R E R 2R o

O I A

B EMR YA

*‘L. " - , l
2 )7 Kﬁz \) W 4 é"\
ﬁ}\ 5? 23 AL AR /J‘i WU




ZANVZANVZANYIZANTZANTVIZANT £ AN

‘ 4. Software for the Iea ning of psychrometrics 8 i Digital Psychrometric Crart C X

Set Tables About Exit

Chart description Given 1 Given 2 Given 3 Process More... Misc. ¥ {Stabe §Process| Pad | WD |

ik Patm - 101.32% kPa
Tdd |70 degreaC

Digital Psychrometric Chart

Ver. 2.0 ¥ .4 A8 o SO O Yie < NI |
P ~ Tdp [315 dagesC

‘ AH 'c‘ CU 3 kg DA

proseee W OULUIE N /- psyc0220.exe i

Dept. of Buomeohatronlcs Enguneenng SV [oescz  mikaDA

& Hig [24526  Whko
National Taiwan University * = DOS [3837 %

s~ Sof’rwq AN Software o =

Py [1 .

AH 80 %
Twb [1378 degesC

Meszags
I addhon 1o Pam
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How to start

* Download the psymenu.zip file

* Unzip it and copy all files to an assigned directory, say
‘osymenu’

* 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



4 Software for the learning of psychrometrics

Chart description Known 1 property 2 properties 3 properties Process More...

Misc.

Digital Psychrometric Chart

Ver. 2.0 é;r

&
Wei FANG, Ph.D., Professor ~ #
Dept. of Biomechatronics Engineerig{;?
National Taiwan University ¢ .

Email: weifang@ntu.edu.tw
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4 Software for the learning of psychrometrics == X Process More Misc

Chart description Known 1 property 2 prop Known 1 property 2 properties 3 properties
Psychrometric Chart (Normal T, SI) 1975 From Tdb to Pws (2 eqs)

Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy I

Cooling w/o condensation

Cooling with condensation
Three types (Pws/AHs/VDs) of Y on psy.charl

From Tdb to hfg (2 eqs.)
From Pws to Tdb Air mixing
: VPD of leaf and air

Evaporative cooling
constant RH

constant AH, Pw

constant SV lines 2 properties 3 properties Process More

6 constant lines |

Tdb & rh/dos -> Pw/AH/VD vs. Tdb

Frocesses  properties Process More.. Misc.
Process 1: sensible cooling psyl (Tdb + 50% rh) |
pt1 of process 1 " psy10 (10 pairs) j nndbos
pt2 of process 1 . 1 find SV
sy20 (20 pairs
Process 2: cooling w/ condensation P F25 E25 P ) ; T find h
S airs
. ; O: processi E p: Tablespﬂdb RH) | findTdp
g P RV findwb
Process 3: VPD of air e S :
VPD of leaf@ Tleaf > Tair More.. Misc. Misc. find hfg
VPD of leaf@ Tleaf < Tair _ About Author find difference among equations
THI lines

- About Software ©  find ALL
Drying of agri. products Droplet lifetime Close all ) find ALL 2

Process 4: Evaporative cooling

I # -\‘\-\"\- ..l'



Chart description

NSO

Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines

Processes

Process 1: sensible cooling
pt1 of process 1
pt2 of process 1

Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2

Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair

Process 4: Evaporative cooling
Drying of agri. products

PSYCHROMETRIC CHART

NORMAL TEMPERATURES

SI METRIC UNITS
Barometric Pressure 101.325 kPa
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Chart description

Psychrometric Chart (Normal T, SI) 1975

Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines

Processes
Process 1: sensible cooling

pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Fvaporative cooling
Drying of agri. products

2 Digital Psychrometric Chart - Background of picture is a separate software entitled ‘psyc0226.exe’-

Set Tables

. kgfkg DA
ckd kg DA
W o m3skg DA
-kl kg
DOS: %
Pw : kPa

About Exit

Patm : 101.32b kPa

Lines of constant temperature
Lines of constant P, =f(Ty,,)
Lines of constant AH, = f(T,)
Lines of constant Hfg=f(Tdb) )
Tap=f(Pus)s Tgo=f(Hg), po:f(A-Hg);

—: FI'."'.'
_AAH ¥0.001

5 065 Tdb |30

()
[0
LD

l'_-_'l_;_ S ___.E.._ EE—

h]

—!'LT_'-_ S __u_'_.

~

~
e

53.59
23.47
21
0.0157
7018
0.8804
2428 4
57.55
4 246
2.488

M
il ) |

State |F'loc:ess Pad

WPD |

degree C

degree C
deqree C
ka/kg DA
kd/kg D&
m3/kg DA
kd/ka

kPa

In addition to Patm,
you still need 2 properties to

" LCentralize
v Unit label




Chart description
Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines
Processes
Process 1: sensible cooling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling
Drying of agri. products

_eﬂ Digital Psychrometric Chart

Set Tables About Exit

Units 101

&H : kaofkg DA
H :kl/kaDa
SV :m3/kg DA
Hfa : kl/kg
Dos: %

Pw : kPa

g 5E2
/6.281
/218

T

64285
BOB7
57 404
N4 076

11646
17061
10502
99690
94585

Lines-of constant energy
Lines-of constant enthalpy
Lines of-constant wet-bulb

Crosshair: Tdb:20.95 RH:63.42

]

State |F’roc:ess | Pad | VPD

Tdb |25 degree

Twb |20 ~  degeeC
Tdp [1733 ~ degreeC
AH  10.0125 ka/kag DA
H [57.017  kl/kgDaA
SV W m3/ka DA
Hfg 24405

DOS (G232

Pws [3169

Pw [1999

Meszage
wet bulb temperature
Range:8.31 C <> 25.00C
Based on curent Tdb.

Crosshair Lines & Curves

Step [pixels)

- p—

RN
v LCentralize
v Unit label




_aﬂ Digital Psychrometric Chart L]

Chart description Set Tables About Exit

Psychrometric Chart (Normal T, SI) 1975 ' Units Patm - 101 325 kPa State | Process | Pad VPD

Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH AH : kaskg DA
constant AH, Pw i klkaDA 1 B: |ines of constant RH RH [60 %
constant SV lines E'j"" : rrEllf’P_g DA C: L Bt ti ( RH=100% ) Twb [1938 ~ degreeC
6 constant lines Hr_g_ H’ kg 5 Lusen selibire oh - g Tdp (1654 = degreeC

Processes E,I:EI'I ;j : IDF'a AH |oo011g kaskg DA

- H [55438  kl/kgDA
pt1 of process 1 SV |ogeog m3/kg DA
pt2 of process 1 : Hfa |[2a405  kd/kg

Process 2: cooling w/ condensation ' DOS |59.23 %
pt 1 of process 2 ' Pws 3169 kPa
Pw (1902  kPa

deqree Tdb |25 degree C

[

Process 1: sensible cooling

pt 2 of process 2
Process 3: VPD of air

VPD of leaf@ Tleaf > Tair _' Message

VPD of leaf@ Tleaf < Tair ‘ i Relative Humidity
Process 4: Evaporative cooling Range: 0% <> 100 %

Drying of agri. products

Crosshair Lines & Curves

Misc.
v LCentralize
v Unit label




Chart description
Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines
Processes
Process 1: sensible cooling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling
Drying of agri. products

_eﬂ Digital Psychrometric Chart

Set Tables About Exit

Units 101

&H : kaofkg DA
H :kl/kaDa
SV :m3/kg DA
Hfa : kl/kg
Dos: %

Pw : kPa

g 5E2

/6.281
/218
K3 252

B1385

11646
17061

10542

1 P

0.001
b.065

JL.

4.502

99690
91585

[3.939

25.6

13.376

__ConstantPw lines

21.9

Constant-AH.lines

6087
57,404 \
076 =

Twb<"_

Lines of constant water content p2

Crosshair: Tdb:20.95 RH:63.42

]

State |F’roc:ess | Pad | VPD

Tdb |25 degree

RH |53.28 %

Twb 1833 ~ degeeC
Tdp |[1468 ~ degreeC
AH 00105  ka/kaDA
H |519739  kl/kaoDA
SV [0853  m3/kgDaA
Hfg 24405

DOS |52 47

Pws 3169

Pw |1.684

Meszage
Pressure of water vapor
FRange : 0 kPa <->» 3.1692 kPa
Based on curent Tdb.

Crosshair Lines & Curves

Step [pixels)

- p—

RN
v LCentralize
v Unit label




_aﬂ Digital Psychrometric Chart L]

Chart description Set Tables About Exit

R " a1 9e State | Process| Pad | VPD
Patm : 101.325 kPa a12 | | |

#
o e i

Psychrometric Chart (Normal T, 51) 1975 Units
Lines: Tdb/wh/dp, Pws, AHs lear p
' | UL / Tdb [25 degree C

constant wet bulb, enthalpy £2 9
constant RH AH : kaskg DA !

constant AH, Pw H :kl’kaDA S04 ) EH 5326 -4

constant SV lines M : “"3:"":-9 DA ~ _ Twb 1833 degree C
6 constant lines I Hig : H’ kg o OETs Tdp [1468 ~ degreeC

Dos
Processes

B » kP ).991, e AH [00105  ko/kaDA
w - KEFa y

Process 1: sensible cooling .o/b H ’W kd/kag DA
pt1 of process 1 0.8713 SV |nasg m3/kg DA
pt? of process 1 4 0.8673 Hfg |24405

Process 2: cooling w/ condensation S . DOS 52.47
pt 1 of process 2 0.65 - E:WS 3 1553
pt 2 of process 2 W |1.688

: . Constant SV lines
Process 3: VPD of air 0.8460
VPD of leaf@ Tleaf = Tair 08419

VPD of leaf@ Tleaf < Tair

Process 4: Evaporative cooling

Meszage
In addition to Patm,
you still need 2 properties to

Drrying of agri. products define a state.

Crosshair Lines & Curves

|

<11 1P 1
© T DiE

Step [pixels)
|
RN MISC
v LCentralize
v Unit label

Crosshair: Tdb:20.95 RH:63.42



Chart description
Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines
Processes
Process 1: sensible cooling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling
Drying of agri. products

_eﬂ Digital Psychrometric Chart

Set

Tables About

AH
H

Hfa

F‘ A

DOS: =

Uit atm : 101.325 kPa

. kadkg DA
kil kg DA
- m3lkg DA
' kd/ka

- kPa

ol 562
/6.281
0.8543 J20r8

T

0.8912

0.9016
116861
105132

]

LGl State | Process | Pad | VPD |

AH D.001
Tdb 25

RH |e0

Twb 19,:3:3
Tdp |16.54
&H [|,|]11'3

H |[55.438
SV |0.8e08
Hfg 244[!, 5

DOs 5323
Pws [3169
Pw  [1.902

0.8460 (3% .40
0.8419- 60:EF

380 A7 30
SL 076

Message

degree C

4

degree C
degree C
kalkg DA
kd/kag DA
m3/kg DA

Crosshair: Tdb:20.95 RH:63.42

In addition to Patm,
you still need 2 properties to
define a state.

Crosshair Lines & Curves

<<l <<«

Step [pixels)
- —-—
RN

v Centralize
[v Unit label




Chart description

Psychrometric Chart (Normal T, SI) 1975

Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines

Processes
Process 1: sensible cooling

pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling
Drying of agri. products

& |

'_«gf Digital Psychrometric Chart

Set Tables About Exit

Patm : 101.325 kPa

AH : ka/kg DA

H kJ/ka DA

SV - m3;
Hfg : kl/kg
DOS: %

| o ke

Crosshair: Tdb:20.95 RH:63.42

: F'l','..l
AH =D.001
0.9070 1
Sy T™E46
09016
11681

O X

State |Process| Pad | VPD |

Tdb [25 ~ degreeC

RH [e0 %

Twb [1938 ~ degreeC

Tdp [1654 ~ degeeC

AH [00119  ka/kgDA

H [55438  kl/kgDA

SV [08e08  m3/kgDA

Hfg [24405  kl/ka

DOS [5323 %

Pws [3169  kPa

Pw [1902  kPa
Message

In addition to Patm,
you still need 2 properties to
define a state

Crosshair Lines & Curves
ﬂ' A | “' v T
» & v AH
ol Aale | |7
B ol L ed v H
Step [pixels) 2 v SV

SRS AV Misc.
N v Centralize
{ =9
&*‘?‘ ‘e\) v Unit label




Chart description

Psychrometric Chart (Mormal T, SI) 1975

Lines: Tdb/wb/dp, Pws, AHs
constant welt bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
b constant lines

Processes
Process 1: sensible cooling

ptl of process 1

ptd of process 1
Process 2: cooling w/ condensation
pt 1 of process 2

pt 2 of process 2
Process 3: VPD of air

VPD of lealf@ Tleaf = Tair

VPD of leaf@ Tleaf < Tair
Process 4 Evaporative cooling
Dirying of agri. products

_aﬂ Digital Psychrometric Chart
Set Tables About Exit

T Patm :

}-ifg
DOS: %
Pw : kPa

Crosshair: Tdb:12.98 RH:59.86

o404
54076

5”,“ rin}

47806
44851
42809

e e
a2

Ptl -> pt2: Sensible Cooling
Pt2 -> ptl: Sensible heating

60871 o 0t

— l Pt

State Process |Pad | WPD |
State1 State 2 Diff.

Tdb |20 11.72 |-8.28
RH |50 84 . 134.23
Twb[13.79 |1052 [3.27
Tdp |915  |9.15 0
AH 100073 |0.0072 |-0.0001
H [33545 [29954 |-8591
SV [0.8402 |0.8164 [-0.0238
Hfg |24526 |247264 |20.04
DOS[49.42 |8405 [3463
Pws (2339 | -0.962
Pw (1169 | -0.01

lm |nactwe‘ [ LaI.]
Meszage

Diff.=

Properties of State 2 - State 1

Crosshair Lines & Curves
AP v T
' RH
& | | 7 aH
wml -~ |_ Pw
v H
Step [pixels] 2 [~ SV
= :
(U RO R Misc.

| LCentralize
v Unit label

J D




Chart description
Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines
Processes
Process 1: sensible cooling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling
Drying of agri. products

_eﬂ Digital Psychrometric Chart

Set Tables About Exit

s Patm : 101.326 kPa

&H : kaofkg DA
H :kl/kaDa
SV :m3/kg DA
Hfa : kl/kg
Dos: %

Pw : kPa

47806

50-878

24490

22:656

20590

Crosshair: Tdb:12.98 RH:59.86

]

State Process ‘F’ad vPD |
State1 State2  Diff.

Tdb[20 1172 628

RH |50 4. 34.23
Twb113.79 105 -3.27
Tdp 1915 .15 0

AH 100073 . -0.0001
H [38545 [29954 [-8591
SV 10.8402 164 |-0.0238
Hfg [24526 [247264 [20.04
DOS[4942 [2405 |[3463
Pws (2339 |1 -0.962
Pw [11869 1.11 0.01

Active Inactive | |

Meszage
In addition to Patm,
you still need 2 properties to
define a state.

Crosshair Lines & Curves

Step [pixels)

- p—

RN
. Centralize
v Unit label




Chart description
Psychrometric Chart (Normal T, 51) 1975
Lines: Tdb/wh/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant 5V lines
6 constant lines
Processes
Process 1: sensible coaling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf = Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling

Drying of agri. products

_eﬂ Digital Psychrometric Chart

Set Tables Abou

Urits

&H : kaofkg DA
H :kl/kaDa
SV :m3/kg DA
Hfa : kl/kg
Dos: %
Pw : kPa

24490
22656

20590

t Exit

Patm :101.325 kPa

54076
50-878
47806

Crosshair: Tdb:12.98 ,RH:59.86 |Plot family curves of selected Properties.

]

State Process ‘F’ad vPD |
State1 State2  Diff.

Tdb | 11.72 |828

RH |50  [84.23 |

Twb[1275 1052 [327
Tdp (315 315 |0

AH 0.0072 |-0.0001

H 545 [29.954 |-8591

SV [08402 J0.8164 |-0.0238
Hfg |24526 |2472.64 |20.04

DOS|4942 [84.05 |34.63

Pws[2339 [1.377 |-0.962

F'W Id-iITW

Inactive | Active |CLALS

Meszage
In addition to Patm,
you still need 2 properties to
define a state.

Crosshair Lines & Curves

Step [pixels)

- p—

RN
. Centralize
v Unit label




Chart description
Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines
Processes
Process 1: sensible cooling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling
Drying of agri. products

_eﬂ Digital Psychrometric Chart

Set Tables About Exit

&H : kaofkg DA
H :kl/kaDa
SV :m3/kg DA
Hfa : kl/kg
Dos: %

Pw : kPa

24490

22:656

LJr.'uit:s:. Patm - 101 .325

54076

50-878

47806

=]
State 1

20590

G650

~~5State 2

Crosshair: Tdb:12.98 RH:59.86

]

State Process ‘F’ad vPD |
State1 State2  Diff.

Tdb |20 5  |1B15

RH [so0  [ioo [s0
Tdp[a15  [oo5 |53
AH (00073 5 |-0.0023
SV |0.8402 11 |-0.0432
Hfg |24526 |249168 [39.08
D0S[4942 (100 |5058
Pws |2 339 A 153
Pw [11869 F 0.36

Active Inactive| Cal
Message
Diff.=

Properties of State 2 - State 1

Crosshair Lines & Curves

Step [pixels)

- p—

RN
. Centralize
v Unit label




Chart description
Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines
Processes
Process 1: sensible cooling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling
Drying of agri. products

_eﬂ Digital Psychrometric Chart

Set Tables About Exit

Ur_'fi_trs:_“__ Patm ;101

&H : kaofkg DA
H :kl/kaDa
SV :m3/kg DA
Hfa : kl/kg
Dos: %

Pw : kPa

24490

22:656

32b kPa

54076

50-878

47806

=]
State 1

20590

jLatent heat removed: h1

State 2

Crosshair: Tdb:12.82 RH:50.28

]

State Process ‘F’ad vPD |
State1 State2  Diff.

L P PR

RH |[s0  |3442 |1558
Tdp (375 [365 |53
AH [ooo73 [ooos  |-0.0023
H |38545 [32756 |-5.789
SV [0.8402 1 |-0.0031
Hfg 24526 [24526 |0
DOS[4342 [3389 1553
Pws|2339 [2339 |00

Active Inactive| Cal
Message
Diff.=

Properties of State 2 - State 1

Crosshair Lines & Curves

Step [pixels)

- p—

RN
. Centralize
v Unit label




Chart description
Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines
Processes
Process 1: sensible cooling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling
Drying of agri. products

_eﬂ Digital Psychrometric Chart

Set Tables About Exit

s Patm : 101.326 kPa

&H : kaofkg DA 54076
H :kl/kaDa
SV :m3/kg DA
Hfg : kl/ka 47-806
Dos: %

Pw : kPa

50-878

24490

22:656

20590

G50

F

~~5State 1

sensible heat removed: h,-h,

State 2

Crosshair: Tdb:12.82 RH:50.28

]

State Process ‘F’ad vPD |
State1 State2  Diff.

