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MATLABTM BASED SOFTWARE RELATED TO 
PSYCHROMETRICS

Wei FANG, Ph.D., Professor

Dept. of Biomechatronics Engineering

National Taiwan University

psymenu.m

Software 

written in 

MATLAB

psyc0226.exe

Software 

written in 

Visual C++

濕空氣熱力特性



How to start

• Download the psymenu.zip file
• Unzip it and copy all files to an assigned directory, say 

‘psymenu’
• Run the  Matlab software
• Assigned the working directory to the ‘psymenu’ directory
• Type dir, press Enter to make sure there are  .m,  .dat files, 

and a subdirectory ‘pic’ containing pictures  
• Type ‘psymenu’ in the command window, press Enter.
• A window will appear as shown in the next page









Lines of constant temperature
Lines of constant Pws=f(Tdb)
Lines of constant AHs = f(Tdb)
Lines of constant Hfg=f(Tdb)
Tdp=f(Pws), Tdp=f(Hfg), Tdp=f(AHs)

AAA

Background of picture is a separate software entitled ‘psyc0226.exe’.
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Lines of constant energy
Lines of constant enthalpy
Lines of constant wet bulb
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B:  Lines of constant RH
C:  Line of saturation (RH=100%)
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Constant Pw lines
Constant AH lines
Lines of constant water content
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Constant SV lines
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humidifying

dehumidifying

sensible heating

sensible cooling

heatingcooling



Pt1 -> pt2: Sensible Cooling
Pt2 -> pt1: Sensible heating









Latent heat removed: h1-h2



sensible heat removed: h2-h1



VPD of air



VPD at Tleaf > Tair



VPD at Tleaf < Tair



Air at 35 oC, 50% RH (state A)
passing through a wet pad (with an efficiency 
of 75% ), air is evaporatively cooled to 28.18 oC, 
84.74%RH (state B).

Heated air at state A, passing through layers of 
grain, exit air at state B.



Air at state A, heated to state B
Heated air passing through layers of grain, 
exit air at state C.
A → B: sensible heating
B  → C: adiabatic / evaporative cooling

A B

C

Sensible heating





Two Pws equations derived almost identical results from -100 to 200 oC.
Exists minor difference when Tdb > 150 oC.



Pws = f(T) = 0.61121 exp((18.678 – (T / 234.5)) * (T / (257.14 + T)))   .. . for  T > 0 oC

Pw= Pws * (RH/100)
VPDa = Pws - Pw = Pws * (1-RH/100)



Pws in Pa or kPa
AHs in g or kg vapor/kg dry air
VDs in g or kg vapor/m3 dry air 



AH = 0.62198 Pw / Pa

= 0.62198 Pw / (P - Pw)

AHs   = 0.62198 Pws / (P - Pws)

DOS = AH/AHs

AHD = AHs - AH

RH = Pw/Pws

VPD = PWws - Pw 

絕對溼度

飽和度

飽差

比容=1/密度 υ = (1/P) Ra T (1+1.6078 AH) / (1+AH)
理想氣體的氣體常數
Ra = 287.055 J/kg.K

VDs = AHs / υ
VD = AH / υ
DOS = VD/VDs

蒸汽密度



大氣壓力 Pa 101.325 kPa hfg=2501 – 2.42 t 2452.6 kJ/kg

乾球溫度 T 20 deg.C h=1.006 t + AH (2501 + 1.805 t) 38.541 kJ/kg

相對溼度 RH 50 % tdp=-35.957-1.8726*Ln(Pw)+1.1689*(Ln(Pw))^2 9.144 deg.C

飽和蒸汽壓 Pws 2.3383 kPa 氣體常數 Ra 287.055 J/kg.K

蒸汽壓 Pw 1.1692 kPa 1169.17 Pa 比容 SV 0.834 m3/kgDA

蒸汽壓差 VPD 1.1692 kPa

飽和絕對溼度 AHs 0.0147 kg/kgDA 14.7 g/kgDA 飽和蒸汽密度VDs 17.615 g/m3

絕對溼度 AH 0.0073 kg/kgDA 7.3 g/kgDA 蒸汽密度 VD 8.704 g/m3

飽差 AHD 0.0074 kg/kgDA 7.4 g/kgDA

飽和度 DOS 0.4942 DOS 0.4942

Pws = f(T) = 0.61121 exp((18.678 – (T / 234.5)) * (T / (257.14 + T)))   .. . for  T > 0 oC

