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Abstract: Problem statement: The thermal performance modeling of hybrid wateatBe with
evacuated glass tube solar collector and flue §ag® husk combustion was developed. The solar
global radiation and ambient air temperature datdun the system modeling belongs Phitsanulok
province from 7 am-5 pm in the summer seag@proach: The system can be divided into two parts,
i.e., evacuated glass tube thermosyphon solaratoiland thermosyphon heat exchanger with flue gas
of rice husk combustion. The evacuated glass tubs @ coaxial double-layer tube made of
Borosilicate. Its outer tube diameter and inneretaliameter were 58 and 47 mm respectively. The
inside cavity of evacuated glass tube holed theyploen which was made of copper tube and filled
with R134a at the filling ratio of 70% of evaponatmlume. For latter, the temperature and flow rate
of flue gas that was released from the cyclonedtenand used as a heat source of heat exchanger
were constant at 150°C and 56 min*. The heat exchanger was consisted of array ofrthyphon
which was made of stainless steel tube and fillét distilled water at 50% filling ratio of evapadoa
volume. Results: The effects of various parameters on the systerfonmeance were computational
analyzed. The hybrid water heater system with amtimdesign of both thermal performance and
economic can be obtained and produce the hot \ahtére temperature exceeding 70°C and the flow
rate of 1 M day™. Conclusion: The thermal performance of this optimum hybrid avateater system
was investigated along the time of the day in summe

Key words: Hybrid water heater, evacuated tube thermosypholeator, thermosyphon heat
exchanger, rice husk combustion

INTRODUCTION evacuated tube collector with using water as that he
transfer media was higher than that of various gase
Since the fact that world’s resources of fossdl§u However, two disadvantages was observed, viz., the
are finite has been accepted worldwide, the renkwab evacuated glass tube was broken since the temperatu
energy becomes important nowadays. Because Thailangriation of water suddenly happened in the glabg t
is in tropical zone, the solar energy is intergsti®ne  and the non-circulation of water occurred at thtdmo
technology of solar energy utilizations is solarteva end of the evacuated tube. These problems diffycult
heater. The solar energy is absorbed in thermanh for occurred in another type of thermosyphon. The
and simultaneously transported into hot water bglar  evacuated tube solar collector with two-phase dose
collector. Although there are several types of isolathermosyphon was investigated in present research.
collectors, one of them that is appropriate for line Although the solar water heater technology has
temperature application and has the low heat bssm  been continually developed and can be easily
focusing evacuated glass tube solar collectorimplemented, there is the thermal performance limit
Consequently many researches have concentrated since the solar radiation intensity is not uniform
this collector (Balzaret al., 1996; Beikircheret al.,  through a day and unavailable at night. Therefore i
1996; Esen, 2004; Kim and Seo, 2007; Li and Wangorder to achieve the stable water heating systam, t
2006; Morrisonet al., 2004; Zhang and Yamaguchi, auxiliary heat source, i.e., electric heater, LPG,
2008). Both the single-phase open and the two-phagbermal storage unit was added into the system
closed thermosyphons were applied in it. The therma(Assilzadehet al., 2005; Sharmaet al., 2005). In
efficiency of single-phase open thermosyphonThailand, biomass is the alternative renewable ggner
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Because the paddy farming is plenteously done tfirou Hybrid water heater
a year, the rice husk is interesting. Its heatialye of .
combustion is relative high compared to the other IG\\’
residual agricultural products. The auxiliary heat PX
transferred from flue gas of rice husk combustion t |
water by a heat exchanger. Typically the cyclone e
furnace was used for the rice husk combustion gt hi

ne ! ' thermosyphon collegtor i IE Flue gas inlet
efficiency of 50-80% with dependence on the ricskhu R N, T

Thermosyphon

heat exchanger Hot water
e Hot water
tank

1
| | outlet

. i N~ |

consumption. o oV, /| Quuegas |

Therefore the hybrid water heater with evacuated — L
glass tube solar collector and rice husk combustias Cold water inlet Cyclone fumace

computational studied in this research and the two-
phase closed thermosyphons were also applied $n thFFig. 1: Hybrid water heating system
system.

