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ABSTRACT

A simple straight forward transient analysis of an indoor swimming pool integrated with panel
of collectors through tube-in-tube heat exchanger is presented. The effects of system (pool capacity,
movable insulation, heat exchanger, collector area etc.) aswell as climatic parameters (wind velocity,
relative humidity, solar radiation and ambient air temperature) on the performance of the indoor
swinuning pool have been taken into account in the analysis. Numerical calculations have been made

Sor an indoor swimming pool which can be extended for general application. Some interesting and
useful conclusions have been made which can be used as design criteria for indoor swimming pool.

INFRODUCTION

There are various applications of solar energy for low temperature heating of fluids by either
direct or indirect method. The direct method is generally referred to as a passive system while the
indircct method is known as an active system. One application of solar energy is to use it for heating
swimming pools. Outdoor swimming pools can be heated by both passive and active systems, while
indoor swimming pools can be heated only by an active System,

The working principle of passive and active solar heating of swimming pools can be explained
as follows:

Passive heating of swimming pools : In this case, a transparent floatable plastic cover is floated
over the surface of the water of the swimming pool during sunshine hours. The inner surface of the
swimming pool is preferably blackened to absorb solar radiation. After the solar radiation is
transmitted through the plastic cover, it reaches the bottom of the pool and is finally absorbed by the
blackened surface. Some of the radiation is also absorbed by the water of the pool. Most of the
absorbed solar radiation is transferred to the water of the pool by convection and the rest is lost to the
ground. This loss can be minimized by using a layer of insulating material beneath the blackened
surface. Afier transferring the heat from the blackened surface by convection, water geis heated and
moves in an upward direction due to its low density. Since the water temperature exceeds the ambient
air temperalture, particularly at night, there is convective and radiative losses from the water surface.
To minimize these losses, the pool surface is covered with a waterproof material (tirpal) which acts
as an insulating material during off-sunshine hours. As the transparent sheet must be taken out while
the pool is in use, there are unavoidable evaporative heat losses during this period. By this method the
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pool temperature can be raised to a maximum 3-5°C depending on the type of pool.

Active heating of swimming pool: As explained above, swimming pool temperature can be
increased marginally by use of a passive system. But under harsh cold climatic conditions, where the
ambient air temperature is around 5-10°C or below, the passive heating system is insufficient. For
further increase in pool temperature, extra thermal energy is needed. This can be fed in at the bottom
of the pool and can maintain the temperature of the pool in a comfortable range (~20°C). This can be
achieved by connecting a panel of collectors to the pool either directly or through a heat exchanger,
The area of collectors will depend on the capacity of the pool and the climatic conditions.

The use of transparent plastic as the pool cover for passive heating was first suggested by Brook.!
Later on, different floatable plastic covers namely, polyethylene, polyvinyl chloride (PVC), mylor
cover etc, were designed and tested by Lof* and Czamecki®, Further, Czarnecki® and Sheridan®
developed a mathematical model to calculate various heat losses for outdoor swimming pools and
suggested the use of chemical films and inflated plastic domes for better performance. Francey etal.’
conducted a detailed experimental study of the performance of a community swimming pool for 3-
consecutive days and their results were recently theoretically validated by Yadav and Tiwari. There
was good agreement between the theoretical results of Yadav and Tiwari® and experimental
observation of Francey et al.® for both transient (1st day) as well as quasi-steady state (3rd day).

Design criteria for indoor swimming pools have been developed by ASHRAFE’, Daly and
Bishop® and Roo?® and Czamecki'® by considering the relevant heat transfer involved and the load char-
acteristics. The aim is to control the deleterious effects of condensation and corrosion of the building
elements. An indoor swimming pool has various advantages over an outdoor swimming pool, such
as:

© (i) Ttbecomes an integral part of the building,

(i) Itis protected from dust, bird and climate etc.,,

(iii) Easy to clean,

(iv) Requires less maintenance,

{v) Can be used in harsh cold climatic conditions etc.

