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Variations of Air Temperature, Relative Humidity and Pressure
in a Low Pressure Chamber for Plant Growth

Jong Hyun Park' and Yong Hyeon Kim**

Jeonju 561-756, Korea (The Institute of Agricultural Science & Technology)

Abstract. This study was conducted to analyze the variations of air temperature, relative humidity and
pressure in a low pressure chamber for plant growth. The low pressure chamber was composed of an acrylic
cylinder, a stainless plate, a mass flow controller, an elastomer pressure controller, a read-out-box, a vacuum
pump, and sensors of air temperature, relative humidity, and pressure. The pressure leakage in the low pres-
sure chamber was greatly affected by the material and connection method of tubes. The leakage rate in the
low pressure chamber with the welding of the stainless tubes and a plate decreased by 0.21kPa-h™!, whereas
the leakage in the low pressure chamber with teflon tube and rubber O-ring was given by 1.03kPa- h™!. Pres-
sure in the low pressure chamber was sensitively fluctuated by the air temperature inside the chamber. An
elastomer pressure controller was installed to keep the pressure in the low pressure chamber at a sefting
value. However, inside relative humidity at dark period increased to saturation level.. Two levels (25 and
50kPa) of pressure and two levels (500 and 1,000sccm) of mass flow rate were provided to investigate the
effect of low pressure and mass flow rate on relative humidity inside the chamber. It was concluded that low
setting value of pressure and high mass flow rate of mixed gas were the effective methods to control the
pressure and to suppress the excessive rise of relative humidity inside the chamber.
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Fig. 1. Schematic diagram of a low pressure chamber for plant growth.
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Table 1. Specifications of the sensors and measuring devices used in this study.

Sensors & measuring devices

Specifications

Acrylic cylinder
Thermocouple

Humidity sensor

Stainless plate

Electric heater

Elastomer pressure controller
4 channel MFC readout box
Ball valves

Vacuum pump

Vacuum gauge

Regulator

Mass flow controller

Pressure standard

Sampling cylinder

Clear acrylic (PMMA), 400 (D) x 760 (H) x 8 (T)
K-type, DS-2000, ORIENTAL TEMP SENSOR
Output: 4-20 mA

HS-200M, SENTECH Co., Ltd.

Range: 5~95% RH, output: 4~20mA

460 (D) x 5(T)

Rated capicity: 60W, Max temperature: 60°C
Flow range: 0~30,000sccm

NEO301, NEOSYS Co., Ltd.

SS-42GS4, SWAGELOK Co., Ltd.
WOVP-0040, WONCHANG Co., Ltd.
Degree of vacuum: 2.0 mbar

D65, WIKA Instruments Ltd.

Range: —1~0cmHg

TS-442262241, TESCOM Co., Ltd.
Inlet: 3,500Psig, outlet: 100Psig
BROOKS 5850E, Brooks Automation Inc.
Range: 0~3,000scem

Model 745, Paroscientific, Inc.

Range: 0.1~1.38 mbar

304L-HDF4-50, SWAGELOK Co., Ltd.
Capacity: 50 scem, pressure: 344bar

Bhs AEFEA(Mass flow controller, MFC), MFC
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Fig. 2. Schematic diagram of gas flow in a low pressure chamber for plant growth.
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Table 2. Treatment for the measurement of air temperature, relative humidity and pressure in a low pressure chamber for

plant growth.
Treatment Description
A Use of the teflon tube with rubber O-ring

Replacement of the teflon tube with rubber O-ring by the stainless tube with silicon O-ring, use of
B grease for vacuum, addition of one more silicon O-ring, installing of acrylic plate on the top of acrylic
cylinder and four rods to tighten the acrylic plate

C Welding of the stainless tube and plate

D Installing of an elastomer pressure controller

3Tk 948 =4& Pressure standard(Model 745,
Paroscientific, Inc.), RS-232C # ©|&, Digital Inter-
active 2.0 AT EJO}E o] 33 AFEQe] EXL B
3} o]Fojzict,

Fig. 2= ASHIH Uie] 3%, E371xo
*E A Fgs el 7401 1%1
AN uiFe) ke = ARSI o e

HIE 78 E37ier) 09k o) w) sl 281
20 352 33E Wl B(SS-42GXS4, SWAGELOK
Co., Ltd)ell of3fi 2gko 2 vlpojAn, 23ke A
P R 7k AR Bado) BeF spas ey
& w9} MFC Alo] o] B2 a3 7k A AR
A 318w} E3kne] fEds 98t
MECHj 2 Wafo|th. MPCe] 9)8) 2=dd E3vias
HFHAE 9% A 2WB(SS-4C-1, SWAGELOK
Co., Lid.)oll =34 o} A= BB E 238 7}~

