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Performance Enhancement of Solar Thermal Storage Tank with Heat Exchange Coils

(Part 2 : Simulation)
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Abstract As an alternative of well-mixed storage tank with lower coil only, we have proposed a tank with lower and upper
coils and verified a superior thermal stratification in a tank, which results in increased collector efficiency and solar fraction.
But the phenomenon of temperature reversal was often experimentally observed in the tank, so a revised control was successfully
applied which is to heat only lower coil using three way valve if temperature reversal occurs and to operate the collector
with low flow rate when the condition of solar radiation is not good. In the present study, using TRNSYS we compared
the existing lower heating and the proposed lower and upper heating with a control preventing temperature reversal. The
results showed that the proposed method has an increase of collector efficiency by 5.1% and solar fraction by 3.2%.

Key words 3-way valve(Z&F¥ H) Collector efficiency(F & & &), Solar fraction(B] ¥ 2]F£), Temperature
reversal(= =% %), TRNSYS(E &+A| ), Variable flowrate control(Rl-73 #]o])
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Fig. 1 Schematic experimental set-up of solar combi-
system. 3WV : 3-way valve, SV : solenoid valve,
BV : bypass valve.

362

Table 1 Mode used in the present study
Mode 1 LH

conventional method

enhanced stratification

Mode 2 LH+UH .
with reversal
Mode 3 LH+UH-3WV enhal}ced stratification
without reversal
Mode 4 LH+UH+VFC enhanced stratification

with longer operation

enhanced stratification
without reversal and
longer operation

LH : Lower Heating, UH : Upper Heating, 3WV : control by 3-Way
Valve, VFC : Variable Flow Control.

Mode 5 LH+UH+3WV+VFC

Table 2 System specification for simulation

Size 1,180%2,400 mm
Intercept efficiency 0.7203
Type 1b ; 7
Efficiency slope 3.9488 W/m - K
(Collector) 7
Area 1132 m
Slope 45°
Type 60d Capacity 550 L
(Storage Upper heating coil 15 Ax12 m
tank) Lower heating coil 15 Ax20 m
Material of heating coil STS 304
Type 3b Maximum flowrate 0.18 kg/s
(Pump) Maximum power 576 kl/hr
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Fig. 3 Daily load pattern.
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Table 3 Comparing the result of experiment and simulation

experiment simulation
solar radiation[MJ/day] 200.0
collected heat[MJ/day] 103.4 101.2
collector efficiency[%] 51.7 50.6
thermal load[MJ/day] 58.0
average temperature of ambient[ C] 7.6
temperature of city water[ C] 16.8
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Fig. 4 Comparing the results of experiment and simulation.
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Fig. 5 Simulation results of mode 1 and mode 5.

L
3

Irradiance [kWImﬁ, Flowrate [Ipm]

[y
=)

=
@

AP E fArE A
= . % = LHT‘/] 1?—9]' 0]"!‘
2 A = o] BEE Holw AF3E o
FAAL SEAHAGA] e o3 sh-rbd
(15:40~16:00, 16:30~16:50)2} HHF AloJ S Fal A
& A2 HEEHAAZE 973(16:00~16:50)2 LERAS]
o}, o83k F AL Fig 4(2)9] = 5 A Aufol =

glek 4 ATk E3 FEX FF2E7H40T =

23 A7 RE 12 [24] 30F0]1 BE 5& (14

H Q.
wo
a X =
0TS 255 oF 1414 30 A o £ 5 SIE)

ek

Hzde glo] %H& %314 Al A s AAET

dd AlEHolA 2y RE 19 FIEdaES 40.1%
(= 96.3/240.2 MJ)o] 1, F.= 5= 41.8%(= 100.3/240.2 MI)
2 RE 50 HAdFfo] BE 1R 1.7%)p A4 A4k
Ak Egh BGE thE HE500.840)7 =
1(0.815)1.t}F 3.1% =1 AlLt= 2., Table 40 4
AlEd ol vla A¥E 4 3elth

(© SAREK



Table 4 Summary of daily simulation results

mode 1 mode 5

solar radiation[MJ] 240.2

collected heat[MJ] 96.3 100.3

collector efficiency[%] 40.1 41.8

thermal load[MJ] 100.5

auxiliary energy[MJ] 19.0 16.2

solar fraction 0.815 0.840
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Table 5 Collector efficiency 7 and solar fraction SF according to operation mode

month 1 2 3 4 5 6 7 8 9 10 11 12 mean
mode 1 n 353 38.2 38.7 39.6 36.7 35.1 343 31.5 324 359 33.1 333 35.6
SF 0329 0.530 0490 0.771 0.894 0.816 0.799 0.895 0.793 0.959 0.368 0.334 0.614

mode 2 7 37.5 40.5 41.2 419 39.6 37.5 373 335 34.7 38.3 35.7 35.7 379
SF 0344 0.553 0511 078 0.897 0.826 0.806 0904 0.799 0968 0385 035 0.627

mode 3 7 374 40.4 41.2 422 38.6 37.8 37.1 339 34.7 38.3 35.5 35.7 38.0
SF 0343 0.552 0.510 0.793 0.906 0.834 0.823 0910 0.805 0.975 0386 0.344 0.631

mode 4 7 37.7 40.5 41.3 41.8 38.6 37.6 373 33.7 352 38.0 36.0 35.8 38.0
SF 0349 0.553 0.510 0.787 0.893 0.828 0.810 0.909 0.794 0.968 0381 0.352 0.628

mode 5 n 38.3 41.5 42.6 42.7 393 38.7 38.0 339 36.3 38.8 37.3 37.5 38.9
SF 0352 0.557 0.517 0.793 0902 0.852 0.846 0909 0.816 0.961 0385 0.345 0.635

Table 6 Summary of annual simulation results for five modes(solar radiation :

52.6 GJ, heat load : 28.3 GJ)

mode 1 mode 2 mode 3 mode 4 mode 5
heat collected[GJ] 18.73 19.95 19.99 19.99 20.47
collector efficiency[%] 35.6 37.9 38.0 38.0 389
auxiliary energy[GJ] 10.99 10.61 10.53 10.59 10.34
solar fraction 0.614 0.627 0.631 0.628 0.635
(© SAREK 365
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