Recently, the Victorian Solar Energy Council started a programme of heating swimming pools
by solar energy throughout Australia in 1983-84 (Charter'!), Up to the present, there are about thirty
six indoor and outdoor swimming poolsin Australia being heated either by passive systems or by active
systems, depending on the availability of solar flux and the climatic conditions (Higgs'*** and
Guthrif'*'%), The economics of solar swimming pool heating also depends significantly on the amount
of solar flux available for a particular site and the location of the site. Table 1 presents some of the
indoor and outdoor solar swimming pools installed throughout Australia, From this table and the
survey conducted by Guthrif'*5, one can conclude that heating swimming pools by solar energy is
more economical than using conventional fuels. Due to this fact, it has already been widely used by
both public and commercial bodics,

In the northern part of India near Delhi, the ambient temperature drops to 4-10°C particularly in
December and January, and it is difficult to use swimming pools during these months. In order to
maintain a comfortable pool water temperature, the nodal agency of Haryana Government
(HARTRON) has undertaken a project in collaboration with the Department of Non-Conventional
Energy Sources, Ministry of Energy, Government of India, (o heat the swimming pool located near
the Haryana and Delhi border by using a panet of collectors. This swimming pool will be used mostly
by members of the national swimming team for their practices throughout the year, The whole
integrated system will be carried out by Bharat Heavy Electrical Limited (BHEL) and is expected to
be compleled by the end of this year, In this swimming pool both passive and active systems have been
used for heating the pool water. The design of the collector used incorporates a tube-in-plate type flat-
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plate collector.”

In this paper, a simple transient analysis of an indoor swimming pool is presented from which
suitable design criteria can be derived for similar pools. In order to maintain a comfortable pool
temperature, a panel of flat-plate collectors has been integrated to the basin of the pool. The effect of
the panel of flat-plate collectors, insulation, heat capacity of the pool, waterproof cover material
(tirpal), various heat transfer processes, and climatic parameters have all been incorporated into the
analysis. Explicit expression for pool water temperature has been derived for numerical computation,
Numerical calculations have been carried out for a typical cold day in the Indian city of Srinagar, 17
January, 1981), which is a very harsh cold place throughout most of the year,

DESCRIPTION OF INDOOR SWIMMING POOL

A schematic diagram of an indoor solar swimming pool heated by an active system is shown in
Fig. 1. There are basically three components of the system namely (i) the panel of collectors, {ii) the
circulation system consisting of pumps, valves and connecting pipes, and (iii) the control system
integrated with a panel of collectors and the pool water, In this case, the cost of an active system mainly
depends on the type of collectors used for heating the pool water. The type of collector, used for the
purpose, depends mainly on the availability of solar radiation and on atmospheric conditions. The
types of collector used for swimming pools are categorised as follows:

I—Pannel af collectors

Indoor Swimming Pool

Fig. 1 Schematic diagram of indoor swimming pool heated by an active system.

* The detail drawing and cost break-up of the system can be obtained from the Secretary, Department of Non-
Conventional Energy Sources, Ministry of Energy, Government of India, C.G.O. Complex Block No 14, Lodi
Road Complex, New Delhi, INDIA.
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i) Unglazed Collectors
a) Plastic panels,
b} Strip collectors,
¢) Plastic pipe collectors,
d) Pavement collectors,

and ii} Glazed Collectors

a) Boxed collectors,
b) Integrated collector i.e., an integral part of the roof of a building.

Unglazed collectors are preferred for heating indoor/outdoor swimming pool when only a small
increase in pool temperature is required, whereas glazed collectors are preferred where a greater
increase in pool temperature is required. Unglazed collectors are more cost-effective than any
conventional system. Glazed collectors are more cost-effective for remofe areas where conventional
systems are very costly.

ANALYSIS

In order to record the encrgy balance of an indoor swimming pool integrated with a panel of
collectors (Fig. 1), the following assumptions have been made:

1
i)
iif)
iv)
V)

vi)

vii}
viii)

X}

useful energy available from the panel of collectors is uniformly fed at the bottom of the

- pool basin,

no stratification along the depth of the pool,

heat losses through connecting pipes are negligible,

panel of collectors is disconnected during off-sunshine hours,

pool surface is covered with floating waterproof insulating cover (tripal) to minimize
upward convective and radiative heat losses,

evaporative heat loss is considered only when the pool is in use and it is taken out by means
of an exhaust fan,

bottom heat loss is considered under a steady-state mode,

proper insulating material is used in the basin of the pool to avoid downward heat losses,
and

enclosure temperature is almost equal to ambient air temperature.

