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Abstract- An experimental investigation for helical triple concentric tube heat exchanger has been carried
out with different flow arrangements i.e. N-H-C (normal fluid inside - hot at middle - cold in outer
annulus) and C-H-N (cold fluid in inner pipe - hot in middle - normal fluid in outer annulus) with parallel
and counter flow types. The temperature distribution of fluids w.r.t. length of the heat exchanger has
been observed. Effectivenessis calculated for parallel and counter flow in NHC and CHN arrangements.
The triple concentric helical tube heat exchanger proved to be effective and of compact design for heat
exchange between the fluids. The N-H-C counter flow arrangement with high volume flow rate of fluid
proved to be effective than other arrangements.
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. INTRODUCTION

Heat exchangers due to its broad area of applications have been always a challenge for researchers. Over a
decade tremendous effort has been done over boosting of the performance of heat exchangers by approaching
several techniques, designing parameters and models. The design of heat exchanger has become critical due to
its compactness in size and competitive cost of manufacturing. Different techniques have been implemented to
meet the cost effectiveness and maximize the performance of heat exchangers with compactness of the device.

L. Godson et al.[1], carried out an experimental analysis with silver/ water nanofluids in a shell and tube
heat exchanger. The results showed that there is an increase in convective heat transfer coefficient and
effectiveness of silver/water nanofluids as the particle volume concentration was increased. A numerical
investigation on the shell side heat transfer and pressure drop performances of twisted oval tube heat exchanger
was done by Xiang-hui Tan et al. [2], comparing the numerical results with the experimental one and concluded
that heat transfer and pressure drop differences were 4.01% and 3.98%, respectively. In a similar way tube side
and shell side heat transfer and pressure drop performances of a twisted oval tube heat exchanger has been
experimentally studied by Xiang-hui Tan etal.[3]. The comparative study shows that the heat transfer coefficient
of the twisted oval tube heat exchanger is higher and the pressure drop is lower than the rod baffle heat
exchanger. Heat transfer enhancement by flow-induced vibration in heat exchangers were studied
experimentally by L. Cheng et al.[4], from the results an increase in the convective heat transfer coefficient and
decrease in the fouling resistance was noticed for the arrangement. N. Sahiti et al. [5] studied the heat transfer
enhancement of heat exchanger by pin elements and found an improved effectiveness of the heat exchanger.
The heat transfer enhancement of nanofluids in a double pipe heat exchanger by using louvered strip inserts
was studied numerically by H.A. Mohammad et.al.[6],from the results it was observed that and SiO,nanofluid
has the highest Nusselt number and skin friction coefficient values and pure water has the lowest Nusselt
numbervalues.E. K. Akpinaretal. [7] have investigated experimentally the effect of heat transfer rates, friction
factor and exergy loss of swirl generators with holes for the entrance of fluid by placing them at the entrance
section of inner pipe of heat exchanger. The results emphasized an increase in the nusselt number and
effectiveness by using swirl generator. Yu et.al, [8] have studied experimentally the heat transfer and pressure
drop characteristics between blocked tubes and unblocked tubes having a double pipe structure, with the inner
tube as an insertion. From the results it has been found that wave like fins could enhance heat transfer
significantly with the blocked case being superior. Second law analysis on the heat transfer was done on a
horizontal concentric tube heat exchanger at different flow rate condition and different inlet temperature
condition by PaisarnNaphon. [10] In this study the results showed that the volume flow rate and temperature
have significance effect on the entropy generation, entropy generation number and exergy loss.
The pressure drop and convective heat transfer characteristics of water and five alumina/water nanofluids of
weight concentrations of 0.78% wt., 2.18% wt., 3.89% wt., 5.68% wt., and 7.04% wt. were experimentally
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investigated byZan Wu etal. [15] for both laminar flow and turbulent flow inside a double pipe helically coiled
heat exchanger, they reported that heat transfer enhancement of the nanofluids compared to water is from 0.37%
to 3.43% according to the constant flow velocity. Experimental analysis of heat transfer enhancement in shell
and helical tube heat exchangers was investigated by N. Jamshidi et al. [16], an optimum condition for
increasing overall heat transfer coefficient in coiled tube heat exchanger was obtained by highest level of the
coil diameter, coil pitch, hot and coldwater flow rates. An experimental investigation of the mixed convection
heat transfer in a coil-in-shell heat exchanger was reported by Nasser Ghorbani et al. [17] for various Reynolds
and Rayleigh numbers, various tube-to-coil diameter ratios and dimensionless coil pitch. It was found that the
volume flow rate of tube-side to shell-side ratio was effective on the axial temperature profiles of heat
exchanger .An experimental study was carried out by Yang Dong et al. [18] to determine the pressure drop, heat
transfer and performance of single phase turbulent flow in spirally corrugated tubes. The result showed that
thermal performances of these corrugated tubes are superior than the smooth tube. The effects on heat transfer,
friction factor and dimensionless exergy loss were investigated experimentally by E.K. Akpinar by mounting
helical (spring shaped) wires of different pitch in the inner pipe of double pipe heat exchanger. Increases in
nusselt number and exergy loss were obtained as compared to empty tube [19].