Pw= Pws * (RH/100) SV=(1/P) Ra T (1+1.6078 AH) / (1+AH)

VPDa = Pws - Pw = Pws * (1-RH/100) where P in Pa, T in K

AHs   = 0.62198 * Pws / (Pa - Pws) VD: vapor density

AH    = 0.62198 * Pw / (Pa - Pw) VDs= AHs / SV

AHDa = AHs – AH = 0.62198 * [Pws / (Pa - Pws) - Pw / (Pa - Pw)] VD= AH / SV

RH = Pw / Pws

DOS = AH / AHs DOS=VD / VDs



h = 1.006 t + AH (2501 + 1.805 t)
where  t in oC, AH in kg/kg, h in kJ/kg

hfg = 2501 – 2.42 t
where  t in oC (0 ~ 65 oC only)

…簡化公式



Almost the same 
when Tdb > 0 oC





Two equations (f1, f2) 
derived same result (Pws1= 
Pws2) when Tdb > 0 oC

Pws1 = f1(Tdb)
Pws2 = f2(Tdb)

Tdb1 = f3 (Pws1)
Tdb2 = f3(Pws2)

One equation (f3) derived 
same result (Tdb> 0 oC) when 
input varied (Pws1,Pws2)



Relative humidity (rh) = Pw/Pws*100
Degree of saturation (dos) = AH/AHs*100

dos = VD/VDs*100

AH vs. TdbPw vs. Tdb VD vs. Tdb



f(Tdb, rh=50%)



psy.dat
Psyresult.dat



Totally, 45 Pairs of psychrometric properties
39 independent pairs (Possible to derive others)

6 dependent pairs (Impossible to derive others)



Totally, 55 Pairs of psychrometric properties
47 independent pairs (Possible to derive others)

8 dependent pairs (Impossible to derive others)

I



10 pairs of input parameters

f(Tdb, rh)



f(Tdb, Twb)



f(Tdb, Tdp)



f(Tdb, Pw)



f(Tdb, ah)



f(Pws, rh)



f(Pws, Twb)



f(Pws, Tdp)



f(Pws, Pw)



f(Pws, ah)





Option 6:
A range of  ‘sv’ was pre-calculated to serve as a help-tip to users.





1 redundant

New option



RH

Besides H and hfg, totally 31 ‘P’ pairs

I
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Pws (in kPa)= 
f(Tdb=0:2:40)

Hfg (in kJ/kg) = 
f(Tdb=0:2:40)



Pw (in kPa) = 
f(Tdb=0:2:40, 
rh=10:10:100)

Pw



DOS (in %) = 
f(Tdb=0:2:40, 
rh=10:10:100)

DOS



VPD (in kPa)= 
f(Tdb=0:2:40, 
rh=10:10:100)

VPD



AH (in kg/kg)= 
f(Tdb=0:2:40, 
rh=10:10:100)

AH



AHD (in kg/kg) = 
f(Tdb=0:2:40, 
rh=10:10:100)

AHD



h (in kJ/kg) = 
f(Tdb=0:2:40, 
rh=10:10:100)

h



SV (m3/kg) = 
f(Tdb=0:2:40, 
rh=10:10:100)

SV



Tdp (in deg.C) = 
f(Tdb=0:2:40, 
rh=10:10:100)

Tdp



THI = 
f(Tdb=0:2:40, 
rh=10:10:100)

THI



Twb (in deg.C) = 
f(Tdb=0:2:40, 
rh=10:10:100)

Twb



WBD (in deg.C) = 
f(Tdb=0:2:40, 
rh=10:10:100)

WBD



Tdb

rh

Patm

Pws
AHs

AH

Pw

DOS
SV

case 'dos'

header(Tdb,RH,pa);      

pws=psy(Tdb,0,0,'pws');     

AH=psy(pa,pws,RH,'ah');

AHs=psy(pa,pws,100,'ah');

dispresults(pws,AH,AHs,'dos'); 



不同海拔高度的大氣壓力



Tdb

rh

Patm

Pws
AHs

AH

Pw

DOS
SV

case 'sv'

header(Tdb,RH,pa);        

pws=psy(Tdb,0,0,'pws');     

ah=psy(pa,pws,RH,'ah'); 

sv=psy(pa,Tdb,ah,'sv');    

dispresults(pws,ah,sv,'sv');



