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Abstract

Computer software was developed in the fields of greenhouse design and
environmental control. The software has been used in practical applications as well as
teaching and research. Due to the advancement of operating systems of computers,
software based on DOS will soon be faced out. The purpose of this study is to enable the
execution of the previously developed software on a Windows based computer and on
multi-platform of computers. The computer language used was Microsoft Visual C++ and
MATLAB, respectively. The focus of this paper is to introduce the 2 newly developed
software entitled ‘Digital Psychrometric Chart’, the technical background and its
applications in the fields of Bio-environmental control. Both computer programs can be
downloaded from the Internet.
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1. MATLAB

Fig. 1. Operation window of the MATLAB version of digital psy.chart software

2.2
2.2.1.

2.2.2.

2.2.3.

(Saturated vapor pressure, Pys, ASHRAE, 1993)
0 (17316 K T 273.16 K

In(PWS):%+C2+C3T+C4T2+C5T3+C6T4+C7In(T) (1a)

Ci=— 5.6745359E+03 Cs= 6.2215701E- 07 C;= 4.1635019
Co=— 5.1523058E—- 01  Cs= 2.0747825E- 09
Csz= 9.6778430E— 03  Ce=— 9.4840240E- 13

0 (27316K T 473)16 K
IN(Pys) = % +Cq +CyoT +Cy T2+ CT3 + CizIn(T) (1b)

Cg=— 5.8002206E+03  Cio=— 4.8640239E-02 Co= 1.4452093E-08
Co=— 5.5162560E+00 Cui= 4.1764/68E-05 Ciz= 6.5459673

(Dew point temperature, Tqp, ASAE, 1999)
Tap =237.203- 1.8726a +1.1689a * (273.16 K T4, 343.16K) (29)
Top= 212.71+7.03220 +0.370000 > (21316 K Ty 273.16K) (2b)

,a=/n(P,/1000)
(Wet bulb temperature, Ty, ASAE, 1999)

Pssi— P=B' (Twi— T) (255.38K T 533.16K) (3a)



1006.9254x (P,,, — P, ) x (1+0.15577 P, )

B'= A (3b)
0.62194x h',
h'ig h'tg Tw 273.16K
2.2.4. (Degree of saturation, dos, ASAE, 1999)
dos=W/Ws 4
2.2.5. / (Humidity ratio, W Absolute humidity, AH, ASAE, 1999)

W=M,,/ Mg =( mole fraction ratio X w/X ») (18.015/28.964) = 0.62198 X 1,/ X

W= 0.62198L (255.38K T 533.16 K) (5a)
atm — Tv
PV _ W x PaIm (5b)
0.62198+W
- (2501 2.381xt) xWs — (t -t,,) (50
(2501+1.805xt — 4.186x t,,)
(58') Pswb P Ws Pswb (1a)
(1b)
2.2.6 (Specific volume, Vg, ASHRAE, 1993)
Vg, = _287xT (255.38K T 533.16K) (63)
I:)atm - I:)v
T= Vsa X (Patm B PV) (6b)
287
287 xT
I:)v = I:)atm - v (60)
sa
V.- 287 x T x (1+1.6078* W) (60)
Patm
227 (Relative humidity, rh, ASHRAE, 1993)
th= 7
Ps
(rh) (dos)
228 (Latent heat, ASAE, 1999)



hig=2,839,683.144— 212.56384x(T— 255.38)

Prg
hig=2,502,535.259— 2,385.76424x (T— 273.16)

255.38K T 273.16K (8a)

27316 K T 338.72K (8h)

htg = (7,329,155,978,000 - 15,995,964.08 x Tz)% 338.72K T 533.16K (8c)

2.2.9 (Enthalpy, H, ASHRAE, 1993)
H=1000x [1.006xt +Wx (2501+1.805xt)]
2.2.10 (Vapor pressure, P,, ASHRAE, 1993)
Patm XW

v 7 (0.62198+W)

2.3. MSVisua C++
2 MS Visua C++
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2. MSVisua C++ Set

Fig. 2. Operation window of ‘Set’ menu of the MS Visual C++ version of the digital

chrometric chart software
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3. MSVisua C++ Line and Curves
Fig. 3. Operation window of ‘Line and Curves zone of the MS Visual C++ version of the
digital Psychrometric chart software
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4. MSVisua C++
X 110 C X 10 C
Fig. 4. Operation window of ‘Zoomin’ and ‘Zoom out’ option of the MS Visual C++
version of the digital Psychrometric chart software.
(Left: range of X axisis 110 degree C, Right: Range of the X axisis 10 degree C)
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31
1
P I
Tab—hig
(1) Pws Tdb Tdb —Pws (8)
hg T Tab —ig Twb H
Tap, AH Py
1
Table 1. Correlated or independent pairs of moist air properties
Twp [th |Tgp [AH [SV |H  |Pas g [Py

T P P P [P P P I I [P

Twb P P [P [P |l P P |P

rh P [P P P P [P |P

Tap I P P [P [P |l

AH P [P P P

S P P [P |P

H P [P [P

Puws P |P

hg P

MATLAB T - Twb,

T-rh T- po, Two-rh, Twb- po rh - po MSVisual C++ T -rh,

T—Tup, T—Tap T—AH, T—dos ~ T-Pv



3.2
/ /

(Psychrometric Processes) 5

(Sensible Heating and Sensible Cooling)
(Humidification Dehumidification)
(Heating Cooling)

(Ventilation Air Mixing)

(Evaporative Cooling Drying)
(Combinations of the above)

A. 12 1 2
1-2

B. (2-3)

C. (3-4) (4-5) 3
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Fig. 5. Various processes of the change of states of the moist air



3.3

(n)
N = (Tdo— Tpad) / (Tao — Twb) (11)
(Ta) (rh) (Twb)
(Tpad) Tpad
34
2 A,B C
2 A 30 C 50% B A
C A
VPDa.s
VPDa-c (VPDa-c) (VPDa-g)
2.
Table 2. Examplesto illustrate the capability of absorption of moisture of air
Ta, C|Twn, C| rh, % P, kPa VPD
A 30 21.84 50 212
B 30 30 100 4.24 |VPDag =212 kPa
C 21.84 | 21.84 100 2.62 |VPDa.c =0.50 kPa
35
(Evapotranspiration)
(Evaporation) (Transpiration) (leaf)
(PWS@T| eaf) (a-| r) (Pv@Tdb) (V I:)DI -a)
P@Tab (Tiear)
100% Pus@T esf
(Crop Water Stress Index, CWSI) VPD.a
3.
Table 3. Examplesto illustrate the vapor pressure deficit among air and | eaf
Ta, C|Twn, C| rh, % P, kPa VPD,.4

air 30 21.84 50 212
Leaf 1 30 30 100 424 212 KkPa
Leaf 2 25 25 100 317 |1.05kPa
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