The helical coils are very alluring for various processes such as heat exchangers and reactors because they can
accommodate a large heat transfer area in a small space, with high heat transfer coefficients and narrow
residence time distributions.

AhmetUnal.[11,12] in his research have made a theoretical approach for triple concentric tube heat exchanger
by deriving governing equations and represented its performance analysis on both triple tube and counter flow
type double tube heat exchangers. Numerical evaluation of triple concentric-tube latent heat thermal energy
storage was done by Birol Basal et al.[13], the results showed a major rise in the system performance by
replacing a classical hollow cylinder type storage with the presently proposed triple concentric-tube storage
system. Experimental investigations were done by G.A. Quadir et al.[14] for triple concentric pipe heat
exchanger for two different flow arrangements such as N-H-C and C-H-N condition and for insulated and non-
insulated condition of the heat exchanger.

In the present research, a new design concept of helical triple concentric tube heat exchanger is proposed.
From the investigation substantial enhancement in heat transfer between the fluids is observed. In the
experimental study for the temperature distribution of three fluids along the length of heat exchanger and the
effects of different flow arrangements with different volume flow rates are carried out on the helical triple tube
heat exchanger.

I1. Experimental apparatus and procedurefor a helical triple tube heat exchange:

Schematic diagram of the experimental apparatus as shown Figure 1(a) and(b) the heat exchanger is a
concentric tube heat exchanger which is consists of two annulus and one helical pipe. The inner pipe is made up
of brass (ASTM B135), middle helical pipe is made of copper (ASTM B88) and outer pipe is made of steel
(ASTM A249) for cost economical design. The inner diameters of the inner pipe, helical and outer pipes are
28.75mm, 12.87mm and 98.4mm respectively with thickness of each pipe as 1.5mm.
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Fig 1(a): Experimental setup of triple concentric helical (TCH) Fig.1(b): Schematic diagram for TCH pipe heat exchanger with c-h-n
pipe heat exchanger. parallel flow.

The experimental set up is composed of test section, normal water flow passage, cold water flow passage,
hot water flow passage and temperature measuring system. The design of heat exchanger is made in such a way
that different flow configuration can be arranged by changing the pipe connections. The hot water passage
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consists of a storage tank, an electric heater of 3000W immerged inside the storage tank to obtain desired
temperature of hot water, a pump and gate valve. The cold water passage consists of a storage tank, a pump and
gate valve. Ice cubes are used to cool down the temperature of tap water to nearly 13° C. The path of each fluid
consists of rotameter . The flow rate of the water are controlled by adjusting the gate valve and measured by the
flow metres. The water temperatures at inlet, outlet and at different sections of the tubes are measured by the T
copper-constantan thermocouple probes. Water temperatures of the inner tubes are measured by mounting the
thermocouple probes in the tubes. The flow of three working fluids hot water, normal water and cold water are
maintained by the arrangement of three pumps in the heat exchanger.