MATERIALSAND METHODS

Theoretical model:

System description: The hybrid water heating system
can be divided into two parts, i.e., evacuatedggtabe
thermosyphon solar collector and thermosyphon heat
exchanger with flue gas of rice husk combustion as
shown in Fig. 1. The details of each part are prese

in Fig. 2 and 3. The structure of evacuated glaks ts

a coaxial double-layer tube. The cross-sectioramis
also presented to reveal thermosyphon existinghén t
evacuated tube. The condenser tank is well ingililate
The water flow passes the condenser tank. Forrlatte
the heat exchanger is consisted of array of
thermosyphon. The water flow passes through the
condenser section as the flue gas flow passesghrou
the evaporator section.

The solar radiation is incident on the surface of
evacuated tube collector. A high portion of the
irradiation is transmitted through the outer tubedlvef
double-layer evacuated glass tube and then absbsbed Fig. 2: Evacuated glass tube thermosyphon solar
the absorber surface of its inner tube wall whish i collector
coated with a special selective coating. Theredfier )
thermal energy absorbed in this inner tube wall id¥l@thematical model and computer program: To
transferred by thermosyphon from the evaporatdritha model the system, it is necessary to suppose that:
inserted in the evacuated tube to the condenserigha
held in the tank. The heat is removed from the’
condenser by the forced convective heat transfeolaf
water pumped through the condenser tank. Then hot
water at the outlet of condenser tank is passextdss :
flow over the condenser section tubes of thermosyph
heat exchanger to receive the auxiliary thermatgne
that is transferred from the rice husk combustias g
flowing across the evaporator section tubes of heat Applying the energy and mass balances on a
exchanger. The combustion of rice husk takes place control surface about the evacuated tube thermasyph
the cyclone furnace. The high temperature hot water collector system (Cy as shown in Fig. 1 and 2, it
the outlet of heat exchanger is stored in the tank. follows that:
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Outer glass tube

Absorber surface

Inner glass tube

Section A-A

Uniform solar radiation is incident on the surface
of evacuated glass tube in all directions arourd th
tube

Negligible heat loss from an adiabatic section of
thermosyphon, frame structure of heat exchanger
Negligible fouling resistance at the evaporator and
condenser surfaces of heat exchanger



Energy Rec. J. 1 (2): 182-188, 2010

16760 A ~Uloss+ MyCo( Tuvie™ Tuod) _'E”‘Ide_““ff:e“f“’i’_j Hot water
-M ATW (1) T outlet
= MuCom At L | — Thermosyphon
Hot water <
Where: inlet | NHHHH R
le = The intensity of solar global radiation NNNNN NN N N R Adiabatic section
that is incident on the surface of all
evacuated glass tubes of the collector  Flue gas ::{ L F:: Flue gas
16 = The transmissivity of outer glass tube outlet < <-- inlet
oA = The absorptivity of absorber surface ~SpUUUuuuuuy -
Ac = The surface area of the collector Evaporator section
Jioss = Heat loss from the collector
m, = The mass flow rate of water pumped Fig. 3: Thermosyphon heat exchanger
through the condenser tank
Cow = The water specific heat at constant (Too = Twire) = (Tos = Tuoe)
pressure ATy, = T T (4)
Twicand T, o = The water temperatures at inlet and In(_l_g"’_TW"“EJ
outlet of tank respectively gl TwoHE
M, = The water mass within the tank _
AT, = The temperature increment of WaterWhere' .
stored in the tank Tgiand Tyo =The flue gas temperatures at inlet
At = The storage time interval and outlet of heat exchanger

respectively
Tw,ine and Ty oqe = The water temperatures at inlet and

The thermal efficiency of the collector system is outlet of heat exchanger respectively

evaluated as:

—q | In addition, it is supposed that, ;e = Twoe The

M =9/ Qe ) conservation of energy is also applied on the cbntr
=10,C, 0 (Tooe™ Tuie) /16A surface about the thermosyphon heat exchangeg) (CV

as shown in Fig. 1 and gives:

Where:
0. =The heat gain of hot water from the solar QHE:mng,g(Tg,i_Tg,o)

collector and (5)
Qc =The total solar radiation rate incident on the .

collector surface area Ghe = mWCp-W( Toone ™ TW'"*E)