Tdb

rh

Patm

Pws
AHs

AH
Pw

h
case 'h'

header(Tdb,RH,pa);  

pws=psy(Tdb,0,0,'pws');     

ah=psy(pa,pws,RH,'ah');

h=psy(Tdb,ah,0,'h');

dispresults(pws,ah,h,'h');



case 'dp'

tdb=[10 20 25 30 40 50];rh=[20 40 60 80 80 100];    

for i=1:length(tdb)

header(tdb(i),rh(i),pa);    

pws=psy(tdb(i),0,0,'pws');% in kPa

pw=rh(i)/100*pws;           % in kPa

tdp1=psy(tdb(i),pw,0,'tdp');

tdp2=psy(pw,0,0,'tdp2');    

dispresults(tdp1,tdp2,tdp1-tdp2,'dp');        

end



case 'wb'

pa=[101.325 89.874 79.495]; 

% Elevation at sea level, 1000 m, 2000 m

for i=1:3    

header(Tdb,RH,pa(i));   

pws=psy(Tdb,0,0,'pws');        % in kPa

pw=RH/100*pws;                 % in kPa

tdp=psy(Tdb,pw,0,'tdp');       % in deg.C

twb1=psy(Tdb,tdp,0,‘twb’);     % sea level only

twb2=psy(Tdb,pw,pa(i),'twb2'); % iterative algorithm

dispresults(twb1,twb2,twb1-twb2,'wb');    

end



case 'hfg'

P=[101.325  101.325  89.874  89.874  61.64 61.64];       

T=[50 60 50 60 50 60];

for i=1:1:length(P)

tdb(i)=T(i); patm(i)=P(i);  

pws(i)=psy(tdb(i),0,0,'pws');     % in kPa

pws2(i)=psy(tdb(i),0,0,'pws2');  

hfg(i)=psy(tdb(i),0,0,'hfg');     % in kJ/kg

hfg2(i)=psy(tdb(i),0,0,'hfg2');

tsat(i)=psy(pws(i),0,0,'tsat');   % in deg.C

tsat2(i)=psy(pws2(i),0,0,'tsat');

end

• Pws anf Hfg are f(Tdb).
• Both are not affected by Patm

• The Pws derived from case ‘pws2’ can 
derive more accurate Tdb when using 
case ‘tsat’. 



Following parameters will not 
varied with the change of Patm:

all Pws, all Pw, all Hfg, 
Tsat, Tdp
Twb_1



Tdb

rh

Patm

Pws
AHs

AH

h

Pw

Twb

DOS
SV

Tdp

Given 3 
to derive 15 properties.



Given 3 to derive 
19 properties.

























Notes for people interested in MATLAB programming 
and psychrometric related equations

• All the psychrometric related equations can be found in ‘psy.m’

• The ‘psy.m’ contains 4 inputs, the first 3 are values for later calculation. If number 
of inputs less than 3, enter 0. The 4th parameter is a string works as the switch for 
the selection of equations.

• Following codes show examples of using the subroutine.

• To derive pws using 2 separate equations
• pws1=psy(tdb,0,0,’pws’);  % only 1 parameter is needed
• pws2=psy(tdb,0,0,’pws2’);

• To derive pw using 1 equation with different inputs
• pw1=psy(pws1,rh,0,’pw’); % only 2 parameters are needed
• Pw2=psy(pws2,rh,0,’pw’);

• You can create your own subroutine, for example
• AH=psy(patm, pws, rh, ’ah’); % all 3 parameters are needed
• AH=psy(patm, pw, 0, ‘ah_your_version’);  % due to prior calculation of pw=pws*rh/100;



Notes for people interested in MATLAB program and 
psychrometric related equations

• Some parameters have multiple ways to derive the value, 
such as :
• Hfg1 and Hfg2;   AHs1 and AHs2; Tdp1 and Tdp2
• Twb1 (sea level only)  and Twb2 (generic suitable for various Patm)
• Tdp1 (=f(Pws)) and Tdp2(=f(AHs))

• Tdb=Twb=Tdp=f(Pws), when rh=100
• Tdb =Twb=Tdp=f(Ahs), when rh=100

• Most of the equations published were collected. 

