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Development of Thermal Storage System in Plastic Greenhouse(II)*

—Thermal performace of solar greenhouse system for hydroponic culture —
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Summary

Thermal performance of a solar heating plastic greenhouse designed for a hydroponic system was studied. The

system was constructed with the air-water heat exchanger and thermal storage tank that were combined with hyd-

roponic water beds.

Experiments were carried out to investigate the daily average heat stored and released in thermal storage tank,

average solar energy collection efficiency, average coefficient of performance, average oil reduction factor of thermal

storage system, and the heat transfer coefficient during the nighttime in plastic greenhouse.

The results obtained in the present study are summarized as follows.

1. Daily average heat stored in thermal storage tank and released from the thermal storage tank was 1,259 and 797

KJ/m? day, respectively.

2. The average solar energy collection efficiency of thermal storage tank was 0.125 during the experiment period.

And the average coefficient of performance of thermal storage system in plastic greenhouse was 3.6.

3 The average oil reduction factor of thermal storage system and the heat transfer coefficient during the nighttime

in plastic greenhouse were found to be 0.52 and 4.3 W/m?® hr C, respectively.
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Table 4-1. Parameters for the design of heat
exchanger in plastic greenhouse
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Fig.4-1. Dimensions of polyethylene film bag.

Cunit  cm)
A " supporting wire
B ! adhesion

C © water outlet

9, FelolHA B Kol WETLHE 3

le]
2 5cm He ¥ ko gz dud A



SRR & & 155 5 258 19904 6 3

Hol N At 2z, Fedd9d €5 K11

FE QuE A 200m’E ol Fed doF Y

A EE Fe 20021=14KAE ¢ F ATk
14124} £El°¥l“=1€ﬂ LE Ko 74E £ ¥

[«]
348

A8 e F F 2 Folge] 7 19 4-200
A8 Uk -’1‘-*‘4’{. A7 25mm2 P.V.C. pipeE A&
i, Evj#e A4 16mm, Z°l 87cme] PV.C.

pipeEA 4cm MHHLR G4 dAsAT) ¥,
2oy ARdE F54422 A4 2mme 9L 30
mm3tZE 2.2 2071 & 438

2) REA MxHfe 18

39 429 F48 R 2ulBE AH8StA 14409 &

@nn;pﬁ:m alalal JJ

3:::L
| -

Fig.4-2. Dimensions of water inlet pipe and distribu-
tion pipe. (unit : cm)
Al
B P.V.C. pipe
C  hole
D:
D : P.V.C. cap
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Experimental apparatus for polyethylene film

bag heat exchanger. (unit : cm)
. polyethglene film bag

. water distribution pipe

* water inlet pipe

- air inlet

. air outlet

- air outlet

* fan

' supporting wire

: polyethylene film bag outlet
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Fig4-4. Schematic diagram of solar heating system

for hydroponic culture. (unit : cm)

B ® bed for hydroponic culture

H ® heat exchanger

P. ¢ circulation pump for water

P, * circulation pump for nutrient solution
T, © water tank

T * tank for nutrient solution
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Fig.4-5. Dimensions of the experimental plastic gree-

nhouse. (unit : cm)

Fig.4-6. Plastic greenhouse for the experiment
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Fig4-7. Layout of the experimental apparatus in the

plastic greenhouse.
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Fig.4-8. Block diagram of the measurement system used in the experiment.
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Table 4-2. List of measurements taken and instruments used in the experiment

Measurands Instruments Remarks
Solar radiation Pyranometer (NP-42) 7 mV/KW/m?
Soil heat flux Heat flux plate (CN-9) 7 mV/KW/m?
Temperature C-C thermocouple ¢ 0.3mm

Resistance temperature detector Pt 1002
Multiplex data logger (MP-080) +01%T
Air velocity Pitot tube & Inclined manometer Type 5
Flow rate Flow meter (M-430) Nutating disk type
Relative humidity Thermohygrograph
Electric energy watt-hour meter
consumption
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Table 4-3. Results of daytime heat flux measurements.
(unit : KJ/m? day)

Table 4-4. Results of nighttime heat flux measurements.
(unit © KJ/m? day)