Applying the heat transfer analysis of flow across The heat exchanger effectiveness is also calcllate

bank of tubes and two-phase closed thermosyphon arftf:

the counterflow heat exchanger analysis with usdef =g, /q
~ MHE max

log mean temperature difference on thermosyphoh hea (6)
exchanger system as shown is Fig. 3, it follow$ tha  me = Coin( Tos™ Tuse)
Oue = UAAT,, (3) Where:

Omax = The maximum possible heat transfer rate
Where: Cin = The minimum heat capacity rate
gue = Total heat transfer between the flue gas and

Consider the hybrid water heater system in Fig. 1

water L .
_ . which is surrounded with the control surface ;Cthe
U =The overall heat transfer coefficient of overall efficiency of system is defined as:
thermosyphon heat exchanger and
A = The total heat transfer surface area of heat )
exchanger - a, _ 1, Gy ( Toorie = Tse) 7
_ o (7)
AT, = The log mean temperature difference Qs * Qiue gas A o+ Q fue gas
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Where: (" Stant )
Jo = The heat gain of hot water from the hybrid . '

water heater M o ToTue LAt oD w
Qiue gas = The auxiliary heat of rice husk combustion o

ol

that is released from the cyclone furnace ) ]
o " NeLec L. Nr. No. Less. Lors 7
The equation is: : ~
_ . T. 1
Qflue gas — n f( Mice hule‘HV) (8)
|C'a1cu1ate 0e- Q. Troes ATy 1
Where:
Ny = The combustion efficiency of cyclone | Calculate g, G, T o= € |
furnace
M« = THe rice husk consumption | Calculate qo. Qstgss M- Cost |
LHV = The lower heating value of rice husk | Caloulate I =" =Ar |
The hybrid water heater system with optimum

design of both thermal performance and economic was t* =>¢
analyzed and it was necessary to specify the design
conditions as follows:

« The system modeling was based on Thailand’s T
climate data at Phitsanulok province L < Endofdata >
e The seasonal average values of solar radiation I Yes
Intensity (k) and ambient air Temperature,(Tn / Stop
summer (February-May 2007) were used to ™
analyze the system Fig. 4: Computational steps for system modeling

The evacuated glass tube is a coaxial double-layer _

tube made of Borosilicate with 58 mm outer tube ~ The hybrid system was analyzed along the standard
diameter, 47 mm inner tube diameter and 1500 mntocal time of the day from 7 am-5:00 pm. Both thatrm
length performance and economic of system were investigate
Thermosyphon of collector was made of coppey varying all parameters as mentioned above. The
tube with 22.2 mm outside diameter and filled with System optimization was obtained and the performanc
R134a at the filling ratio of 70% of evaporator Of optimum system was presented.

volume. Its adiabatic length was 250 mm RESUL TS AND DI SCUSSI ON
Thermosyphon of heat exchanger was made of

stainless steel tube (AISI 304 Type) with 27.2 mmQOptimum system: In order to produce the hot water at
outside diameter and filled with distilled water at the temperature exceeding 70°C and the volumetric
50% filling ratio flow rate of 1 ni day’, the specification of hybrid
Thermosyphon arrangement in heat exchanger wasater heater with relative high efficiency and lowst
staggered with the longitudinal and transverseéhpitc  is shown in Table 1. The thermal performance o thi
were 60 mm. The adiabatic length was 50 mm optimum hybri_d water heater system was investigated
The combustion of rice husk takes place in thedlong the day in summer.

cyclone furnace with rice husk consumption OfThermaI performance of hybrid system: The seasonal

20 kg ™ and the efficiency of 75%. The flue 9as 4yerage values of solar intensity and air tempezaitu
temperature and flow rate were constant at 150°G,mmer as shown in Fig. 5 are applied to model the

-1
and 50 Mmin system along the standard local time of the day ffa00
The variable parameters that affect on the systelﬁm'S:OO pm. The solar intensity and air temperature

performance are number of evacuated glass tubgs (N'NCréase along the local time to the maximum vahtes
evaporator and condenser lengths of thermosyphgn (In0ON thereafter they decrease. However the injeasi
and L), number of tubes in transverse and longitudinaf€mperature in the afternoon tend to be higher thah
planes (N and N). The computational steps for In the morning. Because the solar intensity andaihe
modeling the system are described in Fig. 4. temperature which influence on the system operation
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vary along the local time, the system performarise a In the morning, with increasing the solar intenditg

changes as presented in Fig. 6-8.

