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ABSTRACT: National energy crisis has been triggering a few considerations
related to the concept of energy optimization. One of them of this idea is to
maximize the management of heat energy that comes from the sun (solar heater).
Application of the laws of nature in this case is the law of buoyancy and natural
circulation in fluid flow has become an alternative for maximizing the use of
energy. Natural circulation occurred when there are differences in temperature and
altitude difference between hot side and cold side. The combination of solar heater
and natural circulation becomes the background of the preliminary research
activities to investigate the ability of water flow in natural circulation systems. The
study was conducted by constructing a solar heater absorber (solar heater) and
cooler tanks, installing instrumentation for temperature measurement (8 points) and
conducting experiment. The results showed changes in temperature at the
measurement points are determined and natural circulation flow was occurred. The
data of temperature measurement was converted by calculation to obtain heat flux
and water flow rate. The rate of flow in the system occurs in the range from 0.082
mm/s to 0.222 mm/s. While the differences in flow rate in cold and hot areas
reached about 63.23%. Heat flux on the solar heater in average 5,49 kW/m2 and
2,39 kW/m2 in cooler tank.
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NOMENCLATURE

q : Heat transfer [kW]
h : Heat transfer coefficient [kW/m2K]
k : Thermal conductivity [kW/mK]
T : Temperature difference [oC]
Tin : Inlet temperature [oC]
Tout : Outlet temperature [oC]
Ts : Surface temperature [oC]
A : Surface area [m2]
L : Length [m]
 : density [kg/m3]
v : Flow rate [mm/s]
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1. INTRODUCTION

One of physics concepts that have been used for the case of energy conversion is a natural
circulation. Currently working principle of natural circulation system has been widely applied
in various fields; related to power generation, energy resource management, industrial and
energy demand in general. Solar water heaters or solar hot water is water heated using solar
energy. Solar heating systems are generally composed of solar heater collectors, a water
storage tank or other point of use, interconnection piping and fluid system to move heat from
the collector to the tank [1].

The concept of heating water using solar energy, through the collector is often installed to
the roof or wall facing the sun and the hot water is pumped (active system) is stored in a hot
water storage tank. Meanwhile, a passive system works under the laws of physics so that the
circulation that occurs inside the loop does not require tools to drive a fluid as a natural
circulation flow which was determined by the height of the loop and the difference in fluid
density as a consequence of differences in temperature (hot and cold) at two points inside the
loop [2]. Some related studies of natural circulation phenomena as that of Welander [3] has
considering the aspects of the driving force in the flow that occurs due to the buoyancy force,
the differences in pressure and resistance by the friction force on the pipe. Cases in single-
phase laminar fluid by a Dobson [4], describes the scheme as simple formulation that can grasp
the behavior of non-liner and transient in the loop. Flow instability that appears unexplained.
Other studies by K. Chen [5] and PK Vijayan [6-7], describes the instability and stability of the
flow oscillations that appear in the loop is done through experiments and computer
simulations, although the boundary conditions have not been well defined. Then, a review of
thermosypon flow on general geometry and it is applications have been made by Grief [8], PK
Vijayan et al. [6], and Zvirin [9], where for the case of open and closed rectangular strand has
stressed on steady flow and transient flow as well as system stability analysis based on
variations in heating and cooling conditions. Meanwhile, differences of thermal boundary
conditions, such as changing the angle of strands have been considered by the Misale [10] and
thermal conduction pipe is also considered by Jiang [11-14].

Based on those previous works as mentioned in above, then the understanding of the case by
utilizing the natural circulation in solar heater become the important thing that need to be done.
The research needs to investigate the performer related to cooler tank and solar heater panel in
the solar heater system. Changes in water mass flow rate and flow rate (velocity) in the cooler
tank and the solar heater panel is strongly influenced by temperature changes. Characteristic
changes of water flow rate due to cooling in the cooler tank and heating process by sunlight in
the solar heater panel are calculated based on inlet and outlet water temperature both in cooler
tank as cold area and solar heater panel as hot area

2. THEORY

2.1 Natural Circulation
Natural circulation system [15] is a fluid-filled system with buoyancy induced circulation

due to density differences. Density differences can be caused by thermal (thermosyphon loops)
as shown in Figure 1.
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Figure 1: Schematics of water flow rate in thermosypon system

Circulation that occurs in the loop without the influence of such a tool that drives the fluid
pump, etc., the movement mechanism is based on physical laws of nature [16].

2.2 Principles of Natural Circulation
The work principle of natural circulation is like a show in picture 1 that is due to density

differences between the two vertical sections (a and b), the resulting pressure difference
between points a and b which causes the flow. Density difference due to buoyancy forces
caused the resulting stream of heating and cooling. The interaction of density differences with
gravity flow and temperature [17]. The conditions necessary for natural circulation are as
follows:
1) The difference in temperature (the heat source and heat differences).
2) The source of heat is lower elevation than the heat source.
3) The water should flow in relationship to each other.

2.3 Heat Transfer
Classified convection heat transfer within free convection and forced in accordance with the

movement of flow [16]. When mixing the movement takes place solely as a result of density
differences caused by temperature gradients, it is called free or natural convection (Natural). If
the movement is caused by a mix of tools outside, such as pipes or fans so the process is called
forced convection. The equation for convection heat transfer is given in equation (1), as
follows,

convq hA T  (1)

and if it is associated with the time change, convection heat transfer equation can be written in
the form of equation (2), as shown below:

Tcmq pconv   (2)

While the conduction heat transfer, given in equation (3), as follows:
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As for the total heat transfer of aluminium tube and cooler tank into the fluid (water) is given
in equation (4), as follows [17]:
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The calculation of fluid flow rate can use the equation (5) and (6),
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From equation (6) shows that in this case, the density of water was influenced into water flow
rate besides temperature, heat transfer coefficient as parameters. The suggestion for heat
transfer coefficient was point out using Nusselt number for constant surface temperature
around aluminium tube surface in solar heater panel and stainless steel surface in cooler tank.