Tdb [3.85 _ 16.15

RH 100 |34.4 -65.58
Twb {385 11.55 |7.7
Tdp |3.85 5 0

AH 10.005 3 0

H [16.364 [32756 |16.392
SV 10791 1 |0.0461
DOS{100 i |-BB.11
Pws (0805 |: i |1.534
Pw |0.805 3 0

Active Inactive| Cal
Message
Diff.=

-

Properties of State 2 - State 1

Crosshair Lines & Curves

Step [pixels)

- p—

RN
. Centralize
v Unit label




_aﬂ Digital Psychrometric Chart L]

Chart description Set Tables About Exit

I

Psychrometric Chart (Normal T, SI) 1975 Units Patm - 101 325 kPa Al State Process ‘F’ad  VPD |
. 11 3256

Lines: Tdb/wb/dp, Pws, AHs State1  State 2 Diff.

constant wet bulb, enthalpy : Tdb 20 = 0
e AH : kglkg DA 70 oo a0
constan A g/kg LUAa RH {70 1 30

N H :kl/kaDA
constant AH, Pw = r|'|3.-"lr._|:||:| nA 3.3 Twb[16.45 | 355

Hig : kl/kg Tdp 1421 | 5.79
DOS: % AH |00102 |00147 |0.0045
Pw : kPa H [46036 |57405 11369
SV Jo.e441 [08501 |0.006
Hfg [24526 24526 0
DOS|ga s |1 30.49
Pws |2 339 : : 1]

Pw |1637 0.7

Active Inactive Cal

Meszage

constant SV lines

6 constant lines

e

Processes

Process 1: sensible cooling

pt1 of process 1
pt2 of process 1

Process 2: cooling w/ condensation

t1of cess 2
pt 1 of process ~

pt 2 of process 2 Clate?
Process 3: VPD of air -- e

VPD of leaf@ Tleaf > Tair o
VPD of leaf@® Tleaf < Tair #\/PD of air

Process 4: Evaporative cooling

—
M2
L

= kK~ T

an
L
oo

Diff.=

Properties of State 2 - State 1

: : o
Drying of agri. products - ‘State 1

Crosshair Lines & Curves

Step [pixels)
o fr——

| LCentralize
v Unit label

- S =




_aﬂ Digital Psychrometric Chart L]

Chart description Set Tables About Exit

Psychrometric Chart (Normal T, SI) 1975 Units Patrm - 101 325 kPa State | Process ‘ Pad VPD ‘
Lines: Tdb/wb/dp, Pws, AHs I ' Air Leaf  Tleaf-Tair
constant wet bulb, enthalpy B Tdb TIT F

constant RH AH : kaskg DA

const: H :kl/kgDa RH |70 100

constant AH, Pw = n-,j:,-'};__c.lj e 2 Twh WW

Hfg - kJ/kg Tdp 1421 [215

DOS: % AH (00102 |0.0762

Pw : kPa H |46.036 |6266

SV 08441 |0.8564

Hfg |24526 |2448.97
DOS|E9.51 100

Pws (2339 [2565 VPD
Pw |1637 |2565 0.928

Draw

constant SV lines

6 constant lines

e

Processes

Process 1: sensible cooling

pt1 of process 1
pt2 of process 1

Process 2: cooling w/ condensation o

pt 1 of process 2 Leaf

pt 2 of process 2 : . . :
Process 3: VPD of air = e VPD at T|eaf S Tair

M

VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair

Process 4: Evaporative cooling

Meszage
YPD[apor Pressure Deficit)
The vertical distance between
two horizontal lines.

K.
I

|

|

|

-
2}
r’_.
I

|

|

|

|

r"rl
|F'_.
|

|

|

|
fl.

o,

Drying of agri. products

Crosshair Lines & Curves

=
St

Step [pixels)
o fr——

| LCentralize
v Unit label

e S Sy =
o0 )
o
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_aﬂ Digital Psychrometric Chart L]

Chart description Set Tables About Exit

o e i

Psychrometric Chart (Normal T, SI) 1975 Units P'E{T['ﬂ . 1(5'1 AOF k\Pa State | F'roc:ess\ Pad VPD ‘

Lines: Tdb/wb/dp, Pws, AHs T - i _ Air Leaf  Tleaf-Tair
constant wet bulb, enthalpy | e Tdb TW IF
ot “kalka DA
TN oy o [T

' , G\ - r|'|3.-"i:._g DA 3.3, Twb|16.45 195

Tdp 1421|195

AH 100102 [0.0142

H 46036 |55.724

Hig |24526 |2453.81

DOS|g951 (100

Pws 2.339 2.267 VFD

Pw |1637 |2.267 0.63

constant SV lines

6 constant lines Hr_g :kj-“k'g
DOS: %

Pw : kPa

e

Processes

Process 1: sensible cooling

pt1 of process 1
pt2 of process 1

Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2 .
Process 3: VPD of air ' } r e i ' T
VPD of leaf@ Tleaf > Tair
| < 1
VPD of leaf@ Tleaf < Tair | | VPD at Tleaf Tal

Process 4: Evaporative cooling

Meszage

YPD[apor Pressure Deficit)
. The vertical distance between
Drying of agri. products : A ' ' bwo harizontal lines.

o,

K.
I
|
|
|
l-
2}
r’_.
|
|
|
|
I ]
i,L.
|
|
|
|
fl.
1

Crosshair Lines & Curves

Step [pixels)

- p—

RN
. Centralize
v Unit label




4 Digital Psychrometric Chart — ] X

Chart description Set Tables About Exit

s | Patm - 101 325 kPa

Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy

State | Process Pad |‘JF‘D l
Dutdoor AfterPad Eff.
Tdb [35 2818 |75

constant RH aH : kg/kg DA . o 0
constant AH, Pw ,- |—|  k [m: Air at 35 C, 50% RH (State A) _ ?EbISD 1 Igd_?q
6 constant li s . ' '
= of 75% ), air is evaporatively cooled to 28.18 °C; AH [0.M78_[0.0205
= H |80.766 |80.766
Process 1: sensible cooling R — 84.74%RH (State B)- . SV Iuegrg ID,BBT_EI

pt1 of process 1

Hfg [24163 (24328
DOS[4857 |0.84

pt2 of process 1

Process 2: cooling w/ condensation Heated air at state A, passing through layers of Pws [5628  |3.822

pt 1 of process 2 E . o c ; A

ot 2 of process 2 grain, exit air at stateB. . Pw J2g14 3239
Process 3: VPD of air ) '

VPD of leaf@ Tleaf > Tair Message

VPD of leaf@ Tleaf < Tair Either AfterPad or EF.

Process 4: Evaporative cooling can be the unknown

Drying of agri. products

Crosshair Lines & Curves
x| .o m v T
v FH
D& D | aH
[ L] . |— PW
[ H

Step (pixels] 2 [ SV

LU . Misc.

: + | Centralize
Wl S | W Unitlabel




Chart description
Psychrometric Chart (Normal T, SI) 1975
Lines: Tdb/wb/dp, Pws, AHs
constant wet bulb, enthalpy
constant RH
constant AH, Pw
constant SV lines
6 constant lines
Processes
Process 1: sensible cooling
pt1 of process 1
pt2 of process 1
Process 2: cooling w/ condensation
pt 1 of process 2
pt 2 of process 2
Process 3: VPD of air
VPD of leaf@ Tleaf > Tair
VPD of leaf@ Tleaf < Tair
Process 4: Evaporative cooling

Drying of agri. products

- kadkg DA
- kd kg DA
- ma3dkg DA
- kJ/ka

- kPa

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

=ML 5batic coolingil .
N - D“* _
'




4 Software for the learning of psychrometrics =

Chart description Known 1 property; 2 properties 3 properties Process More.. Misc.

Three types (Pws/AHs/VDs) of Y on psy.chart
From Tdb to hfg (2 eqs.)
From Pws to Tdb

Wei FANG, Ph.D., Professor ~ # \7/ /
/i B

i
Dept. of Biomechatronics Engineer;gg
National Taiwan University ¢ =

Digital |

4 0030

Email: weifang@ntu.edu.tw

Ury Sulb Tesrperatare ("C)

Huedty Aatio (gm \Water { g al Dry Air)




psychart_basic - PowerPoint

4| Figure 3: (Saturated) Vapor Pressure: High temperature range

ASHRAE equation
———— Simplified eqguation

= 4
==
ﬁarD m 120 T ' ' - ' - . . 600
. = ASHRAE eguation
1 ) 100 | Simplified equation
=
@ 80!
25 5 500
5 60 - 1
= 40 L . m
S 7 & 400 |
26 R _— ' -
& q I ———."____F_J - : - L E
400 -90 80 70 60 50 40 30 -20 -0 O o
~ (=1
Two Pws equations derived almost identical results from -100 to 200 °C.
27 . : )
o 15 . . ——Exists minor difference when Tdb > 150 °C.
% — ASHRAE equation m
g - — — — Simplified equation / % 200 -
a w
@ 10 - , 1
28 g ,,/"/
E .| o | 100
29 E -
=
® 0 ! ! : ! ! 0
0 5 10 15 20 29 30 35 40 45 S0 50

Dry bulb temperature, °C
BEE 20720 (7 0L (B

H P LW AFHRIES

100 150
Dry bulb temperature, °C

=fmcin WER TE =

200

X Bl
T
+ 63% =4




Pws- The water vapor saturation partial pressure can be determined (in ) Irom
the following for temperatures, T, in Kelvin:

.. 2 3 4
ln(pws) = Al /] T+ AZ + A3T + A4T + AST + A6T 4 A;.ln(T). (2-1) -

In the dry-bulb temperature.rang_e from -100 to 0 C, water vapor saturation of
air is over ice and the coefficients of Equation 2-1 have the following values:

Al = 56745359 E + 03
Ay = 63925247 E + 00
A3 = 9.677843 E - 03
Az = 0.6221570 E - 06
As = 20747825 E - 09
Ag = 09484024 E - 12
A7 = 41635019 E + 00 |

Over water, in the temperature range from 0 to 200 C, coefficients to calculate
water vapor saturation partial pressure are:

A1 = -5.8002206 E + 03

Ay = 13914993 E + 00 > (T) = 0.61121 exp

A3 = -48.640239 E - 03 WS = = U. exp * 0
S Z 41764768 E - 06 ) ...for T>0°C
As = -14452093 E - 09

A7 = 65459673 E + 00

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



- ' -

Known 1 property 2 properties 3 properties Prc P . P kP
From Tdb to Pws (2 eqs) W5 1n aor d

Three types (Pws/AHs/VDs) of Y on psy.chart ] AHS in g or kg Va por/kg dry air

From Tdb to hfg (2 eqs.) A . 3 .
T VDsin gorkg vapor/m? dry air

e 7 il |

4 Figure 2 Saburated Yapar Pre] T FMigure 3 Saturated Humidity Ratial % Mgure 4 Saturated Vapor Density, in g/m*3 - e
14 T 0.1 ' ; - =14
| .J
5|
) & 0.09 = 80 - o
ol 5 > =
=) L ™ 7
g 2008 o 70
2 o0 E E o
] 0.07 =
g % g 60 e
@ 2 e =
% gl =0 0.06 o so | o 3
=2 =] P o
g ™ .05 @ e
& = T 40 - o
= b = - o
- = (10 ; - C
& = g e
o E o 4l - gt
= £ 0.03 = e
FE. o E _TTTL.L
& o
® 0.02 z 20 et
2t = = (ER
® 2 10 a3
_ et 0t L i AT
=== = ? oo .'i\‘."ll',m 5 ’g}'*‘g“é’&&&; —fj—'LrL
n l:l 1 i | |:| 1 1 1 i 1
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Dry bulb temperature, °C



AH =0.62198 P, / P,
=0.62198 P,/ (P-P,)
AH, =0.62198 P, /(P -P

ws)

DOS = AH/AH, RH =P, /P,

AHD = AH, - AH VPD = PW,, - P

v = (1/P) R, T (1+1.6078 AH) / (1+AH)

VD, = AH, / v
VD =AH /v
DOS = VD/VD,

BRI R pF AR |l -
Ra = 287.055 J/kg.K



L FRA Pa 101.325 kPa hfg=2501-2.42t 2452.6 kl/kg

TR R T 20 deg.C h=1.006t + AH (2501 + 1.805 t) 38.541 kl/kg

PR R RH 50 % tdp=-35.957-1.8726*Ln(Pw)+1.1689*(La®Pw))*2  9.144 deg.C

ek AR Pws 2.3383 kPa FHFEK  Ra 287.055 J/kg.K

FAR Pw 1.1692 kPa 1169.17 Pa S SV 0.834 m3/kgDA

EARAL VPD 1.1692 kPa

e {r 3 $1% B AHs 0.0147 kg/kgDA  14.7 g/kgDA | |4 v %% % & VDs 17.615 g/m3

BHER AH 0.0073 kg/kgDA 7.3 g/kgDA | |[Fx 2R VD 8.704 g/m3

£ £ AHD 0.0074 kg/kgDA 7.4 g/kgDA

e B DOS 0.4942 DOS 0.4947

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 Pin Pa, T in K il kb

AHs =0.62198 * Pws / (Pa - Pws) VD: vapor density Patm 101.325

AH =0.62198 * Pw / (Pa - Pw) VDs= AHs / SV Tdb 20 20

AHDa = AHs - AH =0.62198 * [Pws / (Pa - Pws) - Pw / (Pa - Pw)] VD= AH/SV Twb 13.7868

RH = Pw / Pws Tdp 0 1468

DOS = AH / AHs DOS=VD / VDs RH -
DOS 49.4162
Pws 2.3388
Pw 1.1694
AH 0.0072621

h 38.5448

SV 0.83414
hfg 24526

kPa
deg.C
deg.C
deg.C
%
%
kPa
kPa
ka/kg
kJ/kg

m*3/kg

kJ/kg

O X

10<=Tdb<=50
Twb<=Tdb
Tdp<=Twb

0<=RH<=100

0<Pw<2.3388
0<AH<0.014696

Save Result
Close Figure

Close




For conditions of frost between - 60 C and 0 C, the dew point in Celsius is

2
t,=- 60.45 + 7.03221n(p,,) + 0.3700(1n(p,,)) .

For temperatures between 0 and 70 C
o,
t,=-35.957 - 1.87261n (p,,) + 1.1689 (In(p,,)) .

k= ( ofol+
where p,, has units of pascals. E‘?P\ ‘&,( , T

h=1.0061t+AH (2501 + 1.805 t)
where tin °C, AH in kg/kg, h in kl/kg

he, = 2501 — 2.42 t

where tin°C (0~ 65 °C only)

Patm
Tdb
Twb

! TdE I
RH

DOS

20

4 Edit: Tdb only

101.325
20

13.7868
9.1468

50
49.4162

2.3388

1.1694

0.0072621
38.5448

0.83414
24526

kPa
deg.C
deg.C
deg.C
%
%
kPa
kPa
kg/kg
kJ/kg
m"*3/kg
kJ/kg

O X

10<=Tdb<=50
Twb<=Tdb
Tdp<=Twb

0<=RH<=100

0<Pw<2.3388
0<AH<0.014696

Save Result
Close Figure

Close




4\ Figure 2: Heat of vaporization —

Known 1 property 2 properties 3 properties Pr 2600

From Tdb to Pws (2 eqs) ~——— Eq. 1: Simplied

Three types (Pws/AHs/VDs) of Y on psy.chart | 2500 ] Eq. 2: ASHRAE |
From Tdb to hfg (2 eqs.) |

From Pws to Tdb
2700 |

2600 |

Almost the same
when Tdb >0 °C

2500 F

Heat of vaporization (hfg}, in kd/kg

2400 |

2300

Thig program deals with the usage of the psychrometric subrd -10 0 10 20 30 40 50 60
focusing on difference of two Tdb --> hfg equations Dry bulb temperature, deg.C
Given Tdb to derive hfg uzing various equations.......
Tdh = -10 -5 0 10 20 30 40 50 60 70 80 a0 100 deg.C
hfg (0~65 deg.C) = 2525 2513|2501 2477 2453 2428 2404 2380 2356 2332 2307 2283 2259 kl/ke
hfg (-18~200 deg.C) = 2838 2837 |2503 2479 2455 2431 2407 2383 2350 4334 2310 2285 2259 kl/kg

Press 'enter' to continue



Known 1 property 2 properties 3 properties Pr

From Tdb to Pws (2 eqs)

Three types (Pws/AHs/VDs) of Y on psy.chart
From Tdb to hfg (2 eqgs.)

From Pws to Tdb

b =]

This program deals with the usage of the psychrometric subroutines: psyv.m

focusing on equations to derive Pws from Tdb (Tdb --» Pws) and vice versa (Pws --> Tdb)

Tdb = -10.00 0,00 1.00 10,00 20.00 30.00 40,00 50.00 60.00 S0.00 100,00 deg.C
Pus_1 = 0.27 0.62 0.66 1.23 2.34 425 T7.38 12.35 19.94 47.4]1 101.42 kPa
Pus 2 = 0.29 0.61 0.66 1.23 2.34 424 7.37 12.33 19.93 47.51 102.1% kPa

Given Pws_1 to derived Tdb_1
Tdb.1 = -9.95 0.42 1.10 10.01 20.01 30.02 40.03 50.03 60.03 80.03 100,03 deg.C
error of Tdb.1 = 0.05 0,42 0.10 0,01 0.01 0,02 0.02 0.03 0.03 0,03 0,02 deg.C
Given Pws 2 to derived Tdb 2
Tdb 2 = -9.17 0.12 1.10 10.01 20.00 30.01 40.00 50.00 60.01 80.08 100.24 deg.C
error of Tdb_.2 = 0.83 0.12 0.10 0.01 0.00 001 0.00 0.00 0.0 0.08 0.24 deg.C




‘& Figure 2: Saturated vapor pressure curves: Pws=f(Tdb)

120
ASHRAE
— — — — Simplified
100 /
% 80 | -
= Pws, = f,(Tdb) |
j{;; 40 - /
? /
20 f/’/
0 . B ) | |
-20 0 20 40 60 80 100

Dry bulb temprature, deg.C

One equation (f;) derived

same result (Tdb> 0 °C) when

input varied (Pws, Pws,)

Two equations (f,, f,)

derived same result (Pws,=
Pws,) when Tdb > 0 °C

" Figure 3: From Tdb to derive Pws: Pws=f{Tdb) and from Pws to derive Tdb: Tdb=f(Pws} —

Predicted dry bulb temp.

120

ASHRAE
100 - |— — — — Simplified

— ed
80 7
db, = f
| Tdb, s(Pws,) -
,f’ff
.-f'f.’j
40 _ﬁ,f’"
20 - .
-20 : : : :
-20 0 20 40 60 80 100

Dry bulb temprature, deg.C




L

(i a

2 properties 3 properties Process More.

Tdb & rh/dos -> Pw/AH/VD vs. Tdb

psyl (Tdb + 50% rh)
psy10 (10 pairs)
psy20 (20 pairs)
psy25 (25 pairs)
psy Tables (Tdb, RH)

' | -l
¢ i

—_—
.,
e,

4 Figure 2: Vapor Pressure

14

12

10

Vapor pressure, kPa

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

dos = VD/VDs*100

rh=100%
rh= 80%
rh= 60%
rh= 40%
Pw vs. Tdb
0 10 15 20 25

D il farmmaratnie

1
4 Figure 3: Humidity Ratio, in kg vapor/kg dry air

0.1
dos=100%
0.09 dos= 80%
dos= 60%
0.08 dos= 40%
0.07

=
o
o))

AH vs. Tdb

Humidity ratio, kg/kg
o o
= =
I ]

4 Figure 4: Vapor Density, in g/m”3

100%

60%

80%

40%

90
dos=100%
80 | dos= 80%
dos= 60%
= OD
70 b dos= 40%
“g 60
"-C-.i)
=
e VD Tdb
2 VS.
E 40
o
&
> 30 e
///
-
20 /
10
U - 1 1 1
0 5 10 15 20 25

Drv bulb temperature °C

50



2 properties 3 properties Process Mor
Tdb & rh/dos -> Pw/AH/VD vs. Tdb
psyl (Tdb + 50% rh)
psy10 (10 pairs)

-

psy20 (20 pairs)
psy25 (25 pairs)
psy Tables (de RH)

rm

é’?‘i = _r .-' .,-"l ™ - | -"r _.{'.l
4] Digital Psychrometric Chart: STATEs figed at 50% RH - [ 4
Pay Chart Default File Help -
Pw kPa
100% — 85032
-
B — T G746
o
=
=
E
£ 0nes - B0% —5.7558
E” }
S SV=p.8823 RH=50%+4.7366
= o -
g T T 40% 38373
o szt O\ o
0.0178 FTdp=22.81 ' TPw=28138—
20% 1 9186
! Tdb=35— !
25 30 35 40 45

Dry bulb temperature, °C

4 Edit: Tdb only — u % | 4\ Edit: Tdb only — u X
Patm kPa Patm 101.325 kPa
Tdb 30 deg.C 10==Tdb<=50 Tdb 20 20 deg.C 10==Tdb==50
Twb deg.C Twb==Tdb Twb 13.7868 deg.C Twb==Tdb
Tdp deg.C Tdp<=Twb Tdp 9.1468 deg.C Tdp<=Twb
RH % 0<=RH<=100 RH 50 % 0<=RH<=100
DOS % DOS 49.4162 %
Pws kPa Pws 2.3388 kPa
Pw kPa Pw 11604 kPa 0=Pw=<2.3388
AH kg/kg AH 0 0072621 ka/kg 0<AH<0.014696
h kd/kg Save Result h 38.5448 kJ/kg Save Result
S5V m*3/kg Close Figure S5V 0.863414 m"3/kg Close Figure
hfg kJ/kg Close hfg 24526 kJ/kg Close
T Edit: Tdb only _ H W & Tigital Psyrhrometric Chart: STATFs fived at 50% RH m| W
Fey Charl Delaull File  Help E]
Patm 101.325 kPa Edit I
Tdb | 35 35 degC  10<=Tdb=<=50 e i
Twb 25 9086 deg.C Twb==Tdb )
Tdp 229051 | degC Tdp<=Twb " s0%»3 3068
RH 50 % 0<=RH<=100 g
DOS 48.5718 % ?-;E“Mw | 60%-+2 5476
Pws 5.6278 kPa > py0.aset RH=50%2.123
Pw 28139 kPa 0<Pw<5 6278 ‘!§ e oo
AH 0017766 | kakg  0<AH<0.036578 " 00073 |eTinotar pur=1.1694
h 80 7664 kJ/kg e -l |
SV 088226  m*3/kg Close Figure | . |
hfg 2416.3 kJikg Close 10 15 20 25 30