© T 33 iHo] s Ho] &g @
=E B8l AHHZ fdE) o] W s E)
A o R= B H(SS-42GS4, SWAGELOK Co.,
Ltd.)ol <J8] ="},

A4 o] Erls AREA Bag rha
E AEHT o AEY dUur) ARE o5 W)
of wh hEmisle AR} AFHZ Alo]d] 93]
PR EAT AL 3EL Aoz &
e},

Aol Zagh JFFony Hedelols 1
UHZMH 250W, SAMLIP ELECTRIC Co., Ltd.)
9} AIPEF WIEMPS 250W, SAMLIP ELECTRIC
Co. Ltd )= ARE3IATE. olw) Abss ol =13k
ETIEH 010 A A (LI-190SA, LI-
CORZ Z4¥ BIAIFEZIAEE 240umol - m™
slo|t},

C{:] =]
3Lo] ylEo

l
l:tl
J

3. ¥a| =Ad

A W] 7], ddiss 2 ok wslke 24
317] 91k Ae] 208 A 1A U8l me}
A AR FEECHTable 2). HE] 24 AE

ol=d Aerie} ol=d shuke] AR 1 98
9 24 239 o=d skl AZd HZE AP
WS ARESE 9ol afEgit). o] % HIZE Az
S éﬂl‘d%ﬂlé vk 2 wA|SHaL, vigt sk
o] o]l 1 2F ST gk A
o e8s e‘ah xﬂ Ao} QEloz WAEYL, V)]
28 olel 28 IS Zle AxEsu). oyl
of=d ARAvie} of=d el S wol7] 98

23 ol=d s} olF AXdkn 2o E ARE 4
e X3 Ao AglzA Bl sigsich tgo =

ol=d g AHRlEI: ko WA &, 2E|
gl vl slel A% B9E st A% A
$7F Az col gt Ae] 24 collMe A
FH(Lactuca Sativa L) 20575 *]Z}ﬁi Al Al
e A8t o o BAFERUAE, B
9 7122 78z 240umol + m™ - 57, 16/8h, 26/18°CO]

Aok HEzA DE 71 wgle] we g wHiE
AostaAl YHEZAAS AXg 5ol et o]

o} 7 25kPa, 50kPao] FEZZM MFCE 53|
Z¥zZ} 500scem, 1,000scem®] A0 2 E3pAE 3
ﬁl?‘—lﬁ o|2 &l WA EHe oEel HalE

A} Ao 2 Yeh e FERlslE 245
é_lﬁdol Aelz4 Dol sgsict.

‘n:gﬂlld

p

p

a1

p =)
K
!

1. %2 = A
27 AR WASE S48k v )

-203 -



*Temperature(C) B Relative humidity(%)
40 40

s e
L pood <
I Dunnuﬂnnmnnn %
= 35 oo 35 2
[ nﬂunu £
@ a® 2
£ a0 el. 2
> Loeniescecccsscrersacesssscsccncncees 30 >
2 o 5
o o D
< ok , &
25 25
0 50 100
Time(min)

Fig. 3. Variations of air temperature and relative humidity
in a chamber operated at treatment A.
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Fig. 4. Variations of pressure in a chamber operated at treat-
ment A.
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Fig. 5. Variations of air temperature and relative humidity
in a chamber operated at treatment C.
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Table 3. Initial pressure, final pressure and pressure leakage rate in a low pressure chamber according to the treatment.

Treatment  Initial pressure (kPa)  Final pressure (kPa)  Measured time (h) Pressure leakage rate (kPa - h™)
I 21.6 26.3 10 0.5
II 19.6 24.5 12 04
111 16.6 20.9 10 04
v 133 18.1 12 0.4
v 16.1 26.2 12 0.8
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Fig. 6. Variations of pressure in a chamber operated at treat-
ment C.
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Fig. 7. Variations of air temperature and relative humidity
in a chamber operated at treatment C during 1day.
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Fig. 8. Variations of pressure in a chamber operated at treat-
ment C during 1day.
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