water temperature at outlet of collector, () increases

Figure 6 shows the temperature variation of wateto the maximum value of 41°C at the local time 2{0D-
and flue gas along the local time of the day frof0&am-
5:00 pm. The water temperature at inlet of colle€tq )

and the flue gas temperature at inlet of heat exgdva
(Tgi) are always maintained at 25 and 150°C respegtivel

Table 1: Summary of hybrid water heater specifarati

Specifications Dimensions
Collector

Number of evacuated glass tubes or thermosyphon 15
Outer tube diameter of glass tube 58 mm
Inner tube diameter of glass tube 47 mm
Evaporator or glass tube length 1500 mm
Adiabatic length 250 mm
Condenser length 250 mm
Outside diameter of copper tube 22.2 mm
Inside diameter of copper tube 19.9 mm
Working fluid R134a
Heat exchanger

Number of tubes in transverse plane 8
Number of tubes in longitudinal plane 6
Number of thermosyphon 45
Longitudinal pitch 60 mm
Transverse pitch 60 mm
Evaporator length 600 mm
Adiabatic length 50 mm
Condenser length 850 mm
Outside diameter of steel tube 27.2 mm
Inside diameter of steel tube 23.9 mm
Working fluid Water
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13:00 h that results the maximum temperature @iffee

of water at outlet and inlet of the collector of°C6
After that T,.. decreases with decreasing the solar
intensity in the afternoon. Although the temperatur
variation of water at outlet of heat exchangey, {J&)
along the time exhibits the same trend, the vamati
seems to be lower. Its temperature exists in thga@f
74-83°C. The variation of flue gas temperatureuated

of heat exchanger (I) is insignificant and its
temperature only exists in the range of 123-126%&
temperature difference of flue gas at inlet andebdf
heat exchanger is always direct proportional td tia
water at outlet and inlet of heat exchanger. The
temperature differences of each fluid at inlet antlet

of heat exchanger are relatively low at time ofQ002:
13:00 h in which the water temperature at outlet of
collector or inlet of heat exchanger is highest.

Figure 7 shows the relationship of various heat
transfer rates and local time. The total solar
radiation rate (Q) increases along the time to the
maximum value at noon after that it decrease
which is corresponding to the solar intensity ig. .
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Fig. 7: Relationship of various heat transfer rates
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Heat gain of hot water from the solar collectoy) (g
always direct proportional to the total radiatiater. Its

problem may be solved by adjusting the rice husk
consumption and the water flow rate which will be

maximum value is 2 kW at noon. Total heat transferdone in our future research and then the cost aedyg
between the flue gas and wategd)gis always inverse consumption index should be reduced.

proportional to the total radiation rate but direct
proportional to the maximum possible heat transiés

of heat exchanger (g). The maximum gg is 6 kW
approximately at 7and 17 h and the minimum is 5 kW
at noon. This is because the volumetric flow raiés
water and flue gas flowing across heat exchanger ar
always constant and the flue gas temperature et arfl
heat exchanger is always kept at 150°C. If the wate
temperature at inlet of heat exchanger is highes, t
maximum possible heat transfer rate of heat exadrang
decreases and also the heat gain of hot water Hfieanh :
exchanger decreases. The decrement of water higat ga
from heat exchanger is relative low compared to the
increment of that from solar collector. Since to&al
heat gain of hot water from hybrid systemy)(cs the
summation of that from solar collect and heat
exchanger, it increases along the time to the maxim
value of 7 kW at noon after that it decreases.

Figure 8 shows the variations of collector
efficiency, heat exchanger effectiveness and oleral
efficiency of hybrid system along the local timehel
collector efficiency gradually increases from 0.did
closes to a constant value about 0.6 after 14:0this.

CONCLUSION

It can be summarized from all results as follows:

The hybrid water heater system with optimum
design of both thermal performance and economic
can be obtained and produce the hot water at the
temperature exceeding 70°C and the flow rate of
1 n? day*

The thermal performance of this optimum hybrid
water heater system was investigated along the time
of the day from 7:00 am-5:00 pm in summer and
found that the temperature of hot water that was
available of this hybrid system existed in the mng
of 74-83°C with the average collector efficiency pe
day of 0.56, the heat exchanger effectiveness3sf 0.
and the overall efficiency of 0.2
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