Dry bulb temparatura, °C




4 Digital Psychrometric Chart: STATEs

Psy Chart Default File Help
Ctrl+E

Edit
List saved results

Close

, kg/kg

10

0.0272

Humidity rat

=

fixed at 50% RH — [ X

***********X**[Calculated ResultS]*****X*********

Fatm

Tdb

Twh

Tdp

EH

D05

Fus

Fu

AH

=Y

hfg

101.325 kPa
35.00  deg.C
25.91  deg.C
22.91  deg.C
50.00 %
18.57 %
5.628  kPa
2.814  kPa

0.01768 keglkg
&0.77  kl/kg
0.852 m"3/kg

2416.30 kl/kg

(2SS S S S SESSESSSE S EEL LS LSS ESSELEELESSESSEESES ST
Sl

L I-\i'lllrful el el N \i’,

—

psy.dat

Psyresult.dat

‘k
Patm 101.325 kPa
Tdo — [
- 4. Save Results ... — X
Tdp
rRH W Save calculated values into result file? l
o Yes No
Pws3
Pw 28139 kPa 0=Pw=5.6278
AH 0017766 ko/kg 0=AH=0.036578
h 80 7664 kd/kg Save Result
SV 0.88226 m"3/kg Close Figure
hfg 2416.3 kJ/kg

Close



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

T'.,.'-,rb R H

AH

SV

PW’S

-
o’

-
=

Tdb

P

P

P

P

P

— | |w |

L I I I i I e o I B

V| O|O|O|— |0 | I

L B B I o I B o I o Y |

v ||| |O|O|O|—

v | O |O|O9|—|—|TO]|O|T©




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

Twb RH Tap AH SV Pws

-
(T

Pw

DOS

p

P

—|w|wo|w©

| |0 | O | O

w|w|O|wOW|—|O|I

v|w|ow|O|O|O|—

—|9|O|O|O|O|O|—

v |ow|O|O|—|—|TV|TO|O

Y| 9| ||| OV |O|— |0 | O




2 properties 3 properties Process More
Tdb & rh/dos -> Pw/AH/VD vs. Tdb

" psy10 (10 pairs)
psy20 (20 pairs)
psy25 (25 pairs)

>

. psy Tables (Tdb, RH)

Digital Psvchrometric Chart
ver. 2.0

Options: (1) Tdb, rh (2 Tdb, Twb (33 Tdb, Tdp (43 Tdb, Pw (5) Tdb, ah
(6) Pws, rh (7)) Pws, Twb (&) Pws, Tdp (9) Pws, Pw (10) Pws, ah

press Bnter to quit, input 1:10 to choosze 1

enter atmospheric pressure (Patm) in kPa (press 'enter' for default)
Patm (in kPa) = 101.325

enter dry bulb temperature (Tdb) in deg. C (press 'enter' for default)
Tdb (deg. C) = 35.000

enter Rel. humidity (from O to 100%, press 'enter' for detail) =

Rel. humidity (from O to 100%) = 50.000

f(Tdb, rh)

Humidity ratio, kg vapor'kg dry air

=
=]
%]
=&
(%]

0.0178

0.0386

Patm
Tdb
Twb
Tdp
RH
DOS

hfg

= Tdp=2291

104.325 kPa

deg.C

259086 deg.C
22,9051 deg.C

9%

48.5718 oo
5.6278 kPa

28138 kPa
0.017766  kaka
00019531  kdkg

0.88226  m kg
2416.3 kJikg

. woen 10 pairs of input parameters

Pw, kPa
95932

ir.Grde

.7 998

i 7966

B3T3

28139

1.9186

24

C T
= o=

28 30 32 34 35 38

Dry bulb temperature, °C




4\ MATLAB R2020b - academic use

HOME
€% Hald

PLOTS APPS

0 X

AR =NONC)

Search Documentation

T

» C: » Users » weifang » Desktop » working » psymenu »

-

Digital Paychrometric Chart
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COptiong: (1) Tdh, rh
(6) Pwg, rh

(2% Tdb, Twb
{7y Pwg, Twh

{3y Tdb, Tdp
(2) Pws, Tdp

{4y Tdb, Pw (5) Tdh, ah
() Pws, Pw (10) Pws, ah

press Enter to quit, input 1:10 to choosze 2

enter atmospheric pressure (Patm) in kPa (press 'enter' for default)

FPatm (in kPay = 101.325

enter dry bulb temperature (Tdb) in deg. C (press 'enter' for default)

Tdb (deg. C) = 35.000

enter Wet bulb T (from 12.70 to 35.00 deg.C, presz 'enter' for default) =

Wet bulb T (from 12.70 to 35.00 deg.C) = 30,000

f(Tdb, Twb)

«|Paused: Press any key

4 Figure 2: Digital Psychrometric Chart: given 2 values to derive others — X
T T T PW, kPa
Patm 101.325 kPa 100%-+9.5932
Tdb 35 deg.C
Twb 30 deg.C
Tdp  28.7356 deg.C
RH 70.324 %%
oF 0,
_ DOS  69.1177 %% 80% 17 6746
= Pws 56278 kPa e -
> Pw  3.9577 kPa - rd
'; AH 0.025282 kg/kg e ~RH=70.32%+6.7463
% h 0.0040283 kJikg rd
a sv 0.88608 mkg pe .
$00366 hfg 24163 kJ{kgf]" 60%-25.7559
o X SV={.8861
= 00272 __—w=Fwh=3000 -
._E‘o.ozs&—‘rdmza.n — 40% 38875
E - - T—
=
T ik
______-———-—“"___________ __20%=41.9186
' Tdb=35= '
30 40 45

Dry bulb temperature, °C
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Digital Paychrometric Chart
ver. 2.0

COptiong: (1) Tdh, rh
(6) Pwg, rh

(2% Tdb, Twb
{7y Pwg, Twh

{3y Tdb, Tdp
(2) Pws, Tdp

{4y Tdb, Pw (5) Tdh, ah
() Pws, Pw (10) Pws, ah

press Enter to quit, input 1:10 to choosze 3

enter atmospheric pressure (Patm) in kPa (press 'enter' for default)

FPatm (in kPay = 101.325

enter dry bulb temperature (Tdb) in deg. C (press 'enter' for default)
Tdb (deg. C) = 35.000

enter Dew pt. T (from -34.49 to 35.00 deg.C, press 'enter' for default) =
Dew pt. T (from -34.49 to 35.00 deg.C) = 25,000

f(Tdb, Tdp)

«|Paused: Press any key

, kg vaporfkg dry air

ity ratio

4 Figure 2: Digital Psychrometric Chart: given 2 values to derive others — X
T T T PW, kPa
Patm  101.325 kPa 100%—+9.5932
Tdb 35 deg.C
Twb  27.2603 deg.C
Tdp 25 deg.C
RH 56.3134 %%
of 0,
DOS  54.9029 /o % 80% —17.6746
Pws 56278 kPa ,/
Pw 3.1692 kPa /////// ,///
-
AH 0.020082  kg/kg P ~
h 0.0039063 kJkg pd
sv 0.88344 m3/kg e -
0.0366[  hfg 2416.3 kJikg T 60% —5.7559
- RH=56.31%45.4023
40%—43.8373
0.0231 ]
0.0201 T -3.1692

Humid

 20%—{1.9186

25

Tub=35=

Dry bulb temperature, °C

40

45
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Digital Paychrometric Chart
ver. 2.0

COptiong: (1) Tdh, rh
(6) Pwg, rh

(2% Tdb, Twb
{7y Pwg, Twh

{3y Tdb, Tdp
(2) Pws, Tdp

{4y Tdb, Pw (5) Tdh, ah
() Pws, Pw (10) Pws, ah

press Enter to quit, input 1:10 to choosze 4

enter atmospheric pressure (Patm) in kPa (press 'enter' for default)

FPatm (in kPay = 101.325

enter dry bulb temperature (Tdb) in deg. C (press 'enter' for default)

Tdb (deg. C) = 35.000

enter ¥apor pressure (from 0.0006 to 5.6278 kPa, presz 'enter' for default)
Vapar pressure (from 0.0006 to 5.6278 kPay = 2.814

f(Tdb, Pw)

«|Paused: Press any key

4 Figure 2: Digital Psychrometric Chart: given 2 values to derive others

Pw, kPa
9.56932

7.6746

60% —5.7559

40%-43.8373

-12.8139

1.9186

T T T T T T T T T . 7
Patm 101325  kPa
Tdb 35 deg.C
Twb 259086  deg.C
Tdp 229051  deg.C
RH 50 %%
DOS 485718 %%
= Pws 56278 kPa
> Pw 28139 kPa
> AH 0017766  kglkg
= h 0.0024414 kJikg
§ sv 088226  mkg P
$00366- nfg 24163 kJikg /, P
2
g RH=50%,+4.7966
E -
> -
= - > 4
Eo0212F  =Fwh=25 91— e
* 0.0178 ﬁT’&I::zz_ 91 —
|  20%—
] 1 1 | | | | |

-+ o 1
Tdb=35—=

24 26 28 30 32 34 36 38
Dry bulb temperature, °C

40

42 a4
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4 Figure 2: Digital Psychrometric Chart: given 2 values to derive others — X
Digital Paychrometric Chart
ver. 2.0
T T T T T T T T T T T PW, kPa
Options: (1) Tdb, rh (2) Tdb, Twb (3) Tdb, Tdp (4) Tdb, Pw (5) Tdb, ah -T:Lm ;:1-325 *;F'ac P
eg.
(6) Pwg, rh (7 Pws, Twb (8) Pwg, Tdp (9) Pws, Pw (10} Pws, ah Twb  26.206 deg.C
Tdp 233778  deg.C
RH 51.4329 %%
press Enter to quit, input 1:10 to choose 5 DOS  50.0047 Yo 7.6746
= Pws 56278 kPa
sl Pw 2.8946 kPa
enter atmospheric pressure (Patm) in kPa (press 'enter' for default) '; AH 0.018291  kgkg
Patm (in kPa) = 101.325 = h 0.0037842 kJ/kg
] 3
enter dry bulb temperature (Tdb) in deg. C (press 'enter' for default =3 sV p.88252 m~/kg - 1 0
v P (Tdb) £ (¥ ) $0.0366 hfg 2416.3 kJ/kg — - 60%>+5.7559
Tdb {deg. Cy = 35.000 2 - )
enter Abs. humidity (from 0.00000 to 0.03658 kg/kg, press 'enter' for default) = g RH=51.43%>+4.9341
Abs. humidity (from 0.00000 to 0.03658 keglkg) = 0.018 E j
fx | £ 40%-4{3.8373
£ 00216 eFwha2621 e
T 00183+Tdp=23.38 — _— 12.8946
L  20%—1.9186
f(Td b’ a h ) 1 1 1 1 1 Tu"u—35— 1 1 1 1
24 26 28 30 32 34 36 38 40 42 44

Dry bulb temperature, °C

«|Paused: Press any key
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Digital Paychrometric Chart
ver. 2.0

COptiong: (1) Tdh, rh
(6) Pwg, rh

(2% Tdb, Twb
{7y Pwg, Twh

{3y Tdb, Tdp
(2) Pws, Tdp

{4y Tdb, Pw (5) Tdh, ah
() Pws, Pw (10) Pws, ah

press Enter to quit, input 1:10 to choosze 6

enter atmospheric pressure (Patm) in kPa (press 'enter' for default)

FPatm (in kPay = 101.325

enter saturated vapor pressure (Pws) in g/kg D& (presz 'enter' for default)
Pwsg (g/kg DAY = 5.628

enter Bel. humidity (from O to 100%, press 'enter' for detail) =

Rel. humidity (from O to 100%) = 50.000

f(Pws, rh)

«|Paused: Press any key

T Figure 2: Digital Psychrometric Chart: given 2 values to derive others — X
T T T T T T T T T T T PW, kPa
Patm 101.325 kPa 9.5932
Tdb  35.0242 deg.C
Twb 259145 deg.C
Tdp  22.9051 deg.C
RH 50 %%
Qs a,
) DOS 485718 Yo% 6746
= Pws 56278 kPa
> Pw 2.8139 kPa
'; AH 0.017766  kg/kg
= h 0.0020752 kJikg
(5] 3
2 sV 0.88232 m>/kg P ) X
$00366F hfg 24162415 kJikg P 60°% —5.7559
-t .
-
g RH=50%+4.7966
B )
:g 40%—3.8373
E0.0212F eabiz25 91 — -
0.0178FTdp=22.91 — -12.8139
|  20%—1.9186
' ' ' ' Tdb=3502= ' ' '
24 26 28 30 32 34 36 38 40 42 44

Dry bulb temperature, °C
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4 Figure 2: Digital Psychrometric Chart: given 2 values to derive others — X
Digital Paychrometric Chart
ver. 2.0
T T T PW, kPa
Options: (1) Tdb, rh (2) Tdb, Twb (3) Tdb, Tdp (4) Tdb, Pw (5) Tdb, ah Paim  101.325  kPa 100% 28
6) Pus, th (7) Pws, Twb (8) Pws, Tdp (9) Pws, Pw (10) Pws, ah tdb - 350242 degC
(6) Pws, th (7) Pws, Twb (&) Pws, Tdp (Y) Pws, Pw (10) Pus, a Twb  30.0242 deg.C
Tdp  28.7392 deg.C
RH 70.3386 %%
press Enter to quit, input 1:10 to choose 7 DOS  69.1327 Yot 80% —{7.6746
= Pws 56278 kPa P //'
> Pw  3.9585 kPa - rd
enter atmospheric pressure (Patm) in kPa (press 'enter' for default) '; AH 0.025287 kglkg e ~RH=70.34%46.7477
Patn (in kPa) = 101.325 - h 00036621  kJkg "
enter saturated vapor pressure (Pws) in g/kg D& (presz 'enter' for default) 2 sV 0.88615 m’kg T 0
$00366 hfg 24162415  kJkg-T g 60% —5.7559
Pwzs (glkp DAY = 5.628 2 —~CSV=4.8861
enter Wet bulb T (Twh) from 12.71 to 25.02 deg.C, (press 'enter' for default) = g —
Twh = 30.024 50‘02?2T___,.---"P-_F"---I-l--l-h_an ne g
fx | £00253(Tdp=2874 __— a0%f38593
5
T L
- __20%—={1.9186
f(Pws, Twb) | |
30 35 40 45
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4 Figure 2: Digital Psychrometric Chart: given 2 values to derive others — X
Digital Paychrometric Chart
ver. 2.0
T T T PW, kPa
Optiong: (1) Tdb, rh (2% Tdb, Twb (2) Tdb, Tdp (4} Tdh, Pw (5) Tdh, ah Patm 101.325 kPa 100%—9.5932
(6) Pus, rh (7) Pws, Twb (8) Pws, Tdp (9) Pws, Pw (10) Pws, ah Tdb 350242 ' deg.C
Twb 27.2819 deg.C
Tdp  25.0242 deg.C
RH 56.3949 %%
press Bnter to quit, input 1:10 to choose 8 DOS  54.9849 %% 80% 76746
= Pws  5.6278 kPa 7
. , . . > Pw 3.1738 kPa / /
enter atmospheric pressure (Patm) in kPa (press 'enter' for default) -; AH 0020112 kgkg ) ///
Patm (in kPa) = 101.325 x h 000354  kl/kg pd
enter saturated vapor pressure (Pws) in g¢/kg DA (press 'enter' for default) 2 sv 0.88352 m®kg e __,.// 60% —25.7550
$0.0366 g 2416.2415  kJ/Kkg ) - 0—30.
Pws (g/kg DA) = 5.628 = ~ RH=56.39%45.4101
enter Dew pt. T (Tdp) from -34.49 1o 25.02 deg.C, (press 'enter' for default) = :; -
Tdp = 25.024 B _—
Jx £ 0051 o . 40%3.8373
=) - =Fwhz2728 e
£ 0.0201[FTdp=25.02_— e 3.1738

20%-x1.9186

f(Pws, Tdp)

Tob=35102=

25 30 35 40 45
Dry bulb temperature, °C

«|Paused: Press any key
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4 Figure 2: Digital Psychrometric Chart: given 2 values to derive others — X
Digital Paychrometric Chart
ver. 2.0
T T T T T T T T T T T PW, kPa
Options: (1) Tdb, rh (2y Tdb, Twb (3) Tdb, Tdp (4) Tdb, Pw (5) Tdb, ah Patm 101325  kPa 8.5932
Tdb 35.0242 deg.C
(6) Pwg, rh (7 Pws, Twb (8) Pwg, Tdp (9) Pws, Pw (10} Pws, ah b D5.9284 deq.C
Tdp 229275  deg.C
RH 50 %%
press Enter to quit, input 1:10 to choosze © DOS 485698 %% 7 6746
Pws 5.6354 kPa
Pw 28177 kPa
enter atmospheric pressure (Patm) in kPa (press 'enter' for default) AH 0017791  kglkg
FPatm (in kPay = 101.325 h 0.0031738 kJikg
3
enter saturated vapor pressure (Pws) in glkg DA (press 'enter' for default) sv 0.88234 m~/kg - T o
00366 hfg 24162415 kJikg /, - 60% —25.7559

Pwsg (g/kg DAY = 5.628
enter ¥apor pressure (Pw) from 0.0006 to 5.6278 kPa, (presz 'enter' for default)
Pw = 2.818

RH=50%n4.7966

idity ratio, kg vapor'kg dry air

40%—3.8373

_____._—-"' -

m
=
o
%]
iy
w

T

00178 Tdp=22.93 —

Hu

T 12.8177

| 20%—19186

f(Pws, Pw)

b gy e e | | | |
TOD=23. UL =,

24 26 28 30 32 34 36 38 40 42 44
Dry bulb temperature, °C

«|Paused: Press any key
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4 Figure 2: Digital Psychrometric Chart: given 2 values to derive others — X
Digital Paychrometric Chart
ver. 2.0
T T T T T T T T T T T PW, kPa
Options: (1) Tdb, rh (2) Tdb, Twb (3) Tdb, Tdp ¢4) Tdb, Pw (5) Tdb, ah Patm 101325  kPa 9.5932

Tdb  35.0242 deg.C
Twb 262117  deg.C
Tdp 233777  deg.C
RH 514329 %%

(6) Pwg, rh (7 Pws, Twb (8) Pwg, Tdp (9) Pws, Pw (10} Pws, ah

press Enter to quit, input 1:10 to choose 10 DOS  50.0047 %% - 6746
Pws 5.6278 kPa
) . Pw 2.8945 kPa
enter atmospheric pressure (Patm) in kPa (press 'enter' for default) AH 0.018291  kglkg
FPatm (in kPay = 101.325 h 0.003418  kJ/kg
. 3
enter saturated vapor pressure (Pws) in g/kg D& (presz 'enter' for default) sV 0.88259 m~/kg - g
00366 hfg  2416.2415 kJ/kg /, - 60% —5.7559

Pwsg (g/kg DAY = 5.628
enter Abs. humidity (AH) from O.00000 to 0.03658 keg/kg, press 'enter' for defaul
AH = 0.018

RH=51.43%-+4.9341

40%-43.8373

umidity ratio, kg vaporfkg dry air

_— 12.8945

H
=
o
ey
o
w

 20%—{1.9186

f(Pws, ah) |

(T = ey
TUD=53.UL—

24 26 28 30 32 34 36 38 40 42 44
Dry bulb temperature, °C

«|Paused: Press any key



2 properties 3 properties Process

Tdb & rh -> Pw/AH/VD vs. Tdb
Tdb + 50% RH (psy1)
psy10 (10 options)
psy19 (19 options)
psy Tables (Tdb, RH)

| I "d |

4\ MATLAB R2020b - academic use

HOME PLOTS APPS SN2 @] Search Document
&9 Ha » C: » Users » weifang » Desktop » working » psymenu »

Digital Psychrometric Chart

ver., 3.0
Options: ( 1Y Tdb, rh ( 2y Tdb, Twb ( 23 Tdb, Tdp ( 43 Tdb, Pw ( 53 Tdb, ah { &3 Tdb, sv
( 7y Pws, rh ( 8) Pws, Twb { 9% Pws, Tdp (10) Pws, Pw (113 Pws, ah (12} Pws, =v
(13 Twb, rh (14) Twb, Pws {15 Twb, Tdp (16) Twb, Pw (17) Twb, ah
(18y ah, rh (19y rh, Tdp

fJg press 'enter' to quit, input 1:19 to choose
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Digital Pgychrometric Chart

ver. 3.0
Options: ( 1) Tdb, rh ( 23 Tdb, Twb ( 23 Tdbh, Tdp ( 43 Tdb, Pw ( 5) Tdb, ah ( &) Tdbh, sv
( 7y Pws, th ( 8) Pws, Twb ( Q) Pwz, Tdp (10) Pws, Pw (11} Pws, ah  (12) Pws, av
{13y Twb, rh (14) Twb, Pws (15) Twb, Tdp (16) Twbh, Pw (17) Twh, ah
(18y ah, rh {19y rh, Tdp

press 'enter' to quit, input 1:19 to choose 6

enter atmospheric pressure (Patm) in kPa (press 'enter' for default)

Fatm (in kPa) = 101.325

enter dry bulb temperature (Tdb) in deg. C (press 'enter' for default)

Tdb = 35.00 deg.C

Tdb = 35.00 deg.C  press 'enter' to continue

enter Specific Volume (sv) from 0.87299 to 0.89172 keglke, press 'enter' for default) =
0.8282 m"3/kg

0.882 m"3/kg  press 'enter' to continue

=

Jx s

Option 6:

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

«| Paused: Press any key

bl
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Digital Pgychrometric Chart

ver. 3.0
Options: ( 13 Tdb, rh ( 23 Tdb, Twb ( 23 Tdbh, Tdp ( 43 Tdb, Pw ( 5) Tdb, ah ( &) Tdbh, sv
( 7y Pws, th ( 8) Pws, Twb ( Q) Pwz, Tdp (10) Pws, Pw (11} Pws, ah  (12) Pws, av
{13y Twb, rh (14) Twb, Pws (15) Twb, Tdp (16) Twbh, Pw (17) Twh, ah
(18y ah, rh {19y rh, Tdp

press 'enter' to quit, input 1:19 to choose 12

enter atmospheric pressure (Patm) in kPa (press 'enter' for default)

Fatm (in kPa) = 101.325
enter saturated vapor pressure (Pws) from 0.624 (0 deg.C) to 12.350 (50 deg.C) g/kg DA (press 'enter' for default)
pwg = 5.628 kPa

pws

5.628 kPa  press 'enter' to continue
enter Specific Volume (sv) from 0.87306 to 0.89179 ke/ke, press 'enter' for default) =

gv = (.882 mh3/kg
fag sv = 0.832 m*3/kg  press 'enter' to continue
Option 12:

a range of ‘Pws’ & ‘sv’ were pre-calculated to serve as help-tip to remind users.