* * ¥

(?f?stg) Go Gi Qu | Qu | Qu | Ew (11)555) Q’)t,, Qen Qun E.
Nov.l 3,590 2,440 135 0 0 26 Nov.i- 2 - 269 0 663 115
2 12,500| 8,130 468( 2,008 o[ 116 2- 3 - 524 1,203 361 131
3 12,240( 7,830 448] 1,978] 241 113 3- 4 - 509 1,445 0 127
4 8,880( 5,590 395] 1,309 0 99 4- 5 - 420 932 573 123
5 12,470| 8,040 481 1,902 0| 114 5- 6 - 517 1,400 0 115
6 11,330| 7,140] 474| 1,887 390 96 6- 7 - 491 1,141 422 93
7 9,630 6,070 426] 1,373 0 99 7- 8 - 433 943 381 127
8 '|11,600] 7,310| 492/ 1,841] 381] 110 8- 9 - 482 915 0 107
9 3400 1,870{ 119 0 0 30 9-10 - 266 0 1,363 135
10 10,120( 6,480 443( 1,552| 437 67 10- 11 - 422 1,126 799 132
11 11,360| 7,270 464| 1,734| 252 94 11 - 12 - 454 702 0 55
12 8,730| 5410/ 391| 1,308 0 81 12 - 13 - 351 489 313 92
13 8,420 5,140 389} 1,232 0 76 13- 14 - 341 819 427 111
14 11,460( 7,220 471| 1,795] 398 110 14 - 15 - 461 1,050 332 160
15 7,740} 4,720| 357 989| 450 79 15 - 16 - 338 760 0 80
16 10,170| 6,100| 443 1,719 0| 105 16 - 17 - 409 1,202 373 164
17 7.910{ 4,750 375( 1,111| 338 92 17 - 18 - 341 972 837 149
18 9,840 6,200 432| 1445 502| 101 18- 19 - 350 578 0 76
19 5990| 3,830 264 122 0 78 19 - 20 - 303 0 679 75
20 9,490 5,600| 425 1,309 0 99 20 - 21 - 368 639 307 91
21 6,810] 4,290] 307| 624 0 78 2122 - 374 0 343 0
22 5090 3,310 253 0 0 0 22-23 - 337 0 671 84
23 10,090 6,220| 444/ 1,613 0| 103 23 - 24 - 412 1,232 141 144
24 9,270| 5560 410 1,278} 510| 100 24 - 25 - 393 1,130 1,354 203
25 9,810 6,180 421| 1,339| 241] 100 25 - 26 - 407 1,156 1,858 257
Average 9,118} 5708 389| 1,259| 167 87 Average - 399 797 488 118

Note G, : Daily solar radiation outside plastic gree-

nhouse

G; - dail solar radiation in plastic greenhouse

Q. - soil heat flux at 5cm below the earth

Q. - heat collected in thermal storage tank

Qu : heat released from hot-air heater in plastic
greenhouse

Eu © energy consumption for the operation of pump
and fan

* Heat absorbed by soil in warming up.

* % Hot-air heater operates when the temperature
inside the plastic greenhouse is below 12T.

Note Qs - soil heat flux at 5cm below the earth

Q.. © heat released from thermal storage tank
Qun - heat released from hot-air heater
Em : energy consumbtion for the operation of pump
and fan

* Negative sign indicates that soil gives out
heat as it cools.
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(From Nov 1, 1989 to Nov. 25, 1989)
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Table 4-5. Thermal performance of solar greenhouse sy-

stem.
(Il)gaég) n n [COP.| r ha
Nov.l - 2 0.00 | 0.04 00| 000 34
2- 3 016 { 0.20 52| 078 5.6
3- 4 016 | 0.20 60| 086 6.5
4- 5 015 019 42| 062 5.6
5- 6 015 0.19 6.1 1.00 5.8
6- 7 01741 021 60| 058 5.0
7- 8 014} 019 42 071 5.6
8- 9 016 | 0.20 42| 0.70 4.2
9-10 0.00 | 0.04 00| 0.00 49
10 - 11 015 0.20 571 048 45
11- 12 015 0.19 471 0.74 2.7
12- 13 015} 019| 28| 061| 39
13- 14 0.15( 0.19 44| 0.66 5.1
14-15 0.16 | 0.20 391 059 4.2
15- 16 0.13| 017 48| 063 24
16 - 17 017 | 021 45| 0.76 5.4
17 - 18 014 | 019 40| 045 44
18 - 19 015 | 019 33| 054 19
19 - 20 0.02 | 0.06 00] 0.0 22
20 - 21 014 | 0.18 34| 068 34
21- 22 0.09 | 0.14 00| 0.00 18
22- 28 0.00 | 0.05 00| 0.00 35
23- 24 0.16 | 0.20 50 090 49
24 - 25 014 | 0.18 37| 038 5.4
25 - 26 0.14 | 0.18 321 036 5.7
Average 0.125 | 0.168 36| 052 4.3
Note n, - solar energy collection efficiency of thermal sto-
rage tank
T - solar energy collection efficiency of plastic
greenhouse
C.O.P. . coefficient fo performance of greenhouse system

. oil reduction factor

h, © overall heat transfer coefficient of greenhouse
during night{unit * W/m?C)
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