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DESIGN AND OPERATIONS OF FAN AND PAD SYSTEM
Wei Fang
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ABSTRACT

In Taiwan, “Fan and Pad” is the most popular evaporative cooling system
used in Greenhouses. Besides the review of basic theories and factors affecting
the performance of the system, the design rules, governing equations on design-
ing a system as well as important 1ssues on operations and maintenances were
all mentioned in this paper. The suitability of fan and pad system in Taiwan
was also investigated based on 11 years of hourly weather data collected by

Central Weather Bureau of Taiwan.
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AREFHEOEHEDEEFREE > §R TRRE
IMEAL B B SR B AT R » DURHEECREIE
BoHRBBHERBA NSRS
AT FEEF T AL L » #EEAER
MEREH B F - T E I RTEE ©

HAT RS EEREFES B BER KT
BRI EEEEE o TEMVIBKEEEZK
et B (DIERIER oY) » DLRAW RS
ME RS o

k&4 | Excelsior Pad Crossfluted
Cellulose Pad
KEHME | OHEREBRKE SR HEAAR
AEEFR150 FPM/FEHFEW | 250 FPM/F FER
7 Je T A KA ETR
TR | BERABERESS SERTNAKBEREES
EFO.6M& EREL/ 3w
BAKERER | SERABRE FERRAKERE
R 1.5 E1.5Mm&
KR | FERABREE, | ERRAKBREEES
EER0.01 50 #ER0.0Ls

HEEREBCREBERREFTRES LR CEHR
» A SEROKAE ZBRET o MABAT -
FR 1. BEKEEEARKE  BEREECross-
fluted Cellulose Pad
HER2 STEMBZKEESE » DB Area®t R

Area = AFR / 250

HPWE R AFNERELSBRNER
MEARREBA » AT AR R B A KR E T st
LA A o
FR3 BEBEN—WITEKR  KEREL
PAD Lz&7r » 35180 B R i = R A T A
» —IREPRENERLREEAW -
SERA HERTEIAEEE  UEEPAD HE
TR
PAD H = Area / PAD L

EHEESREEHEZEENSE »
RIFTte REFE KR EENE » BEE
BIE 2 BRE e » B EEERMA K
EREECHEE  EEAXFEZEFEA
HER 5. FrEMRIEN AN DBEPumpC 3
T
PumpC = 1/3 * PAD_L
RNBREESEJEEPumpC N
RO FERBS I KKERN A UBE
TankW # »

TankW = 1.5 * PAD_L
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5 K B HE B TankW s ayK
DIeEFE AR L IEBRRY A MRS E K
& R TR BB K o

SERI.FEMEICRTEARKOTNESE » IEBY
MakeUpW FEx »

MakeUpW = 0.01 * PAD L

HPERAGREAEG GRS - i
PLOBEETHRE Mk mER
R s MakeUpW s » BB AJE
ERUHARKELBRAKZIRA ©

+ KB EFE BB 4RSS

HERETSFE  EREGEERMYT » TR
FRFHBAESFRILGBERRARENSE -
FEAESRBEFETBTERE R TRI
25 0 E T R R R MG R R R AR o
T+ — R E R R RER B R A S A AR A s
B H 2 FRRERABAT

HRBEEEESELC

FH & iR B 5 B 72 502 100%

BHREHEEAAESE30TC

FORERIAE (RIKE) EEEIELNC

& LA EEE e S MR ET IR R T o AR
i ERE A A (1994)Fr R 2 R ISR
(Wea Prob) » HE BT EBHBENBEARRZ
B RERRERNE > HOERHE > SHEME
ZE BB EENRE RS M R R RS
Mo - TEERETTREE L8R o T
HEEEAE T EEBE+—SREFRHER o &
“HENNSFERIGFTELER - EATHER=S
R VE LT o #ER (ELUCRHE RN
) .

1. REZEEBAREER2 ~ 2THE30C AR S5
£%39.63% » 25.18% #A7.97% » (L {E S FI4C
F—FEPE34TUNRE (FI145K) » 2206 /)Hf

(F9927K ) #7000 (FU29K ) o BHiREK
HepE BB BRATRRF - AEREBER
sEFlRE A AETEEEREZAEEHERR
BEEZET A AT HEEERKERHEE

AR TARERCHRRS RE—EA .
iz HiEgT R ERRBETE  BEaE
BHER > BEERAKEREEERZSH AR
REE R RN » TRERZBIEAKES -
A ATEE LER3E H » WIHE-FPOE—MEE
HEZMEH > MEEZRHERRFERRNR
2o

FT - ARESFEHBE REIHERERI]