«| Paused: Press any key



2 properties 3 properties Process

Tdb & rh -> Pw/AH/VD vs. Tdb Digital Psychrometric Chart
Tdb + 50% RH (psy1)

psy10 (10 pairs)

ver. 3.0

psy20 (20 pairs)

25 (25 pairs) Options: ( 1)y Tdb, rh ( 23 Tdb, Twb ( 33 Tdb, Tdp ( 43 Tdb, Pw ( 5) Tdb, ah ( &) Tdb, sv
psy pairs
psy Tables (Tdb, RH) ( 7% Pws, rh ) ( 8) Pws, Twb }{ 9 Pws, Tdp (10) Pws, Pw (11) Pws, ah  (12) Pws, sv
(133 Twh, rh ) (14) Twb, Pws J(15) Twh, Tdp (16) Twb, Pw (17) Twbh, ah (18} Twb, sv
(19y ah, rh 1 redundant (203 rh, Tdp
press 'enter' to quit, itnput 1:20 to choose
2 properties 3 properties Process
Tdb & rh -> Pw/AH/VD vs. Tdb Digital Psychrometric Chart
Tdb + 50% RH (psy1) ver. 4.0
psy10 (10 pairs)
psy20 (20 pairs) :
Options: Tdb, rh ( 23 Tdb, Twb Tdb, Tdp ( 43y Tdb, Pw ( 5% Tdb, ah { 6) Tdb, =v

psy25 (25 pairs)

osy Tables (Tdb, RH) Pws, rh ( 8) Pws, Twb

1) ( 5

7 ( Pwg, Tdp (10) Pws, Pw (11) Pws, ah  (12) Pws, sv
2y Twb, rh (14) Twb, Pws 7

9) (

L) (

3)
ay 1
5y Twh, Tdp (163 Twb, Pw (17) Twb, ah (183 Twb, sv
0y rh, Tdp New option

3) Tdp, dos (24) ah, dos (25) Twb, dosl

Tdb, dog (22) Pws, dos

press 'enter' to quit, input 1:25 to choose



Besides H and h

fg’

totally 31 P’ pairs

Twb RH Tap AH SV Pws hto Pw DOS
To || P | p p p | p P
Tub P p P
RH Pl P p p p |
AH P P I P
2 properties 3 properties Process
SV —— | Tdb &rh -> Pw/AH/VD vs. Tdb P P P
H | Tdb +50% RH (psy1) ' e
' psy10 (10 pairs)

Pus - psy20 (20 pairs) ] P | P |
h : psy25 (25 pairs)

fe //F psy Tables (Tdb, RH) — ,

P. / V ‘ /‘|>< P




Digital Psychrometric Chart wer. 5.0

2 properties 3 properties Process Mo

Options: ( 13 Tdb, rh ( 23 Tdb, Twb ( 2% Tdb, Tdp ( 4) Tdh, Pw ( 5% Tdb, ah ( &) Tdb, =v
( 7y Pws, rh ( &) Pws, Twb ( 9y Pws, Tdp (10) Pws, Pw (113 Pws, ah (123 Pws, =v
(13y Twh, rh (14} Pw, th {15y Twh, Tdp (163 Twb, Pw (17 Twb, ah (18} Twh, sav
(19y ah, rh (20%  rh, Tdp
(213 Tdb, dos (22) Pws, dos (23) Tdp, doz (24) ah, dos (25) Twh, dos (263 Tdp, s=v
(27 sv, rh 8y Pw, dos (29)  av, Pw (30} sgv, dos 1y ah, =v

| Twh | EH | Tdp | &H | S¥ | H | Pws | Hfg | Pw | DOS |
------ e [ | R E——
Tdb | Iy (3 (5y I (6) | | (21 |
Twb | |13y 115y | (17 | (18) | | (25% |
RH | % | | (20 1 (19y | (27) | ====
Tdp | X | X | ==1==| (26) | (23) |
BH X L X | (24 |
S D O G | (30) |
H D G ! o ]
Pwg | X | X | (22 | i
Hfg | X | ¥ | ]
Pw | X | X | (28) |

= Waiting for input

press 'enter' to quit, input 1:31 to choose

Tdb & rh/dos -> Pw/AH/VD vs. Tdb
psyl (Tdb + 50% rh)
psy10 (10 pairs)

psy20 (20 pairs)

psy25 (25 pairs)

psy31 (31 pairs)

psy Tables (Tdb, RH)




4 Figure 1: Digital Psychrometric Chart: known 2 values to derive others — X

ng » psymenu »

T T T T T Pw, I(Pa
Patm 101325 kPa 100%—27.3655
Tdb  57.23 deg.C
Twb 4466 deg.C Patm = 101.325 kPa
S ::9-0 Tdb = 57.23  deg.C
DOS  50.00 o Twb = 44 66  deg.C
£ Pws 175224 kPa 80% —s21.8924 Tdp = 43.37 deg.C
e Pw 87612  kPa : RH = 50.00 %
AH 0.0589 kg/kg
g h 0.0002 kJikg DOS = 50.00 %
-4 sv 09676  m’kg Pus = 17.5224  kPa
R | 206250 kiR ) Pu = 87612 kPa
g 60%—»16.4193
5 4H = 0.0589 kglkg
® h = 0.0002 ki/kg
;g‘ sV = 0.9676 m*3/kg
E hfg =  2362.50  kl/kg
- <
86838
Press Enter to continue

Dry bulb temperature, °C




2 properties 3 properties Process

Tdb & rh -> Pw/AH/VD vs. Tdb

Tdb + 50% RH (psy1) Digital Psychrometric Tables
psy10 (10 pairs) ver. 2.0

psy20 (20 pairs)
psy25 (25 pairs)
psy Tables (Tdb, RH) S —

Given user assigned range of Tdb and predefined range of rh (at intevral of 10%)

enter 0 to quit or press Enter to continue

Patm (in kPa) =
1 2 Patm (in kPa) = 101.325
Min Dry bulb T (in degree C) =

psychrometric o e o= oo

Max Dry bulb T (in degree C) =
Max Dry bulb T (in degree C) = 40,000
Ta bIeS Interval of Dry bulb T (in degree C) =
Interval of Dry bulb T (in degree C) = 2.000
Press 'enter’



Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =

== === === == ===l ===l = i =i ==

Pws _
0.611
0.706
0.813
0.935
1.073
1.228
1.402
1.598
1.818
2.064
2.338
2.644
2.984
3.0l
3.779
4.242
4.754
o ]
5.940
6.624
7.374

hfg ___

2501.000
2496.160
2491 .320
2436 .480
2481 .640
2476.800
2471.960
2467.120
2462 .280
2457 .440
2452 .600
2447 .760
2442 .920
2438.080
2433.240
2428.400
2423.560
2418.720
2413.880
2409.040
2404 .200

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

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



Pw

Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =
Tdb =

rh =
0.0
2.0
4.0
6.0
8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0
26.0
28.0
30.0
32.0
34.0
36.0
38.0
40.0

10.0_ 20.0_ 30.0_ 40.0_ 50.0_ 60.0_ 70.0_ 80.0_ 90.0_100.0%

0.061 0.
0.071 0.
0.081 0.
0.094 0.
0.107 0.
0.123 0.
0.140 0.
0.160 0.
0.182 0.
0.206 0.
0.234 0.
0.264 0.
0.298 0.
0.336 0.
0.378 0.
0.424 0.
0.475 0.
0.532 1.
0.594 1.
0.662 1.
0,237 1.

122 0.183 0.244 0.305 0.366 0.428 0.489 0.550 0.611
141 0.212 0.282 0.353 0.423 0.494 0.564 0.635 0.706
163 0.244 0.325 0.407 0.488 0.569 0.651 0.732 0.813
187 0.281 0.374 0.468 0.561 0.655 0.743 0.842 0.935
215 0.322 0.429 0.536 0.644 0.751 0.858 0.965 1.073
246 0.368 0.491 0.614 0.737 0.860 0.982 1.105 1.228
280 0.421 0.561 0.701 0.841 0.982 1.122 1.262 1.402
320 0.480 0.639 0.799 0.959 1.119 1.279 1.439 1.598
364 0.545 0.727 0.909 1.091 1.273 1.454 1.636 1.818
413 0.619 0.826 1.032 1.238 1.445 1.651 1.857 2.064
468 0.701 0.935 1.169 1.403 1.637 1.870 2.104 2.338
529 0.793 1.057 1.322 1.586 1.851 2.115 2.379 2.644
597 0.895 1.193 1.492 1.790 2.088 2.387 2.685 2.984
672 1.008 1.344 1.680 2.017 2.353 2.689 3.025 3.361
756 1.134 1.512 1.890 2.268 2.646 3.024 3.401 3.779
848 1.273 1.697 2.121 2.545 2.970 3.394 3.818 4.242
951 1.426 1.902 2.377 2.852 3.328 3.803 4.279 4.754
064 1.596 2.127 2.659 3.191 3.723 4.255 4.787 5.318
188 1.782 2.376 2.970 3.564 4.158 4.752 5.346 5.940
325 1.987 2.649 3.312 3.974 4.637 5.299 5.961 6.624
475 2.212 2.950 3.687 4.425 5.162 5.899 6.637 7.374

PW (in kpa) =
f(Tdb=0:2:40,
rh=10:10:100)



DOS ih =
Tdb = 0.0
Tdb = 2.0
Tdb = 4.0
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0
Tdb = 40.0

110.00_20.00_30.00_40.00_50.00_60.00_70.00_80.00_90.00_100.00%

9.95
9.94
9.93
9.92
9.90
9.89
9.88
9.86
9.84
9.82
9.79
9.76
9.3
9.70
9.66
9.62
9.58
9.53
9.47
9.41
9.34

19.90 29.87 39.85 49.85 59.85 69.87
19.89 29.85 39.83 49.83 59.83 69.85
19.87 29.83 39.81 49.80 59.81 69.83
19.85 29.81 39.78 49.77 59.78 69.80
19.83 29.78 39.74 49.73 59.74 69.78
19.81 29.74 39.71 49.70 59.71 69.74
19.78 29.71 39.67 49.65 59.67 69.71
19.75 29.67 39.62 49.60 59.62 69.67
19.71 29.62 39.57 49.55 59.56 69.62
19.67 29.57 39.51 49.49 59.51 69.57
19.63 29.51 39.44 49.42 59.44 69.51]
19.58 29.45 39.37 49.34 59.36 69.44
19.53 29.38 39.28 49.25 59.28 69.37
19.47 29.30 39.19 49.16 59.19 69.29
19.40 29.21 39.09 49.05 59.08 69.20
19.32 29.11 33.98 48.93 58.97 69.09
19.24 29.00 38.85 48.80 58.84 68.98
19.15 28.88 38.71 48.65 58.70 68.86
19.05 28.75 38.56 48.49 58.54 68.72
18.94 28.60 38.39 48.31 58.37 68.56
18.82 28.44 33.20 48.11 58.17 68.39

79.90 89.95
79.89 89.94
79.87 89.93
79.85 89.92
79.83 89.90
79.80 89.89
79.78 89.87
79.74 89.86
79.71 89.84
79.67 89.81
79.62 89.79
79.57 89.76
79.52 89.73
79.45 89.69
79.38 89.65
79.31 89.61
79.22 89.56
79.12 89.50
79.02 89.44
78.90 89.37
78.76 89.30

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

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



rh =
0.0
2.0
4.0

VPD
Tdb =
Tdb =
Tdb =
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0
Tdb = 40.0

10.0_ 20.0_ 30.0_ 40.0_ 50.0_ 60.0_ 70.0_ 80.0_ 90.0_100.0%
0.550 0.489 0.428 0.366 0.305 0.244 0.183 0.122 0.061 0.000
0.635 0.564 0.494 0.423 0.353 0.282 0.212 0.141 0.071 0.000
0.732 0.651 0.569 0.488 0.407 0.325 0.244 0.163 0.081 0.000
0.842 0.748 0.655 0.561 0.468 0.374 0.281 0.187 0.094 0.000
0.965 0.858 0.751 0.644 0.536 0.429 0.322 0.215 0.107 0.000
1.105 0.982 0.860 0.737 0.614 0.491 0.368 0.246 0.123 0.000
1.262 1.122 0.982 0.841 0.701 0.561 0.421 0.280 0.140 0.000
1.439 1.279 1.119 0.959 0.799 0.639 0.480 0.320 0.160 -0.000
1.636 1.454 1.273 1.091 0.909 0.727 0.545 0.364 0.182 0.000
1.857 1.651 1.445 1.238 1.032 0.826 0.619 0.413 0.206 0.000
2.104 1.870 1.637 1.403 1.169 0.935 0.701 0.468 0.234 0.000
2.379 2.115 1.851 1.586 1.322 1.057 0.793 0.529 0.264 0.000
2.685 2.387 2.088 1.790 1.492 1.193 0.895 0.597 0.298 0.000
3.025 2.689 2.353 2.017 1.680 1.344 1.008 0.672 0.336 0.000
3.401 3.024 2.646 2.268 1.890 1.512 1.134 0.756 0.3738 0.000
3.818 3.394 2.970 2.545 2.121 1.697 1.273 0.848 0.424 0.000
4.279 3.803 3.328 2.852 2.377 1.902 1.426 0.951 0.475 0.000
4.787 4.255 3.723 3.191 2.659 2.127 1.596 1.064 0.532 -0.000
5.346 4.752 4.158 3.564 2.970 2.376 1.782 1.188 0.594 0.000
5.961 5.299 4.637 3.974 3.312 2.649 1.987 1.325 0.662 0.000
6.637 5.899 5.162 4.425 3.687 2.950 2.212 1.475 0.737 0.000

Pt ek el femmd b

VPD (in kPa)=

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



AH rh =
Tdb = 0.0
Tdb = 2.0
Tdb = 4.0
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0
Tdb = 40.0

10.0_ 20.0_ 30.0_ 40.0_ 50.0_ 60.0_ 70.0_ 80.0_ 90.0_100.0%
0.000 0.001 0.001 0.002 0.002 0.002 0.003 0.003 0.003 0.004
0.000 0.001 0.001 0.002 0.002 0.003 0.003 0.003 0.004 0.004
0.000 0.001 0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.005
0.001 0.001 0.002 0.002 0.003 0.003 0.004 0.005 0.005 0.006
0.001 0.001 0.002 0.003 0.003 0.004 0.005 0.005 0.006 0.007
0.001 0.002 0.002 0.003 0.004 0.005 0.005 0.006 0.007 0.008
0.001 0.002 0.003 0.003 0.004 0.005 0.006 0.007 0.008 0.009
0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010 ) _
0.001 0.002 0.003 0.004 0.006 0.007 0.008 0.009 0.010 0.011 /\f1 Urnkg/kgy—
0.001 0.003 0.004 0.005 0.006 0.008 0.009 0.010 0.012 0.013
0.001 0.003 0.004 0.006 0.007 0.009 0.010 0.012 0.013 0.015 f('rtit)-().ll.ll(),
0.002 0.003 0.005 0.007 0.008 0.010 0.012 0.013 0.015 0.017 rh=10inlOO)
0.002 0.004 0.006 0.007 0.009 0.011 0.013 0.015 0.017 0.019
0.002 0.004 0.006 0.008 0.010 0.013 0.015 0.017 0.019 0.021
0.002 0.005 0.007 0.009 0.012 0.014 0.017 0.019 0.022 0.024
0.003 0.005 0.008 0.011 0.013 0.016 0.019 0.022 0.024 0.027
0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027 0.031
0.003 0.007 0.010 0.013 0.017 0.020 0.024 0.027 0.031 0.034
0.004 0.007 0.011 0.015 0.019 0.023 0.027 0.031 0.035 0.039
0.004 0.008 0.012 0.017 0.021 0.025 0.030 0.034 0.039 0.044
0.005 0.009 0.014 0.019 0.023 0.028 0.033 0.038 0.044 0.049




AHD rh =
Tdb = 0.0
Tdb = 2.0
Tdb = 4.0
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0
Tdb = 40.0

10.0_ 20.0_ 30.0_ 40.0_ 50.0_ 60.0_ 70.0_ 80.0_ 90.0_100.0%
0.003 0.003 0.003 0.002 0.002 0.002 0.001 0.001 0.000 0.000
0.004 0.003 0.003 0.003 0.002 0.002 0.001 0.001 0.000 0.000
0.005 0.004 0.004 0.003 0.003 0.002 0.002 0.001 0.001 0.000
0.005 0.005 0.004 0.003 0.003 0.002 0.002 0.001 0.001 0.000
0.006 0.005 0.005 0.004 0.003 0.003 0.002 0.001 0.001 0.000
0.007 0.006 0.005 0.005 0.004 0.003 0.002 0.002 0.001 0.000
0.008 0.007 0.006 0.005 0.004 0.004 0.003 0.002 0.001 0.000
0.009 0.008 0.007 0.006 0.005 0.004 0.003 0.002 0.001 0.000 AH D : —
0.010 0.009 0.008 0.007 0.006 0.005 0.003 0.002 0.001 0.000 (in kg/kg) =
0.012 0.010 0.009 0.008 0.007 0.005 0.004 0.003 0.001 0.000 f(Tdb=0:2:40,

0.013 0.012 0.010 0.009 0.007 0.006 0.004 0.003 0.002 0.000

0.015 0.013 0.012 0.010 0.008 0.007 0.005 0.003 0.002 0.000 rh=10:10:100)
0.017 0.015 0.013 0.011 0.010 0.008 0.006 0.004 0.002 0.000
0.019 0.017 0.015 0.013 0.011 0.009 0.007 0.004 0.002 0.000
0.022 0.019 0.017 0.015 0.012 0.010 0.007 0.005 0.002 0.000
0.025 0.022 0.019 0.017 0.014 0.011 0.008 0.006 0.003 0.000
0.028 0.025 0.022 0.019 0.016 0.013 0.009 0.006 0.003 0.000
0.031 0.028 0.025 0.021 0.018 0.014 0.011 0.007 0.004 0.000
0.035 0.031 0.028 0.024 0.020 0.016 0.012 0.008 0.004 0.000
0.039 0.035 0.031 0.027 0.022 0.018 0.014 0.009 0.005 0.000
0.044 0.040 0.035 0.030 0.025 0.020 0.015 0.010 0.005 0.000




h rh=
Tdb = 0.0
Tdb = 2.0
Tdb = 4.0
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0