The encrgy balance for an indoor swimming pool can be written as

a} without evaporation

M, (dT,/dt) + AU(T,-T) + Ah(T,- T} =Q, (1)

b} with evaporation

where,

Q.=

M_(dT /dt) + A h(T_- T} + 0.013h (p- Yp A, + Ah(T,-Te)=Q, {2)

A Fplotl- U (T - T )], without heat exchanger (3)
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= U(T-T ), with heat exchanger and collectors in parallel
= A, with heat exchanger, Yadav and Tiwari® , {4
= (), when collectors are disconnected from pool,

T, =T +(T_-T) exp(-hx/mgc),

T, = (ol /U)) + T J+[T,- [(dTI‘/IJL)+Ta)} expl-(A U, F/mm)], Duffie and Beckman'®

T, = (L) JNT,dx

T, = Tx=L)
U, = hL
P,=RT_ +R,
- } for small temperature range of pool temperature 15°C - 50°C
P, =Rt =R, _

Fp = mC/UAJ(T - exp (A U F/me)], Duffic and Beckman'
h, = [(L/K) + /K + (L)
After substituting the value of Q, from Eq. (3) in Eq. (1), one gets

M, (T, /d)) + AU(T,- T) + Ah (T, T) = AR, [on]-U,(T,-T)] ()
or

dT /dt + [U/(M,/A ) + h /(M JAD + (AJADRUT = (A JADF (ot + U T,] + UT, +hT,

Above equation can be rewritten as (dT_/dty+aT_ = f(1) (6)
where a = [U/M JAD + M A + (A JA,,)FRUL]
and fty = (AJA Floal, .+ UT]+UT, +hT,

The solution of Eq. (6) can be written as

T, = (f®)/a)(1 - exp(-aty + T, exp(-at) (7

where T, is the temperature of pool water at t = 0 for O -- t interval and £(t) is the average value of
function f(t) for 0 -- tinterval.

Equation (7) will determine the temperature of pool water when (i) pool surface is covered with

waterproof insulating cover, and (ii) panel of collector is connected with basin of the pool without
heat exchanger,

Similarly, Eq. (2) can be solved by taking into account evaporation from the pool surface during
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operation of the indoor pool. Effect of heat exchanger on the performance of the pool temperture can
be seen by using the Eq. (4) in Eqgs. (1) and (2) respectively.

NUMERICAL RESULTS AND IMSCUSSION

In order to study the numericai results of the indoor swimming pool, numerical cacuiations have
been made for a typical cold day in Srinagar, Jammu and Kashimir, India (17 January, 1981). The
hourly variation of solar radiation and ambient air temperatures is shown in Fig. 2. The other
parameters used for calculation for the proposed indoor swimming pool are as follows:

Indoor Swimming pool:
M_ = 27.654x 107 JFC R, = 325N/m?°C
(66,000 litres and depth = 1.5 m)
A = 45m? R, = -5154N/m?°C
U = 57Wm2C ©y =08
h, = 0.85W/m?°C T, = 8C
h = 57Wm?C T, = 8C
Panel of collectors:
U, = 8W/mC ot =08

250

Srinagar (17 Jan, 1981}

~ -
E LA
~ 200 U
= [
o -
—_ p
— =1
= 2
« g
=150 a
Fa
= E
= o
1)
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= £
a
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& o
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E
1

50

Time ( hes )

Fig. 2 Hourly variation of solar intensity and ambient temperature on 17 January 1981 at Srinagar.
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F =077 h =4W/m?C
. = 400,700, 1200 m? L =50m,100m
F, = 055

Fig. 3 shows the effect of heat capacity of swimming pool water on hourly variation of its water
temperatures; the collector area is 400 m?, Curves I, II and III of this figure correspond to various
values ¢.g,27.654 x 107)/°C, 13.83x 107 J/°C and 7.0 x 107 J/ °C of the heat capacitics of water mass
in the pool. Itis found from the results of this figure that as the heat capacity of water mass decreases
waler temperature increases which is the expected result.

