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Abstract

Temperature and humidity control play important roles in greenhouse environmental control.
Engineering calculations of ventilation, cooling, heating, humidification and dehumidification
processes can be best described by using psychrometric chart. Researchers developed software
based on equations describing relationships among thermodynamics properties of moist air can be
found published in fundamentals of ASAE and ASHRAE. The two most popular software was
‘PLUS’, developed by Prof. Albright of Cornell Univ., and ‘Psychart’ developed by Author at
National Taiwan University. The advancement of the computer operating system has made DOS
based software obsolete. The purpose of this paper is to describe the Windows based new ‘Psychart’
software developed using Visual C++. More features include fundamentals and applications in both
greenhouse and animal housing engineering have been added to the software, thus making it a better

tool to be used in the field of CEA (Controlled Environment Agriculture).

Keywords: Psychrometric Chart, Thermodynamic Properties, Moist Air, Decison Support,
Controlled Environment Agriculture
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Figure 1. Main window of digital Psychart software
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Twb =1({Tdb,EH}
WED =1{(Tdb,EH}
EH ={(Tdb, Twh)
¥PD =f£(Tdb,EH)
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LAHD' =£iTdb,EH)
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Figure 3. In the tag title ‘ Tables', there are 11 PsyTables
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4. PsyTables 1. Twp = f(Ta, RH)
Figure 4. Window showing calculated result of option 1 of PsyTables
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5. PsyTables 2. WBD = f(Tep, RH)
Figure 5. Window showing calculated result of option 2 of PsyTables
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6. PwTabIes 3.RH = f(Tdb, wa)
Figure 6. Window showing calculated result of option 3 of PsyTables
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7. PsyTables 4.VPD = f(Tg, RH)
Figure 7. Window showing calculated result of option 4 of PsyTables
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8. PsyTables 5.VPD' = f(Tg, RH)
Figure 8. Window showing calculated result of option 5 of PsyTables
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Table 1 Dependent and independent pairs of moist air properties

1. (D) (1)
Twb RH Tep AH SV H Pus hrg Pw
(DOS)
T I I I I I I D D I
Twb I I I I D I I I
Rh I I I I I I I
T D I I I I D
AH I I I I D
sV I I I I
H I I I
Pus I I
hg |
Tab - rh, Tao— Two, Tab — po, Tep— AH, Ty —DOS
Tao—Pw Tab H SV, Hyg
Pus
T
).
(Psychrometric Processes)
o (Sensible Heating and Sensible Cooling)
o (Humidification Dehumidification)
o (Heating Cooling)
o (Ventilation Air Mixing)
o (Evaporative Cooling Drying)
o (Combinations of the above)
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Figure 10. Processes of moist air, 1-2 is evaporative cooling process, 2-3isair
mixing process, 3-4 is sensible heating process and 4-5 is humidification
process

ICON: Cd. Diff.
Message Diff.

10



o]

State  Process |pad | veD |
State 1 State2  Dife
Tdb |20 |24 14

RH [50 2944 [1056
Twb 3 [15.3 151
924 (003
[ER

42746 [4.201
08517 (00115
244292 [958
w7z |07
28985 |0646
1177 oo

Inactivei Bctive  |DALE

—Message

Diiff.=
Properties of State 2 - State 1

rCrosshair———— Lines & Curves—
AP B VT

I+ RH
H B D [~ &H
| AL oy I~ Pw

I~ H
Step [pixels] 2 W s
Sl |

g §e - [~ Certralize
W S| | Unitlabel

|Crorrent: Tdb:23 27, RH:0.00, Twh:7 .78, Tdp:-25 45,AH:0.0000,H:23 414,8 {0.8308, Htz2444 68,DOZ0.00,Fw-0.00

[Crosshair: Tdb:24.00 ,RH:30 44

11.
Figure 11. Window showing properties and differences between 2 states

()

(n)

N = (Tdo— Tpad) / (Tab— Twb)

(Taw) (rh) (Twb)
(Toed) EFf. AfterPad

Toad 12 Message
Draw ICON

11



FPatm 10

12.

—Message

State | Process Pad lVPD |
Outdoor  AfterPad — Eff.
Tdb 25 [13.41 N

RH [45 85.65
Twb[17.77  [17.86
Tdp [13 16.73
&H [0.0034 o021
H [50185 [50185
SV [0.8603 08449
Hfg [2432.08 [2454.02
DOSf4417  [0.85
Pus [3363  [2.2655
Puw [1513  [1932

Either AfterPad ar Eff.
can be the unknown

~Crozshair “Lines & Curves
= | VT
' ' ¥ FH
SE®) | |F &
| W] [ Pw
- [ H
Step [pixels] 2 [ 5
R “Mizc.
I o [~ Centralize
I
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VPDa-c

Table 2. Explanation on the vapor absorbing capability of air

A 30°C 50%
C A
VPDa.g
(VPDa.c) (VPDag)

2.
State | Dry bulb | Wet bulb Relative Vapor | Vapor pressure
temperature|temperaturel humidity pressure deficit
Tdb,°C | Twb, °C rh, % Pv, kPa VPD, kPa
A 30 21.84 50 2.12
B 30 30 100 424  |VPDp.g=2.12
C 21.84 21.84 100 262  |VPDa.c=0.50
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13
3 Leaf 1 Leaf 2
Table 3. Explanation on leaf-air vapor pressure deficit
3.
State Dry bulb Wet bulb Relative Vapor Vapor pressure
temperature | temperature | humidity pressure deficit
Tob, °c Two, °c rh, % P, kPa VPD,.,, kPa
ar 30 21.84 50 212
Leaf 1 30 30 100 4.24 212
Leaf 2 25 25 100 3.17 1.05
T T e 0]
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Figure 13. Window showing calculated results of leaf-air vapor pressure deficit
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16. ‘Zoom Out’
Figure 16. Window shows the extreme of * Zoom Out’
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Amsden (1962)
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Figure 18. Evaporative time required for various sizes of droplet at various
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(THI)

1965~1982
(Tdb) (Twb)
THI=a* Twb+b* Tdb+c
Armstrong (1994) (Tdb) (Tdp)
(DI, Discomfort Index)
THI =Tdb+0.36* Tdp + 41.2
DI =0.99* Tdb+ 0.36 * Tdp + 41
Tdb  Tdp °c 3 PsyTables THI
THI1 THI  THI2 THI 19
THI 18 19 MATLAB

imidity ratio, kg'kg

dry bulb temperature, °C
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19 THI
Figure 19. Family curves of constant THI lines on psychrometric chart

C )
VPD
VPD 0.43 kPa VPD 0.2 kPa
(Prenger and Ling, 2002) VPD 0.2 kPa 4
VPD (0.2 kPa) VPD
9 7

Table 4. Relative humidity values at various dry bulb temperature at VPD equals 0.2 kPa

4. VPD 0.2 kPa
dry bulb temperature, °C relative humidity, %
10 83.0
20 915
30 95.5
MS Visua C++
Windows
1 1986
32(2) 49-64

2. http://ecaaser3.ecaa.ntu.edu.tw/weifang/psy/cea2-5.htm
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