Ice cubes are used to cool down the temperature of tap water to nearly 13° C. The normal water loop consists
of storage tank, pump and gate valve. The flow rate of the water are controlled by adjusting the gate valve and
measured by the flow metres. The water temperatures at inlet, outlet and at different sections of the tubes are
measured by the T copper-constantan thermocouple probes. Water temperatures of the inner tubes are measured
by mounting the thermocouple probes in the tubes.The flow of three working fluids hot water, normal water and
cold water are maintained by the arrangement of three pumps in the heat exchanger.

Flow arrangements like N-H-C and C-H-N as suggested by G.A. Quadir et al.[14] are experimented. In N-

H-C arrangement the normal water flows through the inner most pipe, hot water flows through the helical coil
and the cold water flows through the helical annulus,
While in C-H-N arrangement, the cold water flows in the inner most pipe, the hot water flows in the helical coil
and the normal water in helical annulus. To get the system into parallel flow condition all the three fluids flows
in the same direction. In counter flow arrangement the flow direction of hot fluid in the helical tube is
maintained in reverse direction, keeping the flow direction of the other two fluids same as in parallel flow
condition. The outer fluid exchange heat with the surrounding as the outer surface of the heat exchanger is non-
insulated and exposed to ambient. The water is pumped from the tank to the heat exchanger inlet. In its way to
inlet a Rotameter is implanted to measure the volume flow rate. A valve is provided at the outlet of the pump to
maintain the desired discharge. The fluid temperatures along the length of the heat exchanger are measured
using 15 unit of thermocouple of type T copper-constantan. For each fluid two thermocouples are provided at
entry and exit respectively. For each loop three thermocouples are placed between entry and exit point of heat
exchanger at a gap of 0.5 m respectively. The system was allowed to steady state before any data were recorded,
after reaching the steady state the thermocouples are connected to a Data Acquisition System (DAQ) which
acquire and display simultaneously

[11. Result and discussions
Experiments are carried out to study the temperature distribution along the length of triple concentric
helical pipe heat exchanger for C-H-N and N-H-C fluid flow arrangement with non-insulated condition at the
outer surface. All the data given in the present work are on the basis of average values of five numbers of
experiments conducted.

III.1 Temperature distribution in N-H-C flow configuration:

The temperature variations of fluids along the length of the heat exchanger for N-H-C arrangement under
parallel flow condition is presented in Figure 2, when the volume flow rate of cold and normal water are same
32.5 1/min and the hot water volume flow rate is 161/min at full throttle of the valve of hot water pipe . It is
observed from Figure 2 that the hot water temperature drops to 30.45°C from its entry temperature of 59.8°C,
the normal water and the cold water temperatures are increased to 34.8 °C and 22.4 °C respectively from their
entry temperatures of 29.4°C and 13.3°C respectively due to the heat exchange between the working fluids. The
rise in temperature of cold water is more than normal water due to higher heat transfer rate between hot fluid
and cold fluid because of greater temperature difference between them. The temperature rise in cold water is
further assisted by two causes- 1.larger heat transfer area available between the helical coil and outer annulus, 2.
Heat interaction between the ambient air and cold fluid .In this case the temperature variation curve for hot
water intersects the temperature variation curve of normal water at a point known as cross over point.

When the heat exchanger was operated in counter flow configuration, the volume flow rate of cold and

normal water 32.5 1/min and hot water flow rate is 16 I/min, under N-H-C arrangement, the temperature
variation of three fluids along the length of the heat exchangers is shown in Figure 3. it is observed that the hot
water temperature at outlet is 24.6°C from its entrance value of 59.6°C, the normal water and the cold
water temperatures are increased to 35.45°C and 29.8°C respectively from their entry temperatures of

28.3°C and 18.4°C respectively due to the heat exchange between the fluids.
Temperature rise in cold water is more than normal fluid and temperature gradient towards the end is steeper.