The effect of collector area on the hourly variation of water lemperature is shown in Fig, 4, Here
the heat capacity of the water mass in the pool has been taken as constant. This study has been carried
out for three consecutive days. Curves I, IT, ITI refer to collector areas of 400 m?, 700 m2 and 1200 m?
respectively. These results are useful for estimating the collector area required for heating a solar
swimming pool, of known capacity, 0 & desired temperature, The results of this fignre are also
expected, as they reveal that as the collector area increases water temperature increases. Fig. 5 depicts
the effect of heatexchanger length on hourly variation of water temperature. This study has been made
keeping both heat capacity of water mass and the collector area constant i.e. 27,654 x 107 J/C, and
1200 m? respectively. Curves I, II and III of this figure indicate the various lengths (i.e. 0.0 m, 100
m, and 50 m)of the heat exchanger. Itisevident from theresulis that as the length of the heat exchanger
decreases, water temperature decreases because of less heat transfer, The 0.0 m length of the heat
exchanger means no heat exchanger. The above results and discussion may be summarized as follows:

i)y The present analytical approach is a simple onc and may be used for optimizing the collector

area and the heat exchanger length for a swimming pool of any capacity.

ii) As the heat capacity of pool increases water temperature decreases for a constant collector

area,
0 L My =27.656 % 070 /°C
B, My =13.83 x 107 /%
s T Me = 7.0 x 107]°C
~ Ac = 400m?
OLJ
= ool T
o 20
2
g 11
£ 15r-
" !
108
I ] : |
0 7 2%
b—————————1st doy ————
Time {hrs}

Fig. 3 Effect of heat capacity of pool water on hourly varation of water temperature of the pool.
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iif) Increa§i'hg collector area results in increasing water temperature of the swimming pool.
iv) Decreasing heat exchanger length also results in decreasing water temperature.

My = 27656 x 107 1]
= 1 Ac= 400 m?
. Ac =700 m2
304~ M. A =1200m2 -
o B
. 1
@
3
5 20
g
E 1
= 151
0
g ] L i | | ] ] i b
) f % 4 8 16 2 8 1% 24
Jo——1st day — Ae—— 2nd doy —— o Ird doy ]

Time 4 hrs

Fig. 4 Effect of collector areas on hourly variation of water temperature of the pool.

My = 27.656 x 1071{°C, Ac = 1200m2
L =00m
N L=10m
20 M L=50m
1
- I
g 151 2
2
B
2
E
2
10
5 { |
0 12 2
1t day |

Time of the day {hrs)

Fig. 5 Effect of heat exchanger length on hourly variation of swimming poc! temperature.



16 ’ RERIC International Energy Journal: Vel " June 1988

v

b

ACKNOWLEDGEMENT

The authors are very grateful to Prof. W.W.S. Charters, President, Victorian Solar Energy
Council Melbourne, Australia for fruitful discussion on this paper during his visit to the University
of Papna New Guinea, and Mr. Ken-Guthrie, Project Engineer for providing various useful informa-
tion on the Australian “Solar Swimming Pool” programme.

NOMENCLATURE

Collector area (m?)

Surface area of the swimming pool (m?)

Specific heat of fluid flowing through the heat exchanger (J/kg °C)
Collector efficiency factor

Heat removal factor

Heat transfer cocfficient per unit length of the heat exchanger (W/m? °C)
Overall heat transfer coefficient from bottom of the pool (W/m?°C)
Convection heat transfer coefficient from water surface (W/m? °C)
Heat wansfer coefficient from bottom surface of the pool to room (W/m? °C)
Solar intensity (W/m?)

Heat exchanger lenght {m)

Thickness of insulation (m)

Thickncess of bottom of the pool (m)

Thermal conductivity of insulation (W/m °C)

Thermal conductivity of bottom of the pool (W/m °C)

Mass flow rate of fluid in the heat exchanger (kg/s)

Heat capacity of water (J/°C)

Partial pressure at walter temperature (N/m?)

Partial pressure at ambient temperature (N/m?)

Useful energy from the collector (W/m?2)

time (S)

Ambient temperature (°C)

Fluid temperature ( °C)

Inlet fluid temperature { °C)

Room temperature ( °C)

Outlet fluid temperature ( °C)

Water temperature ( °C)

Overall heat transfer coefficient of the collector (W/m?°C)

Upward heat loss coefficient from the water surface of the pool (W/m?°C)
Space coordinate (m)

Transmittance-absorptance product

Relative humidity

~ gt A

O

w

g

£l
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