Tdb = 40.0

10.0_
0.94
310
5.28
7.48
9.71

11.96

14.25

16.57

18.92

21.32

3.7

26.27

28.82

31.43

34.11

36.86

39.69

42 .61

45.63

48.74

51.97

20.0_
1.88
4.18
6.53
3.92

11.37

13.87

16.43

19.06

21.76

24.55

27.44

30.42

33.52

36.74

40.10

43.60

47.27

51.11

35.15

59.40

63.88

30.0_
2. 82
Ty
7.79

10.37

15,038

15.78

18.61

21.56

24 .61

27.80

31.12

34.60

38.25

42.08

46.13

50.40

54.91

59.70

64.79

70.20

75.96

40.0_
3.76
6.36
9.05

11.82

14.70

17.69

20.31

24.06

27.47

31.05

34.82

38.80

43.01

47.47

52.20

57.25

62.63

68.38

74.54

3l.14

38.23

50.0_
4.70
7.46

10.31

13.28

16.37

19.61

23.01

26.58

30.34

34.32

38.54

43.02

47.79

52.88

58.33

64.16

70.42

77.16

34 .41

92.23

100.68

60.0_
DD
8.99

LLeod

14.73

18.05

21.54

25.21

29.10

33.22

37.60

42.27

47.26

52.61

58.34

64.50

71.13

78.29

86.03

94.40

103.47
1135.32

70.0_
6.59
9.64

12.84

16.19

19.73

23.46

27.42

31.63

36.11

40.90

46.03

51.53

57.45

63.83

70.72

78.17

86.24

95.00

104.51
114.87
126.15

80.0_

7.54
10.74
14.11
17.66
21.41
25.40
29.64
34.17
39.01
44 .21
49.80
55.82
62.32
69.36
76.98
85.26
94 .26
104.06
114.75
126.42
139.19

90.0_ 100.0%

3.49
11.84
1533
19.12
23.10
27.34
31.86
36.71
41.92
47.53
53.59
60.13
67.22
74.92
83.29
92.41

102.36
113.23
125.11
138.13
152.42

9.43
12.94
16.65
20.59
24.79
29.28
34.09
39.27
44 .85
50.87
57.39
64.47
72.16
80.53
89.66
99.63

110.54
122.49
135.60
150.01
165.86

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



SV rh=1 10.0_ 20.0_ 30.0_ 40.0_ 50.0_ 60.0_ 70.0_ 80.0_ 90.0_ 100.0%

Tdb= 0.0 | 0.774 0.774 0.774 0.775 0.775 0.775 0.775 0.775 0.775 0.776

Tdb= 2.0 | 0.780 0.780 0.780 0.780 0.781 0.781 0.781 0.781 0.781 0.782

Tdb= 4.0 | 0.785 0.78 0.786 0.786 0.786 0.787 0.787 0.787 0.787 0.788

Tdb= 6.0 | 0.791 0.791 0.792 0.792 0.792 0.792 0.793 0.793 0.793 0.79

Tdb= 8.0 | 0.797 0.797 0.797 0.798 0.798 0.798 0.799 0.799 0.799 0.800

Tdb = 10.0 | 0.803 0.803 0.803 0.804 0.804 0.804 0.805 0.805 0.805 0.806

Tdb = 12.0 | 0.808 0.809 0.809 0.810 0.810 0.810 0.811 0.811 0.812 0.812

Tdb = 14.0 | 0.814 0.814 0.815 0.815 0.816 0.816 0.817 0.817 0.818 0.818 SV (m3/kg) —
Tdb = 16.0 | 0.820 0.820 0.821 0.821 0.822 0.823 0.823 0.824 0.824 0.825

Tdb = 18.0 | 0.825 0.826 0.827 0.827 0.828 0.829 0.820 0.830 0.831 0.83I f(Tdb=0:2:40,
Tdb = 20.0 | 0.831 0.832 0.833 0.833 0.834 0.835 0.836 0.836 0.837 0.838 10101

Tdb = 22.0 | 0.837 0.838 0.830 0.830 0.840 0.841 0.842 0.843 0.844 0.844 rh=10:10:100)
Tdb = 24.0 | 0.843 0.844 0.845 0.846 0.847 0.847 0.848 0.849 0.850 0.85l

Tdb = 26.0 | 0.849 0.850 0.851 0.852 0.853 0.854 0.855 0.856 0.857 0.858

Tdb = 28.0 | 0.854 0.856 0.857 0.858 0.850 0.860 0.862 0.863 0.864 0.865

Tdb = 30.0 | 0.860 0.862 0.863 0.864 0.866 0.867 0.868 0.870 0.871 0.873

Tdb = 32.0 | 0.866 0.868 0.869 0.871 0.872 0.874 0.875 0.877 0.879 0.880

Tdb = 34.0 | 0.872 0.874 0.875 0.877 0.879 0.881 0.882 0.884 0.386 0.888

Tdb = 36.0 | 0.878 0.880 0.882 0.884 0.886 0.888 0.890 0.892 0.894 0.896

Tdb = 38.0 | 0.884 0.836 0.888 0.890 0.893 0.895 0.897 0.899 0.902 0.904

Tdb = 40.0 | 0.890 0.892 0.895 0.897 0.900 0.902 0.905 0.907 0.910 0.912




Tdp rh =
Tdb = 0.0
Tdb = 2.0
Tdb = 4.0
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0
Tdb = 40.0

10.0_

20.0_

30.0_

40.0_

-23.89 -17.96 -13.98 -10.91
-22.75 -16.59 -12.46
-21.58 -15.19 -10.93

-20.38
-19.16
-17.92
-16.65
-15.36
-14.06
-12.73
-11.39
-10.04
-8.67
-7.29
-5.90
-4.50
-3.09
-1.66
-0.23
1.20
2.64

-13.77
-12.32
-10.86

-9.38
-7.88
-6.36
-4.83
-3.29
-1.74
-0.18
1.40
2.98
4.57
6.17
7.77
9.38
10.99
12.61

-9.37
-7.80
-6.21
-4.60
-2.98
-1.34
0.31
1.97
3.64
5.32
7.00
3.70
10.40
12.10
13.81
15.52
17.24
18.96

-9.30
-7.67
-6.03
-4.36
-2.68
-0.98

0.73

2.46

4.19

5.93

7.69

9.44
11.21
12.98
14.76
16.54
18.33
20.11
21.90
23.69

50.0_
-8.41
-6.72
-5.02
-3.29
-1.56

0.20

1.96

3.74

5.53

7.33

9.14
10.96
12.78
14.61
16.44
18.28
20.12
21.96
23.81
25.66
27.50

60.0_
-6.27
-4.52
-2.76
-0.98

0.82

2.63

4.45

6.29

8.13

9.99
11.85
13.72
15.59
17.47
19.36
21.24
23.13
25.02
26.92
28.81
30.70

70.0_
-4.40
-2.60
-0.79

1.04

2.89

4.75

6.62

8.50
10.39
12.29
14.20
16.11
18.03
19.95
21.88
23.81
25.74
27.67
29.60
31.53
33.47

80.0_
-2.74
-0.90

0.96

2.84

4.73

6.63

8.54
10.47
12.40
14.34
16.28
18.23
20.19
22.15
2411
26.08
28.04
30.01
31.97
33.94
35.90

90.0_ 100.0%
-1.24
0.64
2.54
4.46
6.38
3.32
10.27
12.235
14.20

16.
18.
20.
22.
24.
26.
28.
30.
32.
34.
36.

17
15
14
13
12
11
11
11
10
10
10

38.09

0.00

2.00

3.98

5.93

7.89

9.86
11.85
13.84
15.84
17.84
19.85
21.87
23.89
25.91
27.93
29.96
31.98
34.00
36.00
38.00
40.00

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




THI rh =
Tdb = 0.0
Tdb = 2.0
Tdb = 4.0
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0

Tdb = 40.0

10.0_
32.60
35.01
37.43
39.86
42.30
44.75
47.21
49.67
52.14
54.62
57.10
59.59
62.08
64.57
67.08
69.58
72.09
74.60
77.12
79.63
8215

20.0_
34.73
37.23
39.73
42.24
44.76
47.29
49.82
52.36
54.91
57.46
60.01
62.57
65.14
67.70
70.27
72.85
75.42
78.00
80.58
83.16
85.74

30.0_
36..17
38.71
41.27
43.83
46.39
48.97
51.54
54.13
56.72
59.31
61.91
64.51
67.11
69.72
233
74.94
77.56
80.17
82.79
35.41
38.02

40.0_
CY 0 |
39.85
42.44
45.03
47.63
50.24
52.85
55.46
58.08
60.71
63.34
65.97
68.60
71.24
73.87
76.51
79.16
81.80
84 .44
87.09
89.73

50.0_
.17
40.78
43.39
46.01
43.64
51.27
53.91
56.55
59.19
61.84
64.49
67.14
69.80
72.46
13.12
77.78
30.44
831l
85.77
338.44
91.10

60.0_
38.94
41.57
44.21
46.85
49.50
52.15
54.80
57.46
60.13
62.80
65.47
68.14
70.81
73.49
76.17
78.85
81.53
34.21
86.89
89.57
92.25

70.0_
39.62
42.26
44.92
47.58
50.24
52.91
55.58
58.26
60.94
63.63
66.31
69.00
71.69
74.38
77.08
79.77
82.47
85.16
87.86
90.55
93.25

30.0_
40.21
42.88
45.55
48.22
50.90
53.59
56.28
58.97
61.66
64.36
67.06
69.76
72.47
75.11
77.88
30.59
83.29
86.00
88.71
01.42
94.13

90.0_ 100.0%

40.75
43.43
46.12
48.80
51.50
54.20
56.90
59.60
62.31
65.02
67.73
70.45
13:17
75.88
78.60
81.32
84.04
86.76
89.48
92.19
94 .91

41.20
43.92
46.63
49.34
52.04
54.75
57.46
60.18
62.90
65.62
68.35
71.07
73.80
76.53
79.26
81.98
34.71
37.44
90.16
92.88
95.60

THI =

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



Twb rh =

Tdb = 0.0
Tdb = 2.0
Tdb = 4.0
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0

Tdb = 40.0

10.0_
-4.97
-3.61
-2.28
-0.97
0.32
1.59
2.84
4.07
5.28
6.46
7.62
8.77
9.89
11.01
12:11
13.20
14.28
19.36
16.44
17.51
18.59

20.0_
-4.49
-3.03
-1.59
-0.16
1.24
2.63
4.00
TR
6.68
8.00
9.30
10.59
11.86
£5.13
14.40
15.66
16.93
18.19
19.46
20.73
22.01

30.0_
-3.94
-2.39
-0.86
0.66
2.17
3.66
o 15
6.59
8.03
9.46
10.87
12.28
13.68
15.08
16.48
17.88
19.29
20.69
22.11
25,93
24.96

40.0_
Y
-1.74
-0.12

1.49

3.08

4.66

6.23

7.78

9.32
10.85
12.36
13.88
1539
16.90
18.41
19.92
21.45
22.97
24.51
26.05
27.60

50.0_
-2.79
-1.08

0.62

2:30

3.98

5.64

7.29

8.93
10.56
12.17
13.78
15.39
17.00
18.60
20.21
21.83
23.45
25.08
26.72
28.36
30.02

60.0_
-2.20
-0.43
1.34
S: 1]
4.86
6.60
8.33
10.04
11.75
13.45
15.14
16.83
13.53
20.22
21.92
23.62
25.3
27.05
28.78
30.52
32.27

70.0_
-1.63

0.22

2.06

3.89

212

8

9.33
11.12
12.91
14.68
16.45
18.22
19.99
21.76
23.54
25.32
27.11
28.92
30.73
32.55
34.38

30.0_
-1.06

0.85

2.76

4.67

6.56

8.44
10.31
12.17
14.02
19.87
17.71
19.55
21.39
23.24
25.09
26.95
28.81
30.69
32.57
34.46
36.37

90.0_ 100.0%

-0.49
1.48
3.46
5.42
7.38
9.33

11.27

13.19

15.11

17.02

18.93

20.84

2219

24 .66

26.58

28.50

30.44

34.38

34.33

36.29

38.26

0.00

2.00

4.00

6.00

8.00
10.00
12.00
14.00
16.00
18.00
20.00
22.00
24.00
26.00
28.00
30.00
31.99
34.00
36.00
38.00
40.00

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




WBD rh =
Tdb = 0.0
Tdb = 2.0
Tdb = 4.0
Tdb = 6.0
Tdb = 8.0
Tdb = 10.0
Tdb = 12.0
Tdb = 14.0
Tdb = 16.0
Tdb = 18.0
Tdb = 20.0
Tdb = 22.0
Tdb = 24.0
Tdb = 26.0
Tdb = 28.0
Tdb = 30.0
Tdb = 32.0
Tdb = 34.0
Tdb = 36.0
Tdb = 38.0

Tdb = 40.0

10.0_
4.97
5.61
6.28
6.97
7.68
8.41
9.16
9.93

10.72

11.54

12.38

13.23

14.11

14.99

15.89

16.80

17.72

18.64

19.56

20.49

21.41

20.0_
4.49
5.03
5.59
6.16
6.76
7.37
3.00
8.65
9.32

10.00

10.70

11.41

12.14

12.87

13.60

14.34

15.07

15.81

16.54

17.27

17.99

300
3.94
4.39
4.86
5.34
5.83
6.34
6.87
7.41
7.97
8.54
9.13
9.72

10.32

10.92

11.52

12.12

12.71

13.31

13.89

14.47

15.04

40.0_
M. ¥
3.74
4.12
4.51
4.92
5.34
5.77
6.22
6.68
715
7.64
8.12
8.61
9.10
9.59

10.08

10.55

11.03

11.49

11.95

12.40

50.0_
2.79
3.08
s
3.70
4.02
4.36
4.71
5.07
5.44
5.83
6.22
6.61
7.00
7.40
7.79
8.17
8.55
8.92
9.28
9.64
9.98

60.0_
2.0
2.43
2.66
2.89
3.14
3.40
3.67
3.96
4.25
4.55
4.86
3:117
5.47
3.78
6.08
6.38
6.67
6.95
1 <2l
7.48
%

70.0_
1.63
] 8
1.94
2.11
2.28
2.47
2.67
2.88
3.09
3.32
399
3.8
4.01
4.24
4.46
4.68
4.89
5.08
547
5.45
.Y

80.0_

1

Pt et b ek fmd femd b

.06
1D
.24
B
44
.56
.69
.83
.98

2.13
2.29
2.45
2.6l
2.76
2.91
3.05
3.19
3.31
3.43
3.54
3.63

90.0_ 100.0%

0.49
0.9
0.54
0.58
0.62
0.67
0.73
0.81
0.89
0.98

|

frmd b et pmd femd ek (el b ek b

.07
16
2D
.34
.42
.50
.56
.62
.67
71
.74

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00

WBD (in deg.C) =

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



3 properties Process More.. Misc. Known:

find DOS Patm = 101.325 kPa

find SV Tdb = 30.00 deg.C

find h RH = 20,00 % press 'enter' to continue

find Tdp Solution:

find wb Pws = f(Tdb) = 4246.03 Pa

find hig AH = f(Patm, Pws, RH) = 0.00526 kg vapor/kg DA
find ditference among equations AHs = f(Patm, Pws) = 0.02720 kg vapor/kg DA
find ALL

DOS = f(AH,AHs)

find ALL 2

case

19.32 %

press 'enter' to continue

'dos'
header (Tdb,RH, pa) ;
pws=psy (Tdb, 0,0, "pws"') ;
AH=psvy (pa,pws,RH, "ah');
AHs=psy (pa,pws, 100, "ah'") ;
dispresults (pws,AH,AHs, "dos') ;




AINE RS 5 RS

Table 2-1. Properties of the standard
atmosphere at various elevations.

Elevation above Temperature, Pressure,
Sealevelm = Celsius Pa

-500 . . 18.2 107,478

0 _ 15.0 : 101,325

500 11.8 . 95,461

1000 8.5 89,874

2000 2.0 79,495

3000 -4.5 70,108
4000 ~-11.0 - 61,640

5000 -17.5 54,020

(adapted from the ASHRAE Handbook of
Fundamentals, 1989)




3 properties Process More...

Misc.

find DOS
find SV
find h
find Tdp
find wb
find hfg

find difference among equations
find ALL
find ALL 2

case 'sv'

Given:
Patn =
Tdb =
RH

Solution:
Pws
AH
SV
Density

101.325 kPa
20.00 deg.C
50.00 %

f(Tdb)

f(SV)

Press

f(Patm, Pws, RH)
f(Patm, Tdb, AH)

‘enter' to continue....

header (Tdb, RH, pa) ;

pws=psy (Tdb, 0,0, "pws ")
ah=psy(pa,pws,RH, "ah')
sv=psy (pa, Tdb,ah, "sv'")

e e

e

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




3 properties Process More.. Misc. Given:

Patm = 101.325 kPa

20.00 deg.C
50.00 % Press 'enter' to continue....
f(Tdb) = 2.3388 kPa
f(Patm, Pws, RH) = 0.0073 kg/kg
f(Tdb, AH) = 38.545 klJ/kg Press 'enter'

to continue..

find DOS

find SV

find h Tdb =

find Tdp RH =

find wb Solution:

find hfg Pus =

find difference among equations AH =

find ALL

find ALL 2 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'");




3 properties Process More...

Misc.

find DOS
find SV
find h
find Tdp
find Twb
find hfg

find ALL
find ALL 2

case 'dp'
tdb=[10 20 25 30 40 50]
for i=1l:length (tdb)

header (tdb (1)

pw=rh (i) /100*pws;

find difference among equations

;rh=[20 40 60 80 80

,rh (1) /pa);
pws=psy (tdb(i),0,0, 'pws') ;%

Q

in kPa

o)

$ in kPa

tdpl=psy(tdb (i), pw, 0, "tdp") ;
tdp2=psy (pw, 0,0, 'tdp2") ;
dispresults (tdpl, tdp2, tdpl-tdp2, 'dp') ;

end

fx

Filename:

'find_all.m' deals with the usage of the psychrometric subroutines 'psy.m'

One parameter 1s needed to run. By default 'all' is used as the input parameter.

Given:

Patm = 101.325 kPa

Tdb = 10.00 deg.C

RH = 20.00 % press 'enter' to
Solution:

Tdp_ 1 = f(Tdb, pw) = -10.856 deg.C

Tdp_2 = f(pw) = -10.635 deg.C

difference on Tdp = -0.222 deg.C
Given:

Patm = 101.325 kPa

Tdb = 20.00 deg.C

RH = 40.00 % press 'enter' to
Solution:

Tdp_1 = f(Tdb, pw) = 5.938 deg.C

Tdp_2 = f(pw) = 6.026 deg.C

difference on Tdp = -0.088 deg.C
Given:

Patm = 101.325 kPa

Tdb = 25.00 deg.C

FRH = 60.00 % press 'enter' to
Solution:

Tdp_1 = f(Tdb, pw) = 16.542 deg.C

Tdp_2 = f(pw) = 16.725 deg.C

difference on Tdp = -0.183 deg.C

co

ca

ca

~

2

Given:
Patm = 101.325 kPa
Tdb = 30.00 deg
RH = 80.00 %
Solution:
Tdp_1 = f(Tdb, pw) =
Tdp_2 = f(pw) =

difference on Tdp

Given:
Patm = 101.325 kPa
Tdb = 40.00 deg
RH = 80.00 %
Solution:
Tdp_1 = f(Tdb, pw) =
Tdp_2 = f(pw) =

difference on Tdp

Given:
Patm = 101.325 kPa
Tdb = 50.00 deg
RH = 100.00 %
Solution:
Tdp_1 = f(Tdb, pw) =
Tdp_2 = f(pw) =

difference on Tdp

-

.C

press 'enter' to

26.000 deg.C
26.164 deg.C
-0.074 deg.C

.C

press 'enter' to

35.928 deg.C
35.852 deg.C
0.076 deg.C

.C

press 'enter' to

50.000 deg.C
49,981 deg.C
0.019 deg.C

continue

press

continue

press

continue

press

'enter’

'enter’

‘enter’

to

to

to




fx

This program deals with the usage of the psychrometric subroutines: psy.i
Three values are needed to derive other psychrometric properties.