This may be because of greater heat transfer rate as cold water flows in outer annulus and since it is non-
insulated so heat leakage to ambient air. The counter flow configuration proved to be more effective with
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Fig.2 Parallel NHC flow full throttle Fig. 3 Counter NHC flow full throttle

uniform temperature difference between hot and cold fluid as well as hot and normal fluid throughout the heat
exchanger compared to parallel flow configuration. Hence heat flow rate of the three fluids is more in counter
flow condition.

There is cross over point between the temperature variation curves of hot water and normal water nearly
at the middle of the heat exchanger. As compared to the parallel flow condition the heat transfer rate is

more in counter flow condition of heat exchanger.

II1.2 Temperature variation in heat exchanger under C-H-N configuration:

In parallel flow, C-H-N configuration when the volume flow rate of hot water is 16 1/min and volume flow
rate of cold and normal water are 32.51/min, it is observed from Figure 4 that the hot water temperature falls to
31.25 °C from its entry temperature of 59.72°C, the normal water and the cold water temperatures are increases
to 34.25 °C and 20.25 °C from their entry temperatures of 28.7°C and 12.9°C respectively.

It is observed that temperature variation throughout length of tube is more slant in normal fluid as it is
flowing in outer annulus which is non-insulated. Hence there is heat transfer to surrounding. There is a
crossover point between normal and hot fluid near 2m length. Temperature of hot fluid still falls below that of
normal fluid because of huge temperature difference in between cold and hot fluid.

For counter flow condition with full throttled condition, the temperature variations of three fluids are shown
in Figure 5. The hot water temperature drops to 31.25°C from its inlet temperature of 58.7°C, the normal and the
cold fluid temperatures increases to 37.5°C and 24.8°C from their entry temperatures of 29.3°C and 18.4°C
respectively. The temperature rise of normal and cold water are more in this arrangement as compared to the
earlier case because temperature difference is more in counter flow arrangement.

From the above comparison it was concluded that counter flow gives better temperature fall in hot fluid as

compared to parallel arrangement.
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Fig.4. Parallel flow CHN arrangement. Fig.5. Counter flow CHN arrangements

[11.3 Temperature variation w.r.t length for full throttle and half throttle in NHC arrangement:
From the above four cases of parallel and counter flow with NHC and CHN arrangements it is concluded
that counter NHC gives better result in comparison to other types of flow arrangements. Further experiment was
done with half throttle case for counter NHC flow arrangement. By reducing the volume flow rate, there is
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reduction in heat transfer coefficient which results in a lower heat transfer rate as being observed by the
temperature v/s tube length of the heat exchanger. It is observed where volume flow rate for the hot fluid is
maintained at 8 I/min, i.e. half throttle case and for cold and normal fluid the flow rate is maintained at 32.5
I/min respectively The hot water temperature at outlet is 27.23°C from its inlet temperature of 59.1°C (Fig-6),
whereas the hot water temperature at outlet is 24.6°C from its entrance value of 59.6°C for the full throttle
case(Fig-7). The normal water and the cold water temperatures are increased to 34.32°C and 28.12°C from their
entry temperatures of 29.4°C and 14.4°C respectively for half throttle one. The temperature rise of normal water
and cold water are reduced as compared to earlier setup of N-H-C at full throttle where the normal water and the
cold water temperatures are increased to 35.45°C and 29.8°C from their entry temperatures of 28.3°C and
18.4°C respectively.