• If you find any psychrometric related equations not included 
in the ‘psy.m’ file, please forward a message to the author. 



溼空氣熱力特性在溫室環控的應用

•應用於所有層面：通風、加溫、降溫、除溼、空調等
• 通風速率：質、能量平衡

• 冷凝：涉及露點溫度 (Tdp)

• 除溼：涉及絕對溼度 (AH)

• 空調負荷：涉及焓值(H)

• 加濕、除溼：涉及AH、蒸發潛熱 (Hfg)

• 蒸散：涉及蒸氣壓 (VP)、蒸氣壓差 (VPD)

• …



達到能量平衡所需的通風速率

排濕量與通風速率





Ventilation Rate

HGH

Radiation
Houtdoor

依照太陽輻射量、溫室內外的焓值來設定通風速率



葉片T

太陽輻射

溫室T

露點T

• 夜間的葉片T、溫室T與露點T值頗接近，看似前二者均高於露點T，但要注意的是溫室內水平及垂直方向可能存
在 1~1.5 oC 的溫差，仍要留意局部位置發生冷凝的狀況。

• 日出時最易發生冷凝。上方空氣T上升較快，上方葉片蒸散較旺，下方果實及莖部溫度上升慢，當表面T低於空
氣的露點T時，就會有冷凝發生在果實及莖部表面 (番茄溫室)。

• 露點溫度與 AH 有關，提高室內T無法處理冷凝，需要排濕才能避免。

要留意溫室內發生冷凝的風險



AHoutdoor

AHGH

RHGH

RHoutdoor

當室外 RH > 室內 RH時，透過通風能夠幫助排除室內的水分嗎?



LetsGrow

Wei FANG

NTU_BME and Global ATGS

National Taiwan University

2022/03/16

A psychrometric software

https://gpe.letsgrow.com/psychro

http://www.ntu.edu.tw/
https://gpe.letsgrow.com/psychro


http://www.ntu.edu.tw/


1 ATM = sea level, altitude = 0 m

RH inside stomata is 100%
This is 
AHdif

This is 
AHD

or HD

= VPsat - VP

AHdif>0 to ensure water vapor 

inside stomata can be escaped 

to outside

This is 
VPdif

http://www.ntu.edu.tw/


Micro-climate

AHdif>0 to ensure water vapor 

move away from crop canopy

= VPsat - VP

This is 
AHdif

AHD is not equal to AHdif , AHD is the AH@Tsat – AH@Tdb
VPD is not equal to VPdif, VPD is the VP@Tsat – VP@Tdb

This is 
VPdif

http://www.ntu.edu.tw/


Detail
version

http://www.ntu.edu.tw/


Simplify
version

http://www.ntu.edu.tw/


Geo location

Bring in the outdoor T and RH info from 

worldwide weather station into the 

psychrometric software

http://www.ntu.edu.tw/


http://www.ntu.edu.tw/


http://www.ntu.edu.tw/


Click on this icon can bring 
the weather condition to 

the  Psychro software

http://www.ntu.edu.tw/


http://www.ntu.edu.tw/


Three Extra Analysis

http://www.ntu.edu.tw/


ExtraHeat = (Radiation*Transmittance) – (U*dT)  
=[500*0.8 - 0*(30-18)]*3600/1000 kJ/m2.h
∆Enthalpy=87.54-40.61=46.93 kJ/kg
Ventilation=ExtraHeat/∆Enthalpy 
=400*3.6/46.93=30.69 kg/m2.h

ExtraHeat=[500*0.8 - 10*(30-18)]*3600/1000 kJ/m2.h
Ventilation=ExtraHeat/∆Enthalpy=(400-120)/46.93=21.48

Energy Balance

Based on outside and inside conditions defined previously

http://www.ntu.edu.tw/


Value from Energy 
balance

Net moisture balance = 
Moisture removed – Crop evaporation – fogging rate 

= 301.58 – 50 - 100 = 151.58 g/ m2.h

Net moisture balance = 
Moisture removed – Crop evaporation – fogging rate

= 301.58 – 50 - 0 = 251.58 g/ m2.h

AHdif = 23.08 - 9.04 = 14.04 g/kg air
Moisture removed @given ventilation rate 
= 21.48 * 14.04 = 301.58 g/m2.h

