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Abstract. In this study a mathematical model was developed Performance by a simplified mathematical model. In
to predict operating performance of the solar collector under addition, the effect of a various parameters is considered.
specified weather conditions at Jeju Island, Korea. The optimum

mass flow rate through collector based on the relationship ass
between the useful heat gain of solar collector and the electricity RS T T T T T
consumption of solar pump is investigated. Besides, the effect of

JIUECR N O
various parameters such as solar collector area, initial water TC 3] z
temperature and volume of storage tank is analyZkd.results

of the simulation show that the system performance increased
about 1.33% atn= 0442kg/s with the new coefficiet, = 017.

Furthermore the system performance is affected strongly by the -
change of collector area, initial water temperature and volume of
storage tank

It should give concise information on the aims, the methods, the
results and the conclusions of the paper. Its length should not
exceed 200 words.
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1. Introduction

The performance of solar collector is an important factor
of solar thermal system which is mainly influenced by
mass flow rate through collector. There was a series of
studies on this issue in a long time. An optimal control
mass flow rate through solar collector, thus allowing the
useful heat gain of collectors to increase when the amount
of solar radiation is low, whereas reducing the energy
consumption for pumping are reported in Refs. [2-7]. All
the solutions given above the papers could not be applied
to control solar pump because the optimal controller was
not a function of measurable states of the system and it
required prior knowledge of the solar radiation and the
ambient temperature. Recently, in 200Bersson and Fig. 1. Schematic diagram of the solar collector domestic hot
Ronnelid, proposed a method of determining the mass water system: (1) Solar pump, (2) Solar collector, (3) storage
flow rate used for the collector circuit based on the tank, (4) internal heat exchanger of domestic hot water, (5)
relations with the collector area.(see Ref. [16]). However, internal heat exchanger of collector circuit, (6) boiler, (7) panel
this proposition is not in good agreement with all the heating, (8) pyranometer and ambient air temperature sensor.
cases. In this paper, the solution of Persson and Ronnelid 2. System description

has been extended and modified to predict the system
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The schematic diagram of the solar collector domestic
hot water system is shown in Fig. 1. It consists of a few
main components such as: solar collector, storage tank,
boiler, panel heating and personal computer. The vacuum
tube solar collector panels has the total collection surface

area isA. =26 m?. The storage tank has a capacity 1200 L.

It is the vertical type, made of stainless, with an internal
height of 1.8 m. A value of heat transfer coefficient
between the water in the tank and air in the room is

Us = 033 W/(m?K) [7], which is adopted in Eq. (8).

Reading meteorological data
and parameters system

¥
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Fig. 2. Flow chart of the proposed program.

3. Mathematical M odel

The assumption that the heat loss on the pipe connect of

collector and storage tank is neglected so that water
temperature at solar collector inlet equal the water
temperature at the exit of the internal heat exchanger of
solar collector in tank and is given by:

-UpAq
Tei= (Teo— Ts).ex +T,
Cl (CO S) c ] S

1)
Cp

Where A andu, are the heat transfer surface area and
overall heat coefficient of internal exchanger solar
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collector, respectively. The mass flow rate of the
collector circuit calculatelde] by:

m= (KC.%j . (kgls) @)

Where K, proposedtis] is k. = 014. In this work, a new
coefficient K. obtained from simulation program is
adopted to calculate and the result shown in section 4
below.
The electricity consumption of solar pump calculdtpd
by:

Ep=Kpm® (5)
An energy balance on the fully mixed water storage tank

is expresses as:

dT,
Ctge = Qu=Quw~Qst (6)

Wherec; =Mc, , Ts are the heat capacity and the
temperature of water in the storage tank, respectively. In
addition, the heat loss of storage tank given by:
QstUsA(Ts—Ta) (7)
Where A;,Usare the surface area of storage tank and the
heat transfer coefficient between the water in tank and

the air in the room where storage tank is locates.
The heat fluxQ, delivered from storage tank transferred

to user expressed as:
Uw-
Qw = mw-cp(Ts ~Tui {1‘ ex[{_n\v:,—.cA;lH 8)
WhereT,; , my are the fresh water temperature and mass

flow rate hot water delivered to user, respectively , and
Ay and u,, are the heat transfer surface area and the
overall heat coefficient of internal heat exchanger of
domestic hot water, respectively. In this study,, T,
are given by input data.
The heat flux of solar collector transferred to storage tank
calculated as follows:

Qnx =U1ALATim ©)
Here, ATy, is log mean temperature difference at internal
exchanger solar collector.