Given:
Patm = 101.325 kPa
Tdb = 20.00 deg.C
RH = 50.00 % Press 'enter' to continue....
Solution:

Tub = f(Tdb, Pw) 13.787 deg.C using regression equation

Tub = f(Tdb, Pw, Patm) = 13.803 deg.C using iterative algorithm
difference on Twb = -0.016 deg.C Press 'enter' to continue
Given:
Patm = 89.874 kPa
Tdb = 20.00 deg.C
RH = 50.00 % Press 'enter' to continue....
Solution:

Tub = f(Tdb, Pw)
Tub = f(Tdb, Pw, Patm)

13.787 deg.C using regression equation

13.511 deg.C using iterative algorithm

difference on Twb = 0.276 deg.C Press 'enter' to continue
Given:
Patm = 79.495 kPa
Tdb = 20.00 deg.C
RH = 50.00 % Press 'enter' to continue....
Solution:

Twb = f(Tdb, Pw)
Tub = f(Tdb, Pw, Patm) 13.219 deg.C using iterative algorithm
difference on Twb = 0.568 deg.C Press 'enter' to continue

13.787 deg.C using regression equation

3 properties Process More... Misc.

find DOS
find SV
find h
find Tdp
find Twb
find hfg

find difference among equations
find ALL
find ALL 2

The regression equation assumed always at sea level.
[t 1s less accurate when deals with Patm not equals 101.325 kPa.
Difference increased with reducing Patm (increased altitute).

cas

for

end

e 'wb'

pa=[101.325 89.874 79.495];

% Elevation at sea level, 1000 m, 2000 m
i=1:3

header (Tdb,RH,pa (1)) ;

pws=psy (Tdb, 0,0, 'pws"') ; % in kPa
pw=RH/100*pws; % in kPa
tdp=psy (Tdb,pw, 0, 'tdp") ; % in deg.C

o\

twbl=psy (Tdb, tdp, 0, ‘twb’) ; sea level only
twb2=psy (Tdb, pw,pa (i), "twb2") ; iterative algorithm
dispresults (twbl, twb2, twbl-twb2, 'wb'") ;

o\




3 properties Process More.. Misc.

find DOS

Given Patm, Tdb to derive Pws and hfg using various equations

Patm = 101.3250 101.3250  89.8740  89.8740  61.6400  61.6400 kPa
find SV Tdb = 50.0000  60.0000  50.0000  60.0000  50.0000  60.0000 deg.C
--------------------------------------------------------------------------------------------- press 'enter’
find h Pws_1 = 12.3499  19.9433  12.3499  19.9433  12.3499  19.9438 kPa
find Tdp Ps_2 = 12.3342  19.9284  12.3342  19.9284  12.3342  19.9284 kPa
hfg (0~65 deg.C) = 2380.0000 2355.8000 2380.0000 2355.8000 2380.0000 2355.8000 ki/kg
find Twb hfg (-18-200 deg.C) = 2383.2470 2359.3804 2383.2470 2350.3804 2383.2470 2359.3894 ki/kg
find hfg
From Pws to derived Tsat which is equals Tdb
find difference among equations Tsatl =  50.0288  60.0308  50.0288  60.0308  50.0288  60.0308 deg.C
Tsatl-Tdb =  0.0288  0.0308  0.0288  0.0308 0.0288  0.0308 deg.C
find ALL . =
Tsat2 =  50.0033  60.0142  50.0033  60.0142  50.0033  60.0142 deg.C
find ALL 2 Tsat2-Tdb =  0.0033  0.0142  0.0033  0.0142 0.0033  0.0142 deg.C
T T press 'enter’
case 'hfg'
P=[101.325 101.325 89.874 89.874 61.64 61.64]; o
150 60 50 €0 50 €01, Pws anf Hfg are f(Tdb).
for i=1:1:length (P) * Both are not affected by Patm
tdb (1) =T (i) ; patm(i)=P(i);
pws (1)=psy(tdb (i), 0,0, 'pws"'); % in kPa
pws2 (1) =psy(tdb (i), 0,0, "pws2") ; o . ( )/
htq (1) =psy (tdb (i), 0,0, Thig') ; & in kI/kg The Pws derived from case ‘pws2’ can
hfg2 (1)=psy(tdb(1),0,0,'hfg2"); | derive more accurate Tdb when using
tsat (i)=psy(pws(i),0,0, "tsat"'); % in deg.C , ,
tsat2 (i) =psy(pws2(i),0,0, 'tsat'); case ‘tsat’.

end



3 properties Process More... Misc

find DOS

find SV

find h

find Tdp

find Twb

find hfg

find difference among equations
find ALL

find ALL 2

Following parameters will not
varied with the change of Patm:

all Pws, all Pw, all Hfg,
Tsat, Tdp
Twb 1

4\ MATLAB R2020b - academic use

HOME
Hal &
Patm = 101
Tdb = l6.
RH = 20.
Pws 1 = l.
Pwg 2 = l.
Pwg 3 = l.
Pwg 4 = l.
Pw 1l = 0.
Pw 2 = 0.
Pw 3 = 0.
Pw 4 = 0.
Hfg 1 = 2462
Hfg 2 = 2464
Tdp. 1 = -6
Tdp 2 = -6
Tzat 1 = -6
Tsat 2 = -6
v 1 =
av 2 =
Twh 1 =
Twh 2 =
h 1 = 1l
h 2 = 2l.
ah 1 =
ah 2 =
_f_x; ah 3 =
<

«| Waiting for input

0 X

Search Documentation

B4 v

PLOTS APPS &l By

» C: » Users » weifang » Desktop » working » psymenu »
J325 101,225 101.325 101.325 89,874 8O 874 89,874
Qo0 30,000 40,000 50,000  16.000 30,000 40,000
000 50000 80.000  R80.000 20,000 50,000  80.000
818 4,244 7.383 12.350 1.81% 4,246 7.383
818 4,242 7.374  12.334 1.818 4,247 7.374
817 4,240 7.371 12,328 1.817 4,240 7.371
818 4,246 7.383  12.350 1.818 4,246 7.383
364 2.123 5.907 9,820 0.364 2.123 5.907
364 2.121 5.899 9,867 0.364 2.121 5.899
363 2.120 5.897 9,862 0.363 2.120 5.897
364 2.123 5.907 9, 820 0.364 2.123 5.907
280 2428400 2404200 2380.000 2462.280 2425400 2404 ,200
363 2420.962 2407105 22383 247 2464 363 2430.962 2407.105
2600 18,204 35,928 45,717 -6.360  18.294 35,028
1550 18,465 35.852 45,548 -6.155 18,465 35.852
A32 18,455 35,902 45,602 -6.432 18,455 35.002
32 18,4550 35.900 45,598 -6.432 18,455 35.900
820 866 .907 0.951 0.925 977 1.026
.822 BT .042 1.014 .927 .992 1.071
684 21,837 36.388 46,063 684 21,837 36.38%
L6830 22,037 36.574 46,084 250 21,7600 36.507
782 64,251 139.473 224,735 22.508 68,694 153.001
764 64,191 139.316 224 431 22,489 65,630 152.827
.002 013 .039 067 .003 015 .044
.002 013 .039 067 .003 015 .044
.002 013 .039 063 .003 015 .044

=0
g9.874 79
50,000 16
80.000 20
12.350
12.334
12.328
12.350
9,880
9,867
9.%62
9.880
2380.000 2462
2383.247 2464,
45717 -6.
45.548  -6.
45.602  -6.
45.596  -6.
1.077
1.160
46.063
46.031
249,699 23,
249.358 23,
077
77
078

495
.000

79.
30.
50.

2428.
2430.
18.
18.
18.
18.

21.
21.
73.
73.

[ e e =

495
000

2404,
2407.
35.
35.
35.
35.

36.
36.
168.
168.

L R L e e

495
000

279,
279.

495 kPa o~
000 deg.C
000 %

ke




3 properties  Process More.. Misc. Thig program deals with the usage of the peychrometric subroutines: psv.m

find DOS Three values are needed to derive other peychrometric properties.
find SV
find h
find Tdp
find Twb Select Atmospheric pressure (1. Sea level, 2. 1000 m altitude, or enter Patm value in kPa.) :
find hfg By default, atmospheric pressure (Patm) 1s 101.325 kPa Given:
find difference among equations Patm =101.225 kPa. Fress 'Enter' to continue... Patm = 101.325 kPa Given 3
find ALL _ . .
find ALL 2 Enter dry-bulb temperature (Tdb) in deg.C : Eb _ iggg ;ag.c to derive 15 properties.
S © By defanlt, Tdb is 20.000 deg.C
Tdb = 20,00 deg.C. Press 'Enter' to coptt Solution:
Pws_ 1 = 2338 80 Pa = 2.33880 kPa
Enter—retatts rd] = e el : Pus_2 = 2338.02 Pa = 2.33802 kPa
By default, RH +&=50.00/4 Pu = 1160.40 Pa = 1.16040 kPa
. FPws_wb = 1572.32 Pa = 1.57832 kPa
VPD db = 1.16940 kPa = (Pws-Pw)/1000
VPD wh = 0.40892 kPa = (Pwawh-Pw)/1000
4H = 0.00726 kg vapor/ke D&
&Hs = 0.01470 kg vapor/kg DA
tHs_wh = 0.00924 kg vapor/keg DA
AHD db = 0.00742 ke vapor/ke DA = AHs-4H
SHD wh = 000258 kg vapor/kg D& = AHswh-AH
DOS = 40.42 %
Twbl = 13.80 deg.C using regrezsion equation
Twb?d = 13.79 deg.C using 1terative algorithn
WED = 6.20 deg.C = Tdb - Twh

=



Given Patm, Tdb and rh to derive others
3 properties | Process More... | p.y, = 101.3250 101.3250 101.3250 101.3250 89.8740 89.8740 89.8740 61.6400 61.6400 61.6400 kPa
find DOS Tdb = 10.00 20.00 20.00 30.00 10.00  20.00  30.00 10.00  20.00  30.00 deg.C
find SV rh = 50.00 50.00 80.00 80.00 50.00 50.00 80.00 50.00 50.00  80.00 %
S I oo s e e B e e e e s e o e R i o s e
find Tdp Twb - 565 13.79 17.71 26.96  5.65 13.79 26.96  5.65 13.79  26.96 deg.C
find Twb WBD=Tdb - Twb = 435 6.21  2.29  3.04  4.35  6.21  3.04 435 621  3.04 deg.C
find hfg Tdp = 0.20 9.15 1629 26.09 0.20 9.15 26.09  0.20  9.15  26.09 deg.C
find difference among equa DOS - 4970 49.42 79.62 79.31 49.66 49.34 79.21 49.50 49.03 78.83 %
fod AL Pws_1 = 1.2280 2.3388 2.3388 4.2460 1.2280 2.3388 4.2460 1.2280 2.3388 4.2460 kPa
Pws_2 = 1.2279 2.3380 2.3380 4.2424 1.2279 2.3380 4.2424 1.2279 2.3380 4.2424 kPa
Py = 0.6140 1.1694 1.8710 3.3968 0.6140 1.1694 3.3968 0.6140 1.1694 3.3968 kPa
VPD=Pws-Pw = 0.6140 1.1694 0.4678 0.8492 0.6140 1.1694 0.8492 0.6140 1.1694 0.8492 kPa
Vds=f(Vps, tdb) = 0.3925 17.2744 17.2744 30.3112 9.3925 17.2744 30.3112 9.3925 17.2744 30.3112 g/m*3
AHS=Vds*SV = 7.5516 14.4092 14.4472 26.3663 8.5163 16.2542 29.7743 12.4319 23.7531 43.7025 g/mA3*mA3/kg
AH = 3.7920 7.2621 11.7014 21.5746 4.2784 8.1996 24.4314 6.2579 12.0281 36.2748 g vapor/kg D
Given 3 to derive | AHD=AHs-AH = 3.7597 7.1471 2.7458 4.7917 4.2378 8.0546 5.3429 6.1740 11.7251 7.4278 g vapor/kg D
19 properties. h = 19.6122 38.5448 49.8076 85.3062 20.8376 40.9233 02.6058 25.8230 50.6364 122.8674 ki/kg
SV = 0.8040 0.8341 0.8363 0.8699 0.9067 0.9409 0.9823 1.3236 1.3750 1.4418 mA3/kg
Densi ty=1/SV - 124 120 120 1.5  1.10  1.06 1.02  0.76  0.73  0.69 kg/nA3
hfg (065 deg.C) = 2476.80 2452.60 2452.60 2428.40 2476.80 2452.60 2428.40 2476.80 2452.60 2428.40 kl/kg
hfg (-18-200 deg.C) = 2478.68 2454.82 2454.82 2430.96 2478.68 2454.82 2430.96 2478.68 2454.82 2430.96 kl/kg
ASAE's THI = 51.27 64.49 67.06 80.59 51.27 64.49 80.59 51.27 64.49  80.59 @db,rh
ASHRAE's DI - 51.47 64.50 67.16 80.59 51.47 64.59 80.59 51.47 64.59  80.59 @Tdb,Tdp
>>
|




Process More... Misc. This program deals with cooling with or without condensation process. Assumed at Sea

C{}Dhng Wfﬂ condensation Enter dry bulb temperature (Tdb) of air in deg.C (press 'enter' for default):

Cooling with condensation Tdb = 20.00 deg.C o
Enter relative humidity (RH) of air in % (press 'enter' for default):
Evaporative cooling RH = 50.00 %
Ai . . Enter amount of heat removed (g _remove) in kJ (press 'enter' for default):
I mixing q_remove = 20.000 kJ
VPD of leaf and air B Enter amount of air flow (m_air) involved in kg (press 'enter' for default):
T—TT—7—T7 T 7 m_air = 1.200 kg
| tdlloz=11.7 °c| | Itdb1=20.0 °Ic 100 Solution:
rh2 =85.0% rh1 =50.0 % . .
0.025 ah', =0.00726 ah, =0.00726 Given T = 20.00 deg.C, rh=50.00 %, derived Tdp = 9.15 deg.C
pws,= 1.3766 pws, =2.3388 B84, After removal of  20.00 kJ from 1.20 kg of air, ie. 16.67 kl/kg
P B ey B Final T = 3.85 deg.C, rh = 100.00 %
By tdp, = 9.15 tdp, = 9. 1

h, =30.10 h, =

2 h,-h, = 8.4375 Amount of vapor removed: 2.29 ¢/kg DA, totally, 2.74 g removed.

. final T = 3.85 deg.C less than Tdp = 9.15 deg.C.
50 This is a cooling with CONDENSATION process.
hal q_sensible= 11.06 kl/kg, q_latent= 5.61 kl/kg

Humidity ratio, kg/kg
=
o

0.01

0.005 _=20%

30

Dry bulb temperature, °C




Process More... Misc.

Cooling w/o condensation
Cooling with condensation
Evaporative cooling

Air mixing

VPD of leaf and air

e T e W
| ﬂ:ﬂﬁ » C: » Users » weifang » Desktop » working » psymenu

This program deals with cooling with or without condensation process

Enter dry bulb temperature (Tdb) of air in deg.C (press 'enter' fc
Tdb = 20.00 deg.C
Enter relative humidity (RH) of air in % (press 'enter' for defau
RH = 50.00 %
Enter amount of heat removed (q_remove) in kIl (press 'enter' fo
q_remove = 20.000 k]
Enter amount of air flow (m_air) involved in kg (press 'enter’
mair = 1.200 kg

olution:
Given T = 20.00 deg.C, rh=50.00 %, derived Tdp =
20,00 kI from 1.20 kg of air, ie.

9.15 deg.C

After removal of 16.67 kI,

-

4 Cooling (with condensation) — X
tdb,=3.8 °C tdb_=20.0 °C 100%
rh2 =100.0 % rh1 =50.0 %

0.025 ah, =0.00498 ah, =0.00726 ]
pws,= 0.8048 pws = 2.3388
i, 2385 £
wb, = 3.
0.02 | 2
tdp, = 3.83
h, =16.36

0.01

Humidity ratio, kg/kg
2
o

0.005

1
h1-h2 =22.1835 AH1-AH2 =0.0023
h1-h3 = 5.7887 ha-h2 =16.3948

60%

50%

40%

—20%

10 15 30

Dry bulb temperature, °C




Process More... Misc. This program deals with evaporative cooling process. Assumed at Sea level.

Cooling w/o condensation
Enter Tdb of outdoor air in deg.C (press 'enter' for default):

Cooling with condensation tdb = 35.000 deg.C
Euap{}ratiue c{]{}ling Enter rh of ontdoor air in % (press 'enter' for default):
Air mixing th=o0.000% - After pad:
Enter Pad Efficiency in % (presz 'enter' for default):
VPD of leaf and air Pad efficiency = 75.000 % Tdb 2 = 23.18 deg.C
T —T— Twb_2 = 25.91 deg.C (using regression eq.), 26.18 deg.C
define point 1: outdoor environment pw_2a = 3.2106 kPa (calculated from efficiency)
point 2: after pad point pw 2b = 3.2112 kPa (calculated from equations)
point 3: outdoor wet bulb point Tdp_2a = 25.16 deg.C (calculated from efficiency)
Tdp 2b = 25.13 deg.C (calculated from equations)
Grven; rh.2 = 84.01 %
patn ,1(}1'325 iFa ah_2 = 0.0204 keg/kg (calculated from efficiency)
tdb_ 1 = 35.00 deg.C
th1 = 50.00 % sv 2 = 0.840 n"3/keg DA
eff. = 75.00 % (pad efficiency) dsty_.2 = 1.16 kg DA/mA3
h_2 = 80,2985 kl/kg
Derive
__ Dutdoor envirommwnt _ Saturated outdoor tmount of water added:
Tdb L= 39.00 Tdb 3 = 2951 deg.C deltaah = 0.0026 kg/kg DA = 0.0030 kg/m 3 DA
Twb_ 1 = 25.91 Twb_3 = 25,91 deeg.C (using regression edq.) amount of temperature decreased:
Twbh 1 = 28.18 Twh 3 = 26,18 deg.C (u=ing iteration algorithm?
Tdp_l = 22.91 Tdp.3 = 25.91 deg.C delta Tdb = 6.82 deg.C
rh1 = 50.00 rh.3 = 100.00 % WEBD = 9.09 deg.C Efficiency = 0.75
pw 1 = 2.8130 pw 3 = 3.3420 kPa Amount of rel. humidity increased:
ah 1 = 00178 ah 3 =

0.0212 kelkg delta_rh = 3401 %




Process More... Misc.

Cooling w/o condensation
Cooling with condensation
Evaporative cooling

Air mixing

VPD of leaf and air

I+ i’ |

_7: Evaporative/Adiabatic cooling and Drying

0.06

0.05

o
o
=

Humidity ratio, kg/kg
:

o
=)
N

0.01

tdb,= 28.2 °c
rh,” =84.0 %
ah, =0.02036
pws,= 3.8224
pw, =3.2112
twb,, = 25.86
tdp, = 25.12
h, “=80.26

tdb_= 35.0 °c
rh, " =50.0 %
ah, =0.01777
pws, = 5.6278
pw, =2.8139
twb

100%

60 %

50.0%

_—140%

—20%

Dry bulb temperature,

35 40

45




Process More... Misc.

41r mixing problem:

Cooling w/o condensation given:
tdb_1 = Z20.00 tdb_ 2 = 5.00 deg.C
Cooling with condensation 1 = 50.00 2 = 80.00 %
E"IIEI[]DFE?IHUE CDD”T"IQ vol 1 = 0,800 vol 2 = 0,200 mt3/ s
Derive:
Air mixing ah 1 = 0.0073 ah2 = 0.0043  ke/keDA
. h 1 = 38.5448  h_ 2 = 15.8590 kI kDA
VPD of leaf and air v 1 = 0.8341 gv 2 = 0. 7901 m* 3/ keDA
This program deals with the mixing of two air streams with various states and mass flow rat mﬂ@w_l = 0.9591 ]TlﬂDW_Q- = 0.2531 kgfs

Azsumed at Sea level.

