0 0.25 0.5 0.75 1 0 0.25 0. 0.75 1
x/L /'?_
Fig.(5) Temperature distribution for m; =1 (parallel flow) Fig.(6) Temperature distribution for mr = 1.5 (parallel flow)
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80 80
60 60 | mr=1
S —
La | mr=2.2 £ a0
- —
20 —e—Tc —e—Th 20 —e—Tc —e—Th
0 0
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
x/L x/L
Fig.(7) Temperature distribution for m;=2.2 (parallel flow) Fig.(8) Temperature distribution for m,=1 (counter flow)
80 80
w0 | Mr =1.5 60 | mr=2.2
O a0 £ a0
— -
20 20
—@— Tc —@—Th —@— Tc —@—Th
0 0
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
x/L x/L

Fig.(9) Temperature distribution for m;=1.5 (counter flow) Fig.(10) Temperature distribution for m,= 2.2 (counter flow)

Figure (11), (12) shows typical relationship between the inlet hot temperature with
heat transfer rates and LMTD. This is evident from these figures that are representing
the typical behavior of LMTD. It can be seen the effect of increased heat rate on the
value of LMTD.

[<)]
N
[,

]
4
u 20 P 4 |
4 | S
—_ [ O P [ |
] * o0 £15
g ' a ¢ AN
g2 -4 s 10 [ |
oemr=22 Emr=1 aAmr=15 5 emr=22 EBmr=1 Amr=15
0 0
40 0 4 0 70 80 40 50 1 60 70 80
H
Fig. (11) Heat transfer rates versus inlet hot temperature Fig. (12) LMTD versus inlet hot temperature

Figure (13) shows the relation between the heat transfer rates with mass flow rate
ratio for both parallel-flow and counter-flow configurations. The heat transfer rates are
highly dependent on decreasing the thermal resistance of the coiled tube. Physically,
increasing mass flow rate is translated into a decreasing in the value of the heat transfer.
This figure show that the heat load of the counter flow is higher than the heat load of the
parallel flow. Also a heat transfer rate of the counter flow is higher than parallel flow
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due to increase of the LMTD. The figure also show that the overall heat transfer
coefficient for both parallel-flow and counter-flow configurations is increasing when the
heat load increasing. Physically, the overall heat transfer coefficient increases as a result
of the thermal resistance decreased.

1 1400
0.8 1200 ®
w [ ]
g 06 s ‘ ¥ 1000 B ‘. e .
[ ° « | 0.
2 £ 300 . . & c2o
© 04 B * @t ®
b S 600
b 02 Counter flow =) ®e e
’ 400
0 200
0.5 1 1.5 2 2.5 1 2 3 a 5 6
mr Q (kw)
Fig. (13) Heat transfer rates versus inlet hot temperature Fig.(14)The overall heat transfer coefficient versus heat rate

Results of the effect of the mass flow rate ratio on the effectiveness are shown in
Figs (15) and (16) for both counter and parallel flow configurations. It can be seen in
these figures the slope of the curve decreased as the value of the mass flow rate
increased. Physically, increasing the mass flow rate ratio leads to an increase in the
thermal resistance which translates into a decrease in the value of the heat transfer.
Also, an effectiveness of the counter flow is higher than parallel flow due to increase of
the heat load.

1 1
0.8 e
s 3 gor|
o
c
g 06 £ 06 .
S >
E 0.4 B oa parallel Flow
= Counter flow &
0.2 w 9o
0 0

o
n

1 L5 2 2.5 0.5 1 15 2 2.5

mr °mr

Fig.(15) Effectiveness versus °m, for counter flow Fig.(16) Effectiveness versus m, for parallel flo

Results of the effect of the mass flow rate ratio on the efficiency are shown in Fig
(17) for both parallel and counter flow configurations. It can be seen in these figures the
slope of the curve decrease as the value of the mass flow rate increases. Physically,
increasing the mass flow rate ratio leads to an increase in the thermal resistance which
translates into a decrease in the value of the heat transfer. Also an efficiency of the
counter flow is higher than parallel flow due to increase in the heat load. Fig. (18) show
the plot of the Nusselt and Prandtl numbers based on the experimental results against
the Dean number (R®> = 0.94) for this graph. The correlation between the current
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experiment data obtained from the curve fitting for the range of (1< m, < 2.2), (1250<
De < 1700) is as follow:

Nuy, = 1.964x 100 pe2-2392 P03 (27)

1 35
0.8 L 3 30 R’=0.943 al- o:" @
(%) e -
> )
2 06 ] (] S 25 0.8
2 [ & 20 | e ®
2 =~ "
& 04 :;z @
L z Nu,=1.964*10 ¢ De22392 py0:3
0-2 @®COUNTERFLOW @ PARALLEL FLOW 10
(] 5
0.5 1 15 2 2.5 1250 1350 1450 1550 1650
°’m, De
Fig.(17) Efficiency versus °m, Fig.(18) Nu A/ Pr®3 versus the Dean number