Moisture Balance based on ventilation rate derived from energy balance

http://www.ntu.edu.tw/


Moisture exhaust= Fan capacity x AHdif (g/m3) 
= 10  m3/m2.h * (26.43 – 10.87) g/m3 = 155.6 g/m2.h

Moisture exhaust= Fan capacity x AHdif (g/kg) x densityinsideAir

= 10 m3/m2.h x (23.08 – 9.04) g/kg x (26.43/23.08) kg/m3 = 160.778 g/m2.h

Air density 
= (26.43/23.08) = 1.1451473

Fan power = dP x (total flow/3600) / 
Efficiency

= 1000  x (1000/3600) /1 = 277.78 W

Fan power = = 100  x (1000/3600) /0.4 = 69.444 

W

Heat Exchanger (HX) Power = f(dT,  fan capacity)
If dT or fan capacity = 0,  HXPower=0

HXPower=Cp*dT*(capacity/3.60)*densityin

= 1.001 * 12 * 10 /3.6* (26.43/23.08)
= 38.2 W/m2

Elec. Consumption = HXPower *GHarea
= 38.21*100 = 3821 W 
= 3821*3600/106 MJ/h 
= 3.821*3.6 = 13.7556 MJ/h

10.87 g/m³ 26.43 g/m³

dP

dP

dT = Tinside - Toutside Moisture Control

http://www.ntu.edu.tw/


Fan power = dP x (Total flow/3600)/ 
Efficiency

= 1000 x (160/3600) /1 = 44.44 W

Total flow = Capacity * GH area
Fan power = dP x (Total flow/3600)/ 
Efficiency

= 1000  x (0/3600) /1 = 0 W

Fan power = 200 x (160/3600) /0.5 = 17.78 W Fan power = 200  x (1600/3600) /0.5 = 177.78 

W

dP dP

HXPower = Cp * dT * capacity/3.6 * density
= 1.001 * 1 * 1/3.6 * (11.54/9.63) = 0.333 W/m2

Elec.Consumption = HXPower *Gharea * 
3.6/1000
= 0.3184*160 = 50.944 W= 50.944*3600/106

= 0.18336 MJ/h

11.54 g/m3

http://www.ntu.edu.tw/


When fan capacity = 0 m3/m2.h, 

There is no air exchange between in & outdoor, 

thus, Moisture exhaust = 0

However, there still exist AH difference between indoor and 

micro-climate around crop

AHdif = 24.43 – 23.08 = 1.35 g/kg
When Crop height =1 m, Air volume around crop per unit area (1 m2) = 1 m3

An empirical equation to derive Diffusion:

Diffusion = 0.214375 * AHdif * density /crop height

= 0.214375* 1.35 * 1.1449 /1 = 0.331 g/m2.h

Fan capacity = 0, air movement through crop = 0 cm/s

Total moisture transport (TMT) = Diffuse

density = 27.97/24.43  = 1.1449 density =29.5/25.79 = 1.1438

density = 27.97/24.43  = 1.1449 

Diffusion = 0.214375 * 1.35 * 1.1449 /0.5 = 0.663

Diffusion = 0.214375 * 1.35 * 1.1449 /1 = 0.331 Diffusion = 0.214375 * 2.71 * 1.1438 /0.5 = 1.329

Diffusion = 0.214375 * 2.71 * 1.1438 /1 = 0.664

http://www.ntu.edu.tw/


Total moisture transport (TmT)

=  moistureTransportfan + moistureTransportdiffuse

= Fan capacity * AH   + Diffusion

in      m3/m2.h   * g/m3 +   g/m2.h

Air movement = f(fan capacity)

1 m3/m2.h = 100 cm/3600 s = air movement 0.0277 cm/s

TmT = 1 * 27.9658  + 0.332 = 28.2978  ≈ 28.30 g/m2.h

10 m3/m2.h = 10 * 100/3600 = 1/3.6 = 0.2777 cm/s

TmT = 10 * 27.9658 + 0.332 = 279.99  g/m2.h 

30 m3/m2.h = 30 * 100/3600 = 0.8333 cm/s

TmT = 30 * 27.9658 + 0.332 = 839.306 ≈ 839.31 g/m2.h

http://www.ntu.edu.tw/