After mixing:

Alr flow 1:
enter dry bulb temperature (tdb) in deg.C (press 'enter' for default): tdb_3 = 16.87 deg.C (calculated from mixing)
tdb = 20.00 deg.C twb_ 3 = 11.97 deg.C (using regression eq.), 11.93 deg.C
enter relative humidity (rh) in % (press 'enter' for default): tdp_3 _ 7 %7 deg.C
rh = 50.00 %
enter air mass flow rate in m*3/s (press 'enter' for default): T}L-B = 55.75 %
mass flow rate = 0.80 ah 3 = 0.00665 keglfkeg (calculated from mixing)
Air flow 2: | sv 3 = 0.82492 m*3/kgDh
enter dry bulb temperature (tdh) in deg.C (press 'enter' for default):
enter relative humidity (rh) in % (press 'enter' for default): h_Sa = 3380737 kJs’kg (calculated from mixing)
th = 80.00 % h3b = 3379418 kl/ke (calculated from equations)
enter air mass flow rate in w*3/s (press 'enter' for default):
vol 3 = (0,90009 pr3/s

mass flow rate = 0,20 —



Process More... Misc. <\ Air mixing —

Cooling w/o condensation

Cooling with condensation tdb, = 5.0 °C tdb = 20. u °c 100%
. . rh,“ =80.0 % rh, ' =50.0%
2 1
buaporatiye;cooling 0.025 ah, =0.00431 ah, =0.00726 / ]
Air mixing pws,= 0.8725
. w, =0.6980 w
VPD of leaf and air fwbz — 379 fwl; 0%
02 2~ > !
0.02 tdp, =1.90 tdp, =
h, =15.86 h,

tdb =16.87 =55.75%

60%
tdb -tdb =3.13 tdiv -tdb =11.87

50.0%

40%

0.01

Humidity ratio, kg/kg
>
o

—420%

0.005

L . ' '
-5 0 5 10 15 20 25 30

Dry bulb temperature, °C




Process More.. Misc. This program calculates WBD of air, VFD of leaf and air and VPD of air and saturated air. Assumed at sea level.

CDDIIng WID cnndensatlnn Enter dry bulb temperature (Tdb) in deg.C (press 'enter' for default):

Cooling with condensation tdb = 25.000 deg.C

. . Enter relative humidity (rh) of air in % (press 'enter' for defanlt):
Evaporative cooling b= 70,000 %
Air mixing Enter leaf temperature (Tleaf) in deg.C (prezz 'enter' for default):

Tleaf = 26.000 deg.C
VPD of leaf and air |
Derive
define point 1: environment ___ Alr (pt 1)__ __ Saturated (pt 3)__ Leaf (pt 2)__
Tdb = 25.00 Tdb = 20.97 Tdb = 26.00 deg.C

point 2: leaf
Twb = 20.97 Twb = 20,98 Twbh = 26.01 deg.C

rh = 70.00 rh = 100.00 rh = 100.00 %
pws = 3.1674 pws = 2.4827 pws =  3.3610 kPa

point 3: wet bulb of point 1

Given pw = 2.2172 pw = 2.4827 pw = 3.3610 kPa
patm = 101.325 kPa
tdb .1 = 25.00 deg.C VPDair = pwsl - pwl = 0.9502 kPa
rh.1 = 70.00 % VPD'air = pws3 - pwl = 0.2655 kPa
tleaf = 26.00 deg.C WPDleaf = pwsZ - pwl = 1.1438 kPa

WED of atr = tdbl - twbl = 4.03 deg.C
Tdif of air to leaf = tdbl - tdbZ = -1.00 deg.C




Process More... Misc. 4 VPD of leaf and air _ v

Cooling w/o condensation

Cooling with condensation | | o | N | | |
_ _ tdb_= 26.0 °C tdb_ = 25.0 100%
Fvaporative cooling 0.035 rh,” =100.0 % rh, =70.0%
Air mixing ah, =0.02135 ah, =0.01392
. pws,= 3.3631 pws_ = 3.1692
VPD of leaf and air 0.03 pwz = 3.3631 pw1 = 2.2185 ;BD%
o twb_ = 26.00 twb, = 20.87 f,ﬁ"’
= tdp2—2591 tdp1—18 99
2 0.025 2~ o 1° } 70.0%
— h, =80.53 h, =60
o
+= 60%
£ 0.02
2
=)
€ 0.015 -
= = 40%,
= 10%
0.01 _ i _ 4 2
VPD . - pwsg ___EH__i_____:Mflt?
_______;E_I?-aar':‘mum "PWih1 __0'9503 0%
0.006 F  — PD g1 = PWSb1 "PWgn1 = 0.2491 —— .

16 18 20 22 24 26 28 30 32 34
Dry bulb temperature, °C




More... Misc.

THI lines

Droplet lifetime

, ka/kg

10

0.0272

_Tﬂ-_ Digital Psychrometric Chart with iso-THI lines — ] b
| | | . Pw,kPa
100% —{7.3835
5.9068
THI=85 )= P
I ~ vl 60% —4.4301
THI=80 < S\l= -
- 3\1 W RH=50%-3.6917

Humidity rat

"

-

Pw=2.123—

/4:;_3;,.;-2.9534

| 20%=1.4767

20 25 30

Dry bulb temperature, °C

40




Moaore... Misc.

THI lines
Droplet lifetime

4 Figure 2: Lifetime of droplet under various WBD

Lifetime of droplet (in s)
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Misting, Fogging and Pesticide Application

plot
RH,% 30 | 30 | 50 50 | 80 | 80
Tdb,C 20 | 30 20 | 30 | 20 | 30

1.WBD= 9.12°C
i 2.WBD= 12.11°C
________ 3.WBD= 6.21°C
——— 4. WBD= 8.16°C
5.WBD= 2.28°C
6.WBD= 3.04°C

-
1 1 1 1 1 1 1
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Misc.

About Author
About Software

Close all

Thank wyou for using

Software for the learning of psychrometrics
ver., 4.0

Software developed by
Wei1 Fang, Ph.D., Professor
Dept. of Biomechatronics Engineering

National Taiwan University

Email: weifanegntu.edo. tw
Line/Wechat 1D: weifangQis?

Prezs 'enter' to continue



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 4" 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
* pwsl=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
* pwl=psy(pwsl,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 :
* Hfgl and Hfg2; AHs1 and AHs2; Tdp1l and Tdp2
* Twb1 (sea level only) and Twb2 (generic suitable for various Patm)
e Tdpl (=f(Pws)) and Tdp2(=f(AHs))
e Tdb=Twb=Tdp=f(Pws), when rh=100
e 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.
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Vr = Energy input / AEnthalpy [m*/m?.h]

Where:
AEnthalpy = Enthalpy difference between inside and outside air [kJ/m?’]
Vr = ventilation rate [m*/m?.h]

Energy input = net energy input from the sun and other sources (kJ/m?.h]

BIBE b S

Moisture exhaust = Vr x AAH [g/m’.h]

Where:
Vr = ventilation rate [m®/m?®.h]
A AH = difference between AH inside and outside [g/m’]
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Outside Difference  ADOVE Screen  Difference Inside Difference Plant
Temp e °C 1.00 Temp e °C 1.00 Temp e °C 2.00 Temp e Hm— °C
RH g_b % 8.00 RH :g;b % 7.00 RH e:(;‘) % 15.00 RH 'EJ(E %
Absolute Humidity AH ~ 9.04 g/kg 1.70 Absolute Humidity AH  10.73 g/kg 1.73 Absolute Humidity AH  12.47 g/kg 417 Absolute Humidity AH  16.64 g/kg o
Absolute Humidity AH  10.87 g/m? 1.99 Absolute Humidity AH  12.85 g/m? 2.01 Absolute Humidity AH 14.86 g/m? 479 Absolute Humidity AH  19.65 g/m? i
Humidity Deficit HD 3.87 g/kg -0.85 Humidity Deficit HD 3.03 g/kg -0.83 Humidity Deficit HD 2.20 g/kg -2.20 Humidity Deficit HD 0.00 g/kg o
Humidity Deficit HD 4.66 g/m? -1.03 Humidity Deficit HD 3.63 g/m?3 -1.00 Humidity Deficit HD 2.62 g/m3 -2.62 Humidity Deficit HD 0.00 g/m? o
Enthalpy 40.61 kJ/kg 5.23 Enthalpy 45.85 kJ/kg 5.31 Enthalpy 51.16 kJ/kg 12.38 Enthalpy 63.55 kJ/kg O
Enthalpy 48.85 kJ/m? 6.05 Enthalpy 54.90 kJ/m? 6.09 Enthalpy 60.99 kJ/m? 14.06 Enthalpy 75.05 kd/m® @
VPD 0.62 kPa 0.14 VPD 0.48 kPa -0.13 VPD 0.35kPa -0.35 VPD 0.00 kPa @
VP 1.44 kPa 0.27 VP 1.71 kPa 0.27 VP 1.99 kPa 0.66 VP 2.64 kPa (3 )
VPsat 2.06 kPa 0.13 VPsat 2.20 kPa 0.14 VPsat 2.34 kPa 0.31 VPsat 2.64 kPa o
Dewpoint 12.4°C 2.6 Dewpoint 15.1°C 2.3 Dewpaoint 17.4°C 4.6 Dewpoint 220°C o
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Figure 4.4.2.-2 Ventilation rate of the greenhouse.
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16, Aug 400 [18 bra] 1600 200 i1 Avg 0400 0 1200 16.0¢ 000 12 Asg 100 cio0 200 e 000 15 A 4
M — Neme Device Fact  Axis  Min Max Avg Cursor % 0r
] M — temp greenhouse - C 1 < 182 30.3 224 - :] 3
B = RH grecahouse - % 10 > 72 99 89 :
M — absolute humidity content greenhouse air - g/m? 1 < 14.80 24,41 18.02 -
W pbaokAe humidity « tyide o - g/m) 1 < 7.88 16.53 11.59 -
¥ — outside RH - % ' 0 > 495 100.0 87.3 . %
¥ . 1 > 0 729 143 -
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AL Fi VPD Vi i
100 Vim / a0 ‘apour Pressure Deficit (kPa) x
L 4 u Vapour Pressure Deficit is the difference between
ﬁ: - v the maximum possible vapour pressure VPsat at
. "(?, - E 3 the current temperature and the actual vapour
% 7 ] 25 pressure VP in kilo Pascal (kPa).
co M a0 p i - - i % Note that VPD can also mean: Vapour Pressure
. A /] = Difference between the Plant and the Inside air. This
E nthalpy (k‘”kg Ell’) = ’._hé a{% s = E Vapor Pressure Difference is shown in the column
! A %& = = 20 é “Difference” between the VP value "Inside” and VP
‘Absolute Humidity AH (g/kg) or (g/m3) x /] ™~ ﬂld“ » 1T S value "Plant’. 4
A - A @
The Absolute Humidity AH is the number of grams Saturation curve (100% RH) 60 A g4 o 1=
of watervapour that is actual present per kilo of air AL - !114{“‘ 15 8
or per m3 of air. A < zfla - @
12 [ . | -1 =] =2
) : 40 1 = @
Humidity Deficit HD (g/kag) or (g/m3) x® Pa =% 20% 10 Eo
’ -
Humidity Deficit is the amount of water vapour in o AP = ‘C-./
grams that is needed to achieve full saturation of 1 20 . = = = |1
kilo of air or 1 m3 of air at the current temperature, ] - L1 T = - '_D%—e’
= =
= = = - = - 5
Enthalpy (kJ/kg) or (k/m3) x CaNEEncNEEE ey SN NS s AR = Dewpoint temperature (°C) x
The Enthalpy in kJ/Kg is the energy content of 1 kilo 1 - 1 - = 1 0% The Dewpoint temperature of the air Is that
of airin kiloJoule: the energy that is needed to heat 0 . .
up 1 kilo of air to the current temperature ( sensible ¥ 0 5 10 15 20 25 30 35 40 45 50 55 LZT;??#J;;::”“IL? ;i:ﬁ;?ﬂ;ﬂf;ﬂ::mu
heat) plus the energy that is needed to evaporate i ; air is beeing cooled down below dewpoint :
the present watercontent (latent heat). The enthalpy Air pressure: 1013 hPa Dry bulb temperature (*C) condensation will oecur
in kJ/m3 is the energy content of 1 cubic meter of '
air in kiloJoule. - |
“sychro diagram ‘ { © More info J Air pressure =@5 1013 |hF Y
Outside Difference  AbOVe screen  Difference Inside Difference Plant
Temp el "C 5.00 Temp  emmm({ °C 10.00  Temp el °C ~ Temp e - °C
RH e % 1000 RH e % 2500 RH e % - RH 100 %
Absolute Humidity AH  7.44 g/kg -3.95 Absolute Humidity AH  11.73 g/kg 3.20 Absolute Humidity AH 1493 g/kg - Absolute Humidity AH  27.15 g/kg L
Humidity Deficit HD 3.19 g/kg -2.32 Humidity Deficit HD 2.93 g/kg 9.28 Humidity Deficit HD 1222 g/kg - Humidity Deficit HD 0.00 g/kg ]
Enthalpy 33.63 kJ/kg -22.91 Enthalpy 49.33 kJ/kg 17.95 Enthalpy 67.29 kJ/kg — Enthalpy 97.67 kJ/kg @
VPD 0.51 kPa -0.37 VPD 0.47 kPa 1.44 VPD 191 kPa - VPD 0.00kPa @
VP 1.19 kPa -0.63 VP 1.87 kPa 0.46 VP 233 kPa - VP 425kPa @
VPsat 1.71 kPa -1.00 VPsat 2.34 kPa 1.91 VPsat 425kPa - VPsat 4.25 kPa (i ]
Dewpoint 9.6 °C -10.7 Dewpoint 16.4°C 3.5 Dewpoint 20.0°C - Dewpoint 30.0°C o
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Air pressure # 1013  |hPa 1 ATM = sea level, altitude = 0 m

Inside Difference Plant

Temp e “C - Temp e “C
RH em(mes (55 |% LT RH O e (100 |%

RH inside stomata is 100%

Absolute Humidity AH  14.93 g/kg Absolute Humidity AH  27.15 g/kg i
Absolute Humidity AH  17.19 g/m? Absolute Humidity AH 31.02 g/m? it
Humidity Deficit HD 12.22  Humidity Deficit HD 0.00 g/kg ©
Humidity Deficit HD ~ £14.f AH,.>0 to ensure water vapor Deficit HD 0.00 g/m* ©
Enthalpy AHD 67.° inside stomata can be escaped 97.67 kJ/kg @
Enthalpy or HD 77 . to outside 111.61 kd/m* @
VPD = VPsat - VP 1.97 kPa | -1.91 VPD 0.00 kPa (i ]
VP 2.33 kPa I\‘l This is VP 4.25 kPa i
VPsat 4.25 kPa VR VPsat 425kPa @
Dewpoint 20.0 °C 10.0 Dewpoint 30.0 °C o
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Micro-climate

Inside Difference Plant

Temp e - “E -1.00 Temp eom— “C
RH  comm( ElE 1000 RH — 90 %

Absolute Humidity AH  21.72 g/kg

Absolute Humidity AH

Absolute Humidity AH 24.90 g/m? Absolute Humidity AH
Humidity Deficit HD 5.43 g/kg -2.87 Humidity Deficit HD
Humidity Deficit HD 6.22.9/1 AH,>0 to ensure water vapor D
Enthalpy 84.16 kJ. move away from crop canopy
Enthalpy 96.49 kJ/m? 2.79 Enthalpy

VPD =VPsat - VP 0.85 kPa -0.45 VPD

VP 3.40 kPa A28 | VP

VPsat 4.25 kPa -VP4, VPsat

Dewpoint 26.2 °C 1.0 Dewpoint

AHD is not equal to AH;, AHD is the AH@Tsat — AH@Tdb
VPD is not equal to VP, VPD is the VP@Tsat - VP@Tdb

23.01 g/kg
26.44 g/m?
2.56 g/kg
2.94 g/m®
86.38 kJ/kg
99.28 kJ/m?
0.40 kPa
3.61 kPa
4.01 kPa

27.2 °C



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

100 ATTY u 30
L A7
GROW Ao £ -
=
coM s 5
/ ==
Enthalpy (kJ/kg air) é? 7“95‘, ~ =
T V7 ] 2{] =
= W% - g =
/ =] I T = E
. 60 A 140% s
Saturation curve (100% RH) A =1 =
- 15 ©
4 pans 3% -
2 ! = 5
I ~ 2
40 AF il | - il Qjﬁ’f’ = 2
¢ - = = A = =]
. y P < — — T =i 10 =
. F 1 = =i L] =
Detail n e e P
= < =
o = B — ] : — — ﬂ%’ 5
. ] 1 I"-' -"‘. ——1
version ’ B S e s =T T
1 -1 —4—T"1 L +—1 - e
= ———— - =— - *
S=S=ne L =L 10% 0
-10 5 0 5 10 15 20 25 30 35 40 45 50 55
Airpressure: 1013 hPa Dry bulb temperature ("C)
l 4 Hide Psychro diagra Air pressure E@s 1013 |hPa
Outside Difference  AbOve screen  Difference Inside Difference Plant
Temp E@g °C 0.00 -4.00 Temp E@s °C -1.00 Temp E@s °C
RH g@s % -10.00 10.00 RH g@a % 10.00 RH g@ %
Absolute Humidity AH  16.03 g/kg 8.06 Absolute Humidity AH  24.10 g/kg -2.38 Absolute Humidity AH  21.72 g/kg 1.29 Absolute Humidity AH  23.01 g/kg
Absolute Humidity AH  18.75 g/m? 8.47 Absolute Humidity AH  27.23 g/m? -2.33 Absolute Humidity AH  24.00 g/m? 1.55 Absolute Humidity AH  26.44 g/m?
Humidity Deficit HD 4.01 g/kg 6.32 Humidity Deficit HD 10.33 g/kg -4.90 Humidity Deficit HD 5.43 g/kg -2.87 Humidity Deficit HD 2.56 g/kg
Humidity Deficit HD 4.69 g/m* 6.98 Humidity Deficit HD 11.67 g/m* -5.44 Humidity Deficit HD 6.22 g/m® -3.29 Humidity Deficit HD 2.94 g/m*
Enthalpy 65.04 kJ/kg 29.02 Enthalpy 94.05 kJ/kg -0.89 Enthalpy 84.16 kJ/kg 2.21 Enthalpy 86.38 kJ/kg
Enthalpy 76.07 kJ/m* 30.20 Enthalpy 106.27 kJ/m? -0.78 Enthalpy 96.49 kJ/m? 2.79 Enthalpy 99.28 kJ/m?
VPD 0.63 kPa 0.96 VPD 1.60 kPa -0.75 VPD 0.85 kPa -0.45 VPD 0.40 kPa
VP 2.53 kPa 1.19 VP 373 kPa -0.33 VP 3.40 kPa 0.21 VP 3.61 kPa
VPsat 3.17 kPa 215 VPsat 5.32 kPa -1.08 VPsat 4.25 kPa -0.24 VPsat 4.01 kPa
Dewpoint 21.3°C 6.4 Dewpoint 27.8°C -1.6 Dewpoint 26.2°C 1.0 Dewpoint 27.2°C
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. 60 (1] Ly 40% 1 | =

Saturation curve (100% RH) y AZ@ NN }m'l*dl 1 =

A y = 15 8

r ' g

d’ JJ I -_—

40 14 = - 2'“5 2

> — =

= = = 0=

20 ':’ = - 1 T — a
s : — s = — 5
0 # ‘_3-. [ - I -
Simplify ST e :
-10 5 0 5 10 15 20 25 30 35 40 45 50 55
Vers 1 OH Airpressure: 1013 hPa Dry bulb temperature (*C)
~ Hide Psychro diagram [ © More info ] Air pressure # 1013  |hPa
Outside pifference  AbOve screen  Difference Inside Difference Plant
Temp e E C 9.00 Temp emmm{lm °C 400 Temp emm{im C 000  Temp el C
RH e % 1000 RH ol % 1500 RH  emmme (55 |% 4500 RH  emm——100  |%

Absolute Humidity AH  16.03 g/kg 8.06 Absolute Humidity AH  24.10 g/kg 9.16 Absolute Humidity AH  14.93 g/kg 12.22 Absolute Humidity AH  27.15 g/kg 1]
Humidity Deficit HD 4.01 g/kg 6.32 Humidity Deficit HD 10.33 g/kg 1.89 Humidity Deficit HD 12.22 g/kg -12.22 Humidity Deficit HD 0.00 g/kg i ]
Enthalpy 65.04 kJ/kg 29.02 Enthalpy 94.05 kJ/kg -26.77 Enthalpy 67.29 kJ/kg 30.38 Enthalpy 97.67 kJ/kg @
VPD 0.62 kPa 0.96 VPD 1.60 kPa 0.31 VFD 1.91 kPa -1.91 VPD 0.00 kPa (i ]
VP 2.53 kPa 1.19 VP 3.73 kPa -1.39 VP 2.33 kPa 1.91 VP 4.25 kPa (i ]
VPsat 3.17 kPa 215 VPsat 5.32 kPa -1.08 VPsat 4.25 kPa 0.00 VPsat 425kPa @
Dewpoint 21.3°C 6.4 Dewpoint 278°C -7.8 Dewpoint 20.0°C 10.0 Dewpoint 30.0 °C (' ]
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- Geo location

v - O X
I |- Psychro diagram ® +
al € C' & gpeletsgrow.com/psychro B a v * » ;
‘
E znu
N ‘ ththth iagram [l Geo location |