e Numerical Result

Figures (19) and (20) show comparison between the numerical results of ANSYS
with photos of thermal cameras for temperature distributions inside the heat exchanger.
This results for boundaries condition (T, =70 'C, m,=1, and counter flow) show that the
simulation data are in good agreement. The numerical results for temperature
distribution across the length has been estimated as shown in figures (21) to (29)
temperature contours of heat exchanger for both parallel and counter flow
configurations with different hot temperate and different mass flow ratio. For all figure
that the coil surface temperature is higher than at the top and then it drops faster than
moving towards the bottom of the heat exchanger for parallel flow while for the counter
flow is reversing. Figure (21) show the temperature contours of heat exchanger for both
parallel and counter flow at m, = 2.2 and T; = 50°. Figure (22) show the temperature
contours of heat exchanger for both parallel and counter flow at m,= 2.2 and Ty, ; = 60°c.
Figure (23) show the temperature contours of heat exchanger for both parallel and
counter flow at m; = 2.2 and Tp; = 70°. Figure (24) show the temperature contours of
heat exchanger for both parallel and counter flow at m, = 1.5 and Ty ; = 50°. Figure (25)
show the temperature contours of heat exchanger for both parallel and counter flow at
m,= 1.5 and T; = 60°. Figure (26) show the temperature contours of heat exchanger
for both parallel and counter flow at m, = 1.5 and T,; = 70°c. Figure (27) show the
temperature contours of heat exchanger for both parallel and counter flow at m,= 1 and
Thi = 50°. Figure (28) show the temperature contours of heat exchanger for both
parallel and counter flow at m; = 1 and T; = 60°%. Figure (29) show the temperature
contours of heat exchanger for both parallel and counter flow at m,=1 and Ty; = 70°.
The numerical results of all figure show that the temperate drop in heat exchanger is
higher than at the m, = 2.2 and Ty; = 70° for both parallel and counter flow with
comparing with different situations above.

95



Journal of Engineering and Sustainable Development Vol. 20, No. 06, November 2016 www.jeasd.org (ISSN 2520-0917)

L R S—

Fig. (19) Photos of thermal camera Fig.(20) The numerical results
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Fig. (21) Temperature contours of heat exchanger for both parallel flow and counter flow at m;=2.2 and Ty= 50°%
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Fig. (22) Temperature contours of heat exchanger for both parallel flow and counter flow at m;=2.2 and Ty= 60°c
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Fig. (23) Temperature contours of heat exchanger for both parallel and counter flow at m,=2.2 and Ty= 70°
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Fig. (24) Temperature contours of heat exchanger for both parallel
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Fig. (25) Temperature contours of heat exchanger for both parallel and counter flow at m,;=1.5 and Ty= 60°
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Fig. (26) Temperature contours of heat exchanger for both parallel and counter flow at m,=1.5 and Tx= 70°%
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Fig. (27) Temperature contours of heat exchanger for both parallel and counter flow at m,;=1 and Ty= 50°
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Fig. (28) Temperature contours of heat exchanger for both parallel and counter flow at m, =1 and T,= 60°c
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Fig. (29) Temperature contours of heat exchanger for both parallel and counter flow at m,=1 and Ty= 70°C

e Validation of Numerical Simulation

In order to validate our numerical simulation, a comparison has been carried out
with numerical and experimental results. The results of numerical simulation were
recorded for the locations more than considered in the experimental. Numerical and
experimental results of the effect of the mass flow rate of inner tube-side to annulus
tube-side ratio (m,) on the axial temperature profiles of heat exchanger for fixed inlet
conditions (Th,i = 70°C, m,.= 2.2 and counter flow) is shown in figure (30). Agreement
between the numerical and experimental data is fairly good and percentage of difference
between the experimental and numerical is 5% in this figure.
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Figure (30) numerical and experimental results for the axial temperature profiles of heat exchanger.
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7. Conclusions

In present work, an experimental and numerical investigation into the convection heat
transfer in a vertical helically coiled double pipe heat exchanger was carried out. The
study has the following conclusions:

e The mass flow rate of inner tube side to annulus tube side ratio (m;) was found
to be effective parameter on the axial temperature distribution of heat exchanger.

e The effectiveness and efficiency of heat exchanger decreased with increasing
mass flow rate ratio for both parallel and counter flow configuration.

e The efficiency and effectiveness of the counter flow is higher than parallel flow.

e The inlet hot water temperature showed a positive effect on both LMDT and heat
transfer rates.

e The overall heat transfer coefficient of heat exchanger increases with increasing
the heat transfer rate.

e The correlation between the Nusselt number and Dean and Prandtl numbers
could be obtained.

Nomenclature

Symbol Description Units
A Tube cross-sectional area m?
A surface of the coiled tube m?
Cp Specific heat J/kg. K

D,d Diameter, for annulus and inner tube m
Dp Hydraulic diameter for annulus tube m
De Dean number
H Heat exchanger height m
2

h Heat transfer coefficient (W/m*-K)

k Thermal conductivity (W/m-K)
L Total length of coils m

LMTD Logarithmic mean temperature difference °C
Ih Mass flow rate kg/s

Inner tube-side to annulus tube-side mass

My flow rate ratio
N Number of coils turns
Nu Nusselt number
P Coil pitch mm
Pr Prandtl number,
Q Heat transfer rate Watt
Re Reynolds number ,
R? Correlation Coefficient
T Temperature °C
U

Overall heat transfer coefficient W/m? K
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Greek Symbols Description Units
AT Temperature difference °C
u Fluid viscosity kg/m.s
3
p Mass density kg/m
2
v Kinematic viscosity m°/s
€ Heat exchanger effectiveness =
3 Heat exchanger efficiency =77
Subscripts Description
c Cold water
h Hot water
i Inner
0 Outer
r Ratio
act Actual
opt Optimum
S Surface
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