REREREERREE HHEE | BREE
W Hh 5~40°C | 5~30°C |50~ 100% 0~ 10°C
& dbl 99.67%1 99.88% | 96.92% | 99.87%
£ % 100.00%) 99.99% | 99.30% | 99.99%
B B 100.00%) 99.96% | 99.88% 100.00%
&  F6|100.00%| 99.95% | 98.78% | 99.99%
B #100.00% 99.99% | 99.17% | 99.99%
= %100.00%| 99.67% | 98.76% | 99.97%
& 1100.00%; 99.83% | 96.42% | 99.95%
£  #|100.00%| 99.00% | 98.85% | 99.93%
5 £ 100.00%! 99.96% | 98.81% | 99.99%
BTl 86.87% | 76.58% | 95.40% | 92.85%

2. REZAABRERBIBTHEINODL BENE
3L5%EH 1T% o g {E 53 FI R —FFH
2759/ B (#91153K ) BE1489/BF (#4962 K
) o RELHHBEDQS » KiEFaEREZ
RE o TEHIBEE S - AFENRE R 85%
Q0%kE » HIRRBETFEB2.551.5°C » K
TSR LIS TRt B » BBKIE . ERBERS
REARBEE2.12551.275°C - EHERE
T TR KRS S P R REREAMTI  FH ML
5 [ ER B 7K B 2 SR T 58 i R IR AT A
BEEENRD B AERRE - EH%FE
2~4E AR R BT o ;B — 1 H
HRHERETRESERHLREREE &l
KAEEEET AR o REFTRBIEE L
BRTHEER (227 °C) MNBKEIEE
i HERRREGEREZ0% - BRE
EEA(E3.72% (H713.55K ) - I B KK I
L HFET o



68 BEBRMET] 3% F4 19945125
RE~FEEFEMER - BESHRERI
ERR= # X B E BEREE OB R OE
5k <10°C | > 25°C | > 27°C | > 30°C = 25°C =70% | =75% | =85% | =90%
=PI 3.20% | 31.32% | 20.23% | 8.50% 24.60% | 26.69% | 39.00% | 69.07% : 83.25%
1t 0.27% | 30.74% | 16.95% | 3.70% 21.06% | 21.01% | 35.05% | 73.49% | 89.65%
HHE 2.14% | 26.77% | 15.83% | 4.85% 24.45% | 11.32% | 19.63% | 48.85% | 68.50%
& 1.72% | 39.63% | 25.18% | 7.97% 32.10% | 22.93% | 35.86% | 68.49% | 83.03%
=: 0.38% | 46.08% | 28.84% | 7.54% 34.44% | 26.61% | 43.06% | 81.25% | 94.01%
B 2.67% | 31.49% | 19.15% | 5.78% 28.48% | 14.01% | 22.43% | 50.56% | 69.53%
& 2.72% | 32.81% | 20.55% | 6.99% 21.63% | 28.22% | 41.06% | 71.81% | 85.55%
=) 3.96% | 38.25% | 21.84% | 5.94% 24.00% | 31.84% | 53.21% | 86.70% | 93.13%
e 3.02% | 31.51% | 19.27% | 5.90% 25.72% | 22.70% | 36.80% | 73.91% | 89.21%
Tl | 44.57% | 0.00% 0.00% | 0.00% 0.00% 16.11% | 21.37% | 37.56% | 50.54%
F -~ FEESFEHER ~ BRESMHEERT
E A - # B woom RERE(WBD)

0% < RH < 65% 65% < RH < 85%|85% < RH < 100%| WBD=Tdb—Twb:°C
m°C |T<27 T=27 T<27) T=2T | T<27| T=27 WBD<3WBD<4 WBD<5S
TR [11.08% | 0.16% [26.44%| 0.11% 62.06% 0.15% 70.38% | 78.38% | 83.03%
9% 9.10% | 8.83% |35.64%| 16.80% | 28.60% 1.02% 66.28% | 77.73% | 87.43%
&dt 1 8.05% | 8.75% [34.64%| 16.19% | 30.21% | 2.16% 68.35% | 80.76% | 88.84%
=) 5.93% | 5.80% 132.16%| 24.27% | 28.11% 3.72% 69.01% | 82.39% | 92.25%
&7 9.72% | 4.256% (46.96%| 25.67% | 12.29% 1.09% 58.39% | 81.37% | 93.29%
e | T.99% | 3.94% (38.67%| 30.51% i 15.31% | 3.57% | 62.39% | 81.83% | 93.51%
#E 371% | 3.66% [23.23%| 18.29% | 47.62% 3.47% 79.14% | 88.13% | 94.68%
e 1 7.74% | 2.90% (40.14%| 22.49% | 24.00% 2.72% 72.12% | 87.12% | 95.33%
e | 7.35% | 1.78% |43.28%| 20.47% | 25.67% 1.45% 72.78% | 89.05% | 96.45%
BHE | 3.01% | 1.36% 27.63%| 17.22% | 47.90% 2.86% 84.82% | 93.53% | 97.92%
* HIRIREREE (WBD <5 °C )z 2 fE I S 5k