From mathematical model was mentioned above, a
MATLAB program is written and developed to simulate
for the proposed system. The flow chart of the calculation
program is shown in Fig. 2.

4. Resultsand discussion

Fig. 3 (a) shows a schematic relationship of both the
useful heat gaing, and electricity consumptior, as

functions of mass flow rate (coefficiaqt) on the during

a day time. The value of optimal mass flow rate is
determined at the point where the distance between the
two curves is the greatest. In this work, the optimal of the
mass flow rate atm= 0442 kg/s corresponds with
coefficient K. =0.17is chosen. Another reason to choose
the coefficient, at the backward coefficients igf=0.17,

the amount of useful heat gady increased faster than
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Fig. 3. (a) Effect of coefficient<; on the useful heat gain
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Fig. 7. (a) Effect the of initial water temperature in the storage
tank on the useful heat ga@, and electricity consumptioi
during a day time; (b) effect of volume storage tank on the useful
heat gainQ, and electricity consumptiog, during a day time.

electricity consumptiorg, but at the forward coefficients
of K. =017, the amount of useful heat gaiy increased
slower than electricity consumptiog, . The system
performance atm= 0442 kg/s (K. =0.17) higher than
1.33% compares withm= 0364 kg/s ( K. =014 ) was

proposed byie]. Fig. 3 (b) shows the useful heat gain
supplied to storage tank on the hour of the day. The
amount of this the useful heat gain depends mainly on the
temperature of water in the storage tank, ambient
temperature and solar radiation.

Fig. 4 (a) and (b) shows mass flow rate variation during
the hour of the day. The time operation of solar pump at
the m= 0364kg/s is longer than then= 0442kg/s on the
hour of the day. Fig. 5 (a) shows temperature variation of
water in storage tank on the hour of the day. At the end of
day, the temperature of water in storage tank of
m= 0442 kg/s higher than 0.4%c compares with

m= 0364kg/s was proposed lg] leads to higher heat loss

(Fig. 5 (b)).
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Fig. 6 (a) shows inlet and outlet water temperature of
collector on the hour of the day. When the solar pump
operated, the water temperature difference between inlet
and outlet of the collector is°® to 10°c . Fig. 6 (b)
shows the variations of the useful heat gain and
electricity consumption of solar pump versus the
collector areas. By increasing the collector areas leads to
increase quickly the temperature of water in storage tank,
then the useful heat gain increases but electricity
consumption of pump decreases.

Fig. 7 (&) and (b) shows the effect of initial water
temperature in the storage tank and the volume of storage
tank on the useful heat gain and electricity consumption
during a day time. By increasing the initial water
temperature from 29 to 48°c , the useful heat gain and
electricity consumption decreases 24.4 % and 16.3%,
respectively. While, increasing the volume of storage
tank from 800L to 2,200L, the useful heat gain and
electricity consumption increases 22.6 % and 18.1%,
respectively.

5. Conclusions

In this study, a mathematical model is developed to
predict the operating performance of the solar domestic
hot water system. The optimum mass flow rate through
collector based on the relationship between the useful
heat gain of solar collector and the electricity
consumption of solar pump is investigated. The results of
the simulation show that the system performance at
m= 0442Kkg/s (K. =0.17) higher than 1.33% compares
with m= 0364kg/s (K. =014) was proposed bys| . It
could also support the selection mass flow rate for the
collector circuit of the solar domestic hot water system to
be built. In addition, the variable of the collector areas,
initial water temperatures and volume of storage tank
significantly affected to the useful heat gain of solar
collector and the electricity consumption of solar pump.
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