From the figure it is observed that the hot fluid temperature gradient is steeper for half throttle case, but in
case of full throttle the temperature curves are smoother. The reason is in half throttle case less flow rate
condition caused the hot water temperature to decrease at a faster rate along half length of the heat exchanger
and then the decrease in temperature slows down. Whereas in full throttle condition a smoother fall in
temperature gradient is obtained throughout the length of the heat exchanger.
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Fig.6. Half throttle NHC counter flow Fig. 7. Full throttle NHC counter flow

It is also seen that near the end of heat exchanger’s length, there is a crossover point and the temperature
of cold water is towards those temperatures. The temperature rise of normal and cold water are more in
this arrangement as compared to the earlier case of half throttle because the log mean temperature
difference is more in counter flow arrangement. The reduced mass flow rate of hot water reduces the

convective heat transfer coefficient on hot water side thus reducing the heat transfer rate from hot water.

I11.4 Effectiveness of heat exchanger

The effectiveness of heat exchanger was calculated for all the flow arrangements. The effectiveness of heat
exchanger depends upon the mass flow rate of fluid, temperature difference between the flowing fluids and heat
transfer surface. The effectiveness is compared for parallel v/s counter flow (fig. 8) CHN arrangement and for
NHC v/s CHN counter flow condition in fig. 9. Also for half throttle and full throttle condition for NHC
arrangement is presented in fig. 10. The heat exchanger effectiveness can be calculated by using the equation 1.
[11].

Q

€= Qmax (1)

is the actual heat transfer rate and Qmax is the maximum possible heat transfer rate of heat

exchanger as per expressions [11].

Q = Cp(Thi — Tho)
Qmax = Cpin(Th; — Te)

2
3

Ch if Ch<Cp+C,

Cm:hﬁg if C,>C,+C,
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Where C., Cy, and C, are the heat capacity rate of cold fluid side, hot fluid side and normal fluid side respectively
and C,, 1s the minimum capacity rate. T, ;and T, are the temperatures of hot water inlet and hot water outlet
respectively , T,; is the temperature of cold water inlet.
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From the graph it was found that in NHC arrangement effectivenss of the heat exchanger is much more than
CHN arrangement due to large temperature difference between cold and hot fluid and large heat transfer area. In
case of counter flow arrangement the effectiveness was found to be better as compared to parallel flow
arrangement. Further by comparing half throttle and full throttle conditions it was found that the heat exchanger
effectiveness was better in case of full throttle condition. This is due to increase in volume flow rate, results in
increased overall heat transfer coefficient and better heat transfer rate.

IV. CONCLUSIONS

An experimental set up of helical triple concentric pipe heat exchanger is proposed, fabricated and experimented
to study the heat exchange behaviour between the three fluids (normal, hot and cold water) under different
operating condition. The results are presented in terms of temperature variation of three fluids along the length
of heat exchanger. Effectiveness of heat exchanger at different flow arrangement is also compared. The N-H-C
and C-H-N flow arrangement are studied for the heat exchanger. In both C-H-N and N-H-C arrangement,
parallel as well as counter flow of hot fluid in helical pipe was tested for different arrangements. Experiments
are also conducted at different volume flow rate of hot fluid.

The following observation and conclusion are drawn from the experiment:

I.  The N-H-C arrangement of flow is more effective and has more heat transfer rate than the C-H-N
arrangement for both parallel and counter flow conditions.
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IL.

In case of parallel flow heat exchangers cross over points are observed for temperature distribution v/s
length because all the three fluids are flowing in same direction and more heat interaction occurring
between cold and hot fluid due to greater temperature difference.

III. N-H-C, counter flow, full throttle configuration proved as the best arrangement of fluid flow among the

other types of experimented arrangements.

IV. The effectiveness of the heat exchanger is higher up to 20% in N-H-C counter flow full throttle condition

as compared to C-H-N counter flow full throttle condition and 28% more than C-H-N parallel flow which
has the lowest value of effectiveness.

V. The effectiveness of NHC counter flow full throttle is 16.23% more than the counter flow half throttle
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