Bring In the outdoor T and RH info from
worldwide weather station into the
psychrometric software
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| - Psychro diagram X

LA Meet - wxm-ykpx-zze

® x| +

< > C & gpeletsgrow.com/psychro
@ muEE-Ev=E. ol NTUcooL @ mEHENEE @ BEem . BB & &A402% -NTU.. Y Taiwan Flora Virtu..
// 1\ - S ammas :
< ga; 1‘
EXT
R ©
7’8 \l
v%& U 4’? D
[ S =8 ;‘%}l_/ EZMS
; e +
[Gocge
Current location
- Sungshan / Taipei (TW)
(25.021645,121.549619) (25.066667,121.533333)
Height above sea level m Distance to location 5.3 km
Long term average at -7 Height above sea level 6m
Average air pressure - hPa Most recent observation 2022-04-07 09:36:00
Average humidity - % Actual air pressure 1016 hPa
Average temperature -°C Humidity 77 %
Sun rise -hm Temperature 20 °C
Sun set - him Dewpoint 16 °C
Maximum radiation - W/m? Wind speed 9m/s
Day length - him Wind direction 90 °
Overcast few clouds
ﬂ P ERERAZRES O S5t m e oz ©® P3

Click on this icon can bring
the weather condition to
the Psychro software
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Lot Meet - wxm-ykpx-zze @ X | Psychrodiagram X + Lo Meet - wxm-ykpx-zze @® X | Psychro diagram X o+

& > C & gpeletsgrow.com/psychro & > C & gpeletsgrow.com/psychro

@ mywE-ETEE. dl NTUcooL @ mEzEqEE @ ZEe® B, i SA40EZ-NTU. Y TaiwanFloraVit @ BESE-ETSZ. ol NTUCOOL @ AEsiZs@Es () s @, o SK40EZ-NTU.. [

\\ : \\ \ W) | Schoonhov..e 4 Saturation curve (100% RH)
Groot-Ammers il
| @ ' 40 ¢ ]
‘ 7%". i
L/ | 5
 \N = B X \_~ 20 - ] ] =
WREEE EREBWE — recaRusiEa 5
* Spijkenisse . « Barendrecht \\ 0SB 3 L —_—— =L
\ = ’ \ Papendrecht - + |/ 0 B e e e L ]
<@ RN £:3:1( 3 SSSsssscamm=s — o —
~ Oud Beuerland’ ] S=="Sm= - =
| —ke ‘
e | -10 5 0 5 10 15 20 25 30
gimiaEst  MEEH ©2022 GeoBasis-DE/BKG (©200) Emﬁ% B Air pressure: 982 hPa Dry b

‘ ol H el ‘ © Current GPS location ‘ T
ey J l ~ Hide Psychro diagram J =

Current location Nearby weather station Outside pifference  AboOVe SCreen  Dbifference
‘m‘ Temp !:o: 10 °C 9.00 Temp (:Q: °C 1.00 Temp

(51.915473,4.339428) Ronerd?sr?.gggggo,z:ig?)%%%‘;en L RH e % 1200 R4 comm——p % 700 RH
Height ahove sealevel m Distancetnlocation g2 Mdiw AH  5.19 g/kg 589  Absolute Humidity AH 11.08 g/kg 179 Absolut
Long term average at 2 Height above sea level Sm Humidity Deficit HD  2.67 g/kg 045  Humidity Deficit HD 313 g/kg 085  Humidi
Average air pressure - hPa Most recent observation 2022-04-07 09, Enthalpy 23.00 kd/kg 23.71 Enthalpy 46.71 kd/kg 5.46 Enthalp
Average hiunidity =% EM' Sipiessig VPD 0.42 kPa 007  VPD 0.48 kPa 013 VPD
Average temperature -°C Humldlty 66 % VP 0.81 kPa 0.00 VP 1.71 kPa 0.27 VP
Sun rise -him Jemperature 10.C VPsat 1.23 kPa 097  VPsat 2.20 kPa 014 vpsat
Sun set -him Dewpoint 4°C Dewpoint 3.9°C 1.1 Dewpoint 15.1°C 2.3 Dewpoi
Maximum radiation - W/m? Wind speed 24 m/s
Day length - h:m Wind direction 250 °

Overcast scattered clouds

Copyright ® 2010-2022, .{ LetsGrow.c

_—
ﬂ P EEBUAXFHRES L EEBWANFHRIES O &5 Il e o0&
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Extra Analysis

™ - O X
|- Psychro diagram ® +
& - C & gpeletsgrow.com/psychro B a v * » ;

ot

V Paychro disgram | [ Beo location | ‘

|- Psychro diagram X +
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Energy Balance

Outside Difference  AbOVe Screen  Difference Inside
. i: b
I Peychro diagram * e —— 0 Temp e 10 Jc 1100 [ Temp e
. RH emmmeees (70 |% 8.00 RH — commmis |78 % 700 TURH ey |85 %
<« - C & gpe.letsgrow.com/psychro ! l |
Absolute Humidity AH  9.04 g/kg 1.70 Absolute Humidity AH  10.73 g/kg 1234 Absolute Humidity AH  23.08 g/kg
Absolute Humidity AH  10.87 g/m? 1.99 Absolute Humidity AH 1285 g/m? 13.58 Absolute Humidity AH 26,43 g/m?
Humidity Deficit HD 387 g/ka 085 Humidity Deficit HD 3.03 g/kg 1.04 Humidity Deficit HD 407 g/kg
"] )¢ D 4 66 g/m? -1.03 Humidity Deficit HD 3.63 g/m* 1.04 '
_ — : 25 Envly sesong 4 w
[ Psychro diagram | Geo location Moisture balance ‘ Maisture control ‘ ninalpy O KIm' 605  Enthalpy 5490 kJ/m® 4538 Emthaipy "
. VPD 0.62 kPa 014 VPD 0.48 kPa 015  VPD 064 kPa
Based on outside and inside conditions defined previously e e T e sty T e syt
53 N a t S8 a € 3 a
Energy balance of the greenhouse Dewpoint 124°C 26 Dewpolnt 151°C 121 Dewpoint 27.2°C
Solar radiation emml— | 500 |W/m’ . 4 * . *
o b — ExtraHeat = (Radiation*Transmittance) — (U*dT) | balance of the greenhouse
greenhouse e |80 % FNergy

Calculated energy Input ~ 400.00 W/m?

=[500*0.8 - 04[30-18)]*3600/1000 kJ/m2.h

Solar radiation

AEnthalpy =87.54-40.61=46.93 ki/kg

el | 500 Wim#*

Estimated U-value
greenhouse

G0 |wmiK

Radiation inside
greenhouse

Calculated energy input

B0 |%

400,00 W/m?

Ventilation=ExtraHeat/AEnthalpy

=400%*3.6/46.93=30.69 kg/m?2.h

Rexquired ventilation rate to

compensate energy input 30.69 kg air/m? hour

Estimated U-value
greenhouse

ﬁ

—— 10 WimzK

—
ExtraHeat=[500*0.8 - 10*[30-18)|*3600/1000 ki/m2.h

Required ventilation rate to

21.48 kg air/m? hour

Ventilation=ExtraHeat/AEnthalpy=(400-120)/46.93=21.48"""" ==
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AR (PR N [r—— —

Holsire bala"ceoMﬁllﬂu e Ba I dNCE based on ventilation rate derived from energy balance
Fﬁ;j’ . ‘ [ o o AH g =23.08 - 9.04 = 14.04 g/kg air

oty O B i @ o Moisture removed @given ventilation rate

=21.48 * 14.04 = 301.58 g/m2.h

[ Ventilation rate 21.48 kg air/m*.hour Crop evaporation Q— 50 g/m? haur

Min: 10 g/ m2.hour
Value from Energy Maz: 1000 g/mé.hour

balance
Fogging rate ‘= Dgim’.hour

Net moisture balance =
e i Moisture removed — Crop evaporation — fogging rate

The RH in the greenhouse will decrease. - 30158 _ 50 B O - 25158 g/ mZ'h

Psychro diagram | Geolocation | Energy balance || Moisture balance | Moisture control

Moisture balance of the greenhouse

Qutside — Inside

Temp 18 _"C Temp 30 °C

RH e (70 % RH e 55 |%

Absolute Humidity &H 9.04 glkg Absolute Humidity AH 23.08 g/kg

Ventilation rate 2148 kg airfm? hour I Crop evaporation n;.=u Egnn’.hour
Min: 10 g/m? hour .
Vi 1000 g/ o Net moisture balance =

Fogging rate i= W g/m2 haour | Net molsture balance -151.58 g/m? hour MOISture removed - Crop evaporatlon - foggl ng rate

: Result: - — N — 2

TheuRI-IInthegreenhouse will decrease. - 301'58 50 100 - 151'58 g/ m 'h

' = e
N 2330Re 0
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Moisture control by injection of outdrd{

dT=T

— Dulside

inside ~ Toutside I

Electrical consumption

Greenhouse area (e | 100 m?
Capacity - 10 m3/m? hour
Total flaw 1000,00 m3/hou
Electrical power
Pressure differenc d P )
duct e 1000 |Pascal
Efficiency -—GIUU %
Fan power 27778 W

— Heat exchanger
Power 3821 W/m?

\

1376 MJ/hour

Temp ="_= 18 °C Temp e |30 C
RH el |70 % RH el 85 %
Absolute Humidity AH 904 glkg Absolute Humidity AH 2308 o/kg
10.87 o/m3 26.42 o/m3
O ol
— Fan outside air — Moisture

Muoisture exhaust 160.8 gim*hour

— Air conditions in the crog e
Temp 5;5 “C
RH —— ’90—|%
Absolute Humidity AH 24,43 qikg

Maisture transport through crop
bg 1 m
0.332 g/m*haur

0.28 cm/sec
279.99 g/mhour

Crop height
Diffusion

Air movement
Total meisture transport

Moisture Control

Moisture exhaust= Fan capacity x AH; (g/m?3)

=10 m3/m2.h * (26.43 - 10.87) g/m3 = 155.6 g/nf.h

isture exhaust= Fan capacity x AH; (g8/kg) x density; yeair

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

Inside

Temp e (10 |'C
RH =@ 85 %

Absolute Humidity AH 23,08 g/kg
Absolute Humidity AH - 26,43 g/m?

}

Moisture control by injection of outdoor air

Air density
=(26.43/23.08) = 1.1451473

Heat Exchanger (HX) Power = f(dT, fan capacity)

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

Efficiency

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

If dT or fan capacity =0, HXPower=0

HXPower=Cp*dT*(capacity/3.60)*density;,
=1.001* 12 * 10 /3.6* (26.43/23.08)

=38.2W/m?

Elec. Consumption = HXPower *GHarea
=38.21*100=3821W

=3821*3600/10° MJ/h
=3.821*%3.6=13.7556 MJ/h

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

w

— Outside — Inside
Temp e (18 ¢ Temp e 30 ¢
RH 70 # RH !_b‘o 85 %
Absolute Humidity AH 9.04 gkg Absalute Humidity AH 23.08 g/kg

— Fan outside air

g: 100 m?

Greenhouse area

Capacity =;= 10 m3/m2hour
Total flow 1000.00 m3/hour
Electrical power

Pressure difference
duct s

Efficiency
Fan pow,

— Moisture exhaust

Moisture exhaust 160.8 g/m?.hour

— Heal exchanger

3821 W/m?
13.76 MJ/hour

Power
Electrical consumption

— Air conditions in the crop

Temp =;p C
RH =;u 90 %
Absolute Humidity AH 24,43 g/kg

— Malsture transport through crop
c= 1 m
0.332 g/m2.hour

0.28 cm/sec
279.99 g/m?.hour

Crop height
Diffusion

Air movement
Total moisture transport
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— Outside

Temp e |18 |c
RH e |70 %

~Inside

Temp

RH =65&

Greenhouse area ([ pm 160 |m?

Capacity ] ma3/m2hour
Total flow

Electrical power
Pressure difference
duct

Efficiency

Fan power

Absolute Humidity AH 9.04 g/kg Absolute Humidity AH 9.
— Fan outside air — Moisture exhaust
Moisture exhaust 0

— Air conditions in the crop

~ Heat exchanger

0.33 wirg
0.19 MJ/gu

Power
Electrical consumption

Temp e = | 30
RH =‘“ a0
Absolute Humidity AH 24,
— Maoisture transport through crop
Crop height b= 0.5
Diffusion 7.28
Air movement 0.0
Total moisture transport a5

 Fan outside air

Greenhouse area

Capacity
Total flow

? 160 m?
G= 0 m3/m?.hour

0.00 m3/hour

Electrical power
Pressure difference
duct

Efficiency
Fan power

— Heat exchanger AN ‘
Power 0.00 W/m?
Electrical consumption 0.00 MJ/hour

— Outside — Inside
Temp * 18 ¢ Temp # 'Iﬂ—l C
RH e (70 [% RH e (70 |%
Absolute Humidity AH 9.04 a/kg Absolute Humidity AH 963 a/kg
11.54 g/m?

— Moisture exhaust

Moisture exhaust 0.0 g/m?.hour

— Air conditions in the crop

Temp -—Q—- 30 ‘c
Absolule Humidity AH 24.43 g/kg

— Moisture transport through crop
Crop height ¢ 05 |rn
Diffusion 7.250 g/m?.hour
Air movermnent 0.00 cm/sec

Total moisture transport 7.25 g/mihour

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

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

HXPower = Cp * dT * capacity/3.6 * density
=1.001*1*1/3.6*(11.54/9.63)=0.333 W/m?
Elec.Consumption = HXPower *Gharea *
3.6/1000

=0.3184*160 = 50.944 W= 50.944*3600/10°

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

= 1000 x (0/3600) /1=0W
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r— Fan outside air

|
Fan power = 200 x (160/5600) /0.5=17/.76 W I

Greenhouse area
Capacity .
Total flow — Air conditicns in the crop | |
Temp ﬂ 30 w©
Electrical power
Pressure difference ) RH ——— %
duct 200 |F'ascal Absolute Humidity AH 24.43 gkg
Efficiency E LS
Fan power 17.78 W — Maisture transpaort through crop
Crop height g IU.E ]m
[~ Heat exchanger Diffusion 7.250 g/mzhour
Power 0.33 Wim? Al movement 0.03 cmysec
Electrical consumption 019 MJshour Total moisture transport 35.22 g/m*hour

~ Fan oulsida E 3 1
Greenhouse anea ‘|=- |1w |r~|? Fan power = 200 X (1600/3600) /0.5 = 177.78
Capacity
Total flaw
Electrical power e = i It
Pressure dillerence R — %
duct Absobute Humidity AH 24.43 g'hg
Efficiancy
Fan power 177.78 W = Moisture transport through crop:

Crop height P 05 m

— Heat exchanger Diffusion 7.250 g/m? hour
Power 333 wWim? Air movermnent 0.28 cm/isec
Electrical consumption 1.92 MJ/hour Total moisture transport 286.91 g/m?.hour



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

Moisture control by injection of outdoor air

— Outside
Temp e |18 °C
RH +=b5 70 %
Absolute Humidity AH 9.04 glkg

—Inside
Temp e |30 ¢
RH e (85 %
Absolute Humidity AH 23.08 g'kg

— Fan outside air

Electrical consumption

Greenhouse area <-= 160 m?
Capacity e ] m3/m2hour
Total flow 0,00 ma/ho
Electrical power
Pressure difference
duct == | 150 Pascal
Efficiency :r.‘= 30 %
Fan power 0.00 W

— Heat exchanger
Power 0.00 W/m?

0.00 MJ/hour

— Muisture exhaust
Muoisture exhaust

I 0.0 g/m*hour I

Temp
RH

Crop height

Diffusion
Air movement

(= Air conditions in the crop

Absolute Humidity AH

r— Muisture transport through crop

Total moisture transport

={;’:| a0 Y

=;: g0 %
24.43 gikg

g= 1 m

0.00 cm/sec

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
AH;; = 24.43 — 23.08 = 1.35 g/kg

When Crop height =1 m, Air volume around crop per unit area (1 m?) = 1 m3

An empirical equation to derive Diffusion:
Diffusion = 0.214375 * AH;; * 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

— Fan outside air

Greenhouse area

Capacity
Total flow

Electrical power

D m3/m? hou

Moisture transport

Crop height
Diffusion

through crop

-,= 0.5 m

0.665 g/m®hour

e
2.20 MJ/hour

Moisture exhaust 1
( Muisture exhaust 16.1 g/m?*hour I

Air conditions in the crop I

Temp —_— ‘30 °C

RH () 0 %

Moisture transport through crop

Crop height
Diffusion

Diffusion = 0.214375 * 1.35 * 11449 /1 = 0.331

Absolute Humidity AH

2443 g/

B Moisture exhaust

Absolute Humidity AH

Temp e | 30 *C
RH ,—; 95 | 9
;—t 150 Pascal Absolute Humidity AH 25.79 g/kg

Moisture exhaust 16.1 g/m*hour

e |20 C I
e |85 %
23.08 grkg

Air conditions in the crop

=29,5/25.79 = 1.1438

w=' 1 m
0.332 g/m*hour

LT .

H] ]

=Mauoisture transport through crop

. . N A\ 4
Crop height g ﬂ v 1 mf Vv
Diffusion 1.329 g/m2hour 0664 g/m? hour

iffusion = 0.214375 * 2.71 * 1.1438 /0.5 = 1.329

LS L= B P

0.02 cm/sec
rt an1é afm? hour

Diffusion = 0.214375* 2.71 * 1.1438 /1 = 0.664__
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— Fan outside air

— Moisture exhaust

Greenhouse area H— 180  |m? Moisture exhaust 161 g/m? hour
Capacity s K m3/m2 hour H — .
Total flow T TR T — Air conditions in the crop . Alr movement - f(fan CapaC|ty)
Electrical power =-,= E N -
Pressure difference _ . | a0 % Total moisture transport (TmT)
duct a = 150 |Pascal Absolute PiNgidity AH 24.43 g/kg ; B
Bceny @m0 | = moistureTransport,, + moistureTransportyse
F 2222 W = Moisture transport th . . .
i - = Fan capacity * AH + Diffusion
[ e exchanger Difuson in  m¥m2h *g/m3+ g/m’h
Power 3.82 Wim? Air moverment
Electrical consumption 2.20 MJfhour Tolal moisture transport \ P|ant
— Fan culside air ~— Moisture exhaust . —
Greenhouse area '-'E 160 m Muoisture exhaust 160.8 g/m?hour \ Temp # 130 c
Capacity o=yl |10 m3/m3.hour ] B \ RH ey %
Toital flow T — Air conditions in the crop ) -
I power p -—‘H E A Absolute Hum?dfty AH  24.43 g|,fkg|s
Pressure difference RH e | 20 % Absolute Humidity AH
duct a 150 |Pascal Absolute idity AH 24,43 gikg
:r:::\zr ¢ :202_22 |.: — Moisture transport 1 h crop 3 2 .
S m 1 m3/m2h =100.Mm/3600 s = air movement 0.0277 cm/s
[~ Heat exchanger Diffusion 0332 g/mthour TmT =1*27.9658 + 0.332 =28.2978 =~ 28.30 g/m2.h
Power 3821 W/m# Air movement cmy/sac
Electrical consumption 22.01 MJ/hour Total moisture transport 279.99 g/m?.hour \
S— — 10 m3/m2.h = 10 * 100/3600 = 1/3.6 = 0.2777 cm/s
— Fan outside air — Maisture exhaust
= = 2
Greenhouse area (e | 160 __|m? Moisture exhaust 482.5 g/m2hour TmT =10*27.9658 + 0.332 = 279.99 g/m h
Capacity ' 30 m3/m? hour . ) .
ir co in the crop
Toa flow o e J— 30 m3/mz.h = 30 * 100/3600 = 0.8333 cm/s
Pressure Gierence — [ TmT = 30 * 27.9658 + 0.332 = 839.306 ~ 839.31 g/m2.h
duct o (150 |Pascal 24.43 g/kg
Efficiency = ) |30 %
Fan power 666.67 W Maoisture transport t
Crop height
— Heat exchanger Diffusion
Power 114.64 W/m? Alr movement
Electrical consumption 66.03 MdJ/hour Total moisture transport
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