3. KRZIRMBEHB25 CoMzER2.1% i HEBR K o 22 RIB

B = —FE P ay2812/h 8 (KI11TR » KA
A) - BRBESBERAFANEINAEGR
EERER - KRS e TR TR 5 22 B KIS
BE > BHRKRESRE A TEE100% » AFLE
RIREERESBRRBE o FKEREFED)S
B4 R AR ER B EESEREE
ME(l - B)F AR ZEREE(WBD) » 0°F
HAT7R

= REEE + (1—-5) x WBD
—#IRBE -8 x WBD
ERKERTR B RKEEARLEEE—R
ERE (AT) » FULBEZFEEEAEBT

ART .

W AKE I RENTRRE
—HEF KB ERRE + AT, 2
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—EERBEE -5 x WBD+AT, 72
HE MU BESARREESIC » 3~4C
B4~ 5C B [E 4 95 69.01% » 13.38%
(82.39—69.01)829,86% (92.25— 82.39) » 3
Bz BLL80% St & » B BERE AKIS 2 E RIBEAD
T
AR RIIBEIN0.6°CREEE E R 2.4C »
EWBD=3C
RELIREBEMOSCHREREB FERS3.2C »
FWBD—=4C
KAZRRIBEEMNL.OCCHEZFREZE®L.0C »
HEWBD=5C

KGR A RER AU EERWBD > 5°C
CEE - AR - hEFREZENT.T%
(1-92.25%) » HEE FOTUNEE (#128K)
FEAMRR RSB BT (PR IR
o BHTEKERERRT)  MRNUAYIZ
HEME » e FHE AR R8RSR
A Bl ER Y » TEEHE ERME IR
RBRE °

N~ %

PFR KA RO BB LBEE
FIHIE » MM E AR

L kKR RTERE » KEHHRERETEEEX
AERAR » EERENREAKBET —AKHNHE
& o G YK e 2R SR Y A T AR 2 A 22
) FRFLRA » AETREIMEFEIET
» AT RE & SE UK BR AR BRI BT E B4
WARE » EEETEN o —fif » KEREH
HEREZHEIUKEREMBLRBRKERE
+ o MEHEE RIS IEERRE o

2. REFEERMLHEER L - TEE FERIHE R

3. ZEROE R AR B B KA AR B o It
THFE R R E H AT R E KA R -

4. —fiE > ETFHM > Z8EL > B E
GEIFTE > HRERERREE ZHEE

2

REAN (FEFEREX) » HEEINEE AR
K - ZEEFHEENEREHESFEL10C »
AEBEELI80% BHE - BBk ERE
EuHAEEAESC » EBREBESLC » 8
BRECPFHBERILARAE2EGLC -
5. [EKE 853 H 85 ¥ % (anti-backdraft shut-
ter) s HEMERE BEEBEREHE N o
6. BEREKEBRNTE R EREEREE
HRTE - ERFHEENREIERMRHEE
BEREORE  ZEEREHENMELEEK
TEERHHF o
7. Tk BeRREaEnmE -~ KRS
EREREARERNZERBLEALRBANE
8. ERWE » EFEAMEBEM » HiAR AR
FET DA 2 LB A BB o
9. /NOHBERE KRR EN o 2R KHEE R s
o A RBNEASEARENZEZRAREEE
BT R SRRY o AR 2 B M KR AR
BN ERRKREE  EERE T
K~ B RERHERE - EESHRE
» FEmR SRR ER A — R EE - BRT BER9fT
bt AR EHESEEE SRR
RAHEE EFHME ZERT o LAHRERTE
i TUOENMERESETERE » TLE
HWABHEHERERY o« RVTFHNEHE > By
BET > RENEH RS IEEARRRR -

R

AT RRIENSC 83-0409-B-002-094 7
AERTRE R ER BB H R TE R
B (1), HERY > RRIEEAEDRARS
B R RPN S AR BB A I
BB -

&!l

+ s 2EXH

Lo J7Mg o 1994 AR E R E RN EREER
RRERREIEN (1) - TERERH
EXRGHBERATERREE » NSC 83-
0409-B-002-094 ©
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