3. EXPERIMENT APPARATUS

The system of solar heater consists of two main parts, namely the solar heater panel and the
cooler tank. Complete picture of the solar heater system as shown in Figure 2. The TCin is a
cooler inlet temperature, TCout is the cooler outlet temperature, THin is the solar heater panel
inlet temperature, THout is outlet temperature, Twater is the temperature of water region in the
cooler water tank, Tice is the temperature of ice in the cooler tank, Tsurface is the temperature of
the surface of the aluminium tube. The analysis of heat transfer is done using temperatures data
then performs calculations.

Figure 2: Diagram of solar heater system
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Photo of solar heater system is shown in Figure 3 within image position of the solar heater is
on the slope of 30o.

Figure 3: Photograph of experiment apparatus

Research equipment used in the experimental solar heater consists of several parts such as:

a) Solar heater panel
Solar heater panel have a function to get the heat from the sun. Aluminium Tube used is

12.7 mm in diameter with a length of 8 meter.
b) Cooler tank.

Cooler tank serves as a means of cooling in the process of solar heater system. The
materials used for cooler tank plate is a Aluminium tube with 1.2 mm thickness. Inside the
cooler tank there is a change of heat such as changes in heat convection and heat conduction
changes.
c) Data Acquisition System

T1000 WinDAQ data acquisition system used to record temperature changes every second.
Sampling rate data recording is 1 data per-second. During the observation of temperature
changes take place at the specified measurement point is monitored on a computer monitor and
recorded directly in the form of an excel file.

4. RESULTS AND DISCUSSION
4.1 Measurement Results
Experiments to determine changes in the system solar heater tempratur done the morning
between the hours of 10:00 until 11:00 during the 1600-2000 seconds. Conditions the intensity
of sunlight during the data collection depends on cloud conditions. During data retrieval, the
sun is sometimes obstructed by clouds, this is indicated by the temperature profile permukkan
aluminium tubes which increased and decreased. The situation is not a problem, considering
the analysis performed by the temperature difference of inlet and outlet of water through the
collector and the tank shell cooler.

a. Temperature
Figure 5 shows the thermocouple temperature profile during the 2000 second to 8 measurement
points on the solar heater system.
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Figure 5: Temperature changes in solar heater

Meanwhile, the results of measurements on the cooler tank is presented in the thermocouple
temperature versus time curve experiment for 1600 seconds, as shown in Figure 6.
Measurement of temperature versus time curve, the cooler tank showed a decline, except in
areas of ice. Decrease in average temperature due to the transfer of heat from the water area to
the area of ice, where ice has a temperature change due to convection of heat transfer can be
dikat as Qout (heat dissipated).

0 200 400 600 800 1000 1200 1400 1600
0

10

20

30

40

50

60

70

80

90

100

Th
er

m
oc

ou
pl

es
 te

m
pe

ra
tu

re
,T

[o C]

time, t [detik]

Twater-average

 TIce

 TC-out

 TC-in

Temperature measurement in Cooler Tank

Solar Heater Position 30o

Figure 6: Temperature measurement point in solar system

b. Temperature average

Figure 7 shows the profile changes in inlet and outlet temperature and average temperature.
The curve of temperature change in the system of solar heater, temperature around the surface
temperature with a maximum temperature 88 C in the presence of temperature fluctuations are
influenced by the sun is not constant due to obstructed by clouds. This greatly affects the
convection system and the rate of cooler water in the tank system.
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Figure 7: Temperture in solar heater

4.2 Calculation of Flow Rate Base on Heat Flux
Water flow rate that occurs in the cooler tank and solar heater panel is not constant caused

by effect of temperature change due to fluctuations in the intensity of the sun. This resulted
shows in Figure 8, as we can see water flow rate in cooler tank and in solar heater panel. Figure
8 also describes the curve of heat flux versus time.
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Figure 8: Water flow rate in solar heater panel and cool tank

Water flow rate both in the solar heater panel and cooler tank was fluctuated during 1600
seconds. However, the rate of flow in the cooler tank is greater than in the solar heater. The
flow rate in cooler tank is relatively stable with an average flow rate of about 0.222 mm/s.
While the solar heater on an average flow rate of about 0.082 mm/s. Differences in values of
water flow rate is obtained by calculating the flow rate of water in the cooler tank and solar
heater panel in a horizontal position using the equation that uses the variables of water density
and mass of water which is calculated by comparison of the convection heat transfer and the
quantity of heat changes. The highest heat flux occurs at the solar heater panel when the
heating reaches approximately 900 s, with a heat flux about 7.69 kW/m2, when heat flux
changes are fairly common in areas of extreme solar heater panel, given these conditions
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greatly influenced by the intensity of sunlight. Meanwhile, heat flux in the cooler tank is
relatively stable with an average heat flux reaches 2.39 kW/m2.

5. CONCLUSION

The results of experimental studies indicate that the temperature difference caused by the
warming rays of the sun through a solar heater and cooler on the other side of the cooler tank
using an ice flow in the system shows the formation of the solar heater. The flow rate in the
cooler tank is tending to be larger than in the solar heater panel. The flow rate in the system
occurs in the range from 0.082 mm/s to 0.222 mm/s. The difference in the rate of flow in the
cold and the heat reaches 63.23%. Heat flux on the solar heater for an average 5.49 kW/m2 and
the cooler tank reaches 2.39 kW/m2.
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