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- Moist air

* Molst air: air with water vapor
 Dry air: air without water vapor

* Moist air = dry air + water vapor

 Dry air: mixed gas (N,: 80%, O,: 19%, Others including CO,
400 ppm = 0.04% and else)
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Ps (T)=0.61121 exp (((18.678 - (T / 234.5)) * (T / (257.14 + T)))
, aver liquid water, T > 0 °C

Ps (T) =0.61115 exp (((23.036 - (T / 333.7)) * (T / (272.82 + T)))
,overice, T<0°C

Where:

Ps (1) 1s the equilibrium pressure, also called saturation pressure in kPa
exp is the exponent based on the natural number e = 2.71828
T s the air temperature in degreces Celsius

[. « 17 =R
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— Functions of moist air

« As the heat source /sink » # % #118

» As the water source/ sink » #7 2 & 1%

* Asthe N,source/sink » # % & %

* Asthe O,source/sink » # 2 & 1%

» As the source / sink of organic particles » # % & g
» As the source / sink of inorganic particles » # % % %
* others
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' Applications of moist air

1. HeatingVentilatingAirConditioning
2. Drying
3. (De)humidification
4. Evaporative cooling
— Pad and Fan
— Fogging
5. Deodorization
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Fan Jet system with heater
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orative Cooling: Pad and Fan system

Miss leading information in places other than extremely dry climate zone
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vaporative Cooling: Fogging with fan
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vaporative Cooling

depends on size of water
droplet, 3 terms are used:

Fogging
Misting
Spraying
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—!vaporative Cooling: Fogging for comfort
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- Temperature affects humidity

* [n general, it means Dry bulb Temperature
Affects Relative Humidity

e But there are

3 types of temperature & 2 types of humidity
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h #2E (53R E A
when RH=0%)

O ApFIER

, /] iy T https://www.engineeringtoolbox.com/air-specific-heat-capacity-d_705.html
. / \‘.\\\ '-_..__..-_..-...-

0 0,004 0,008 0,012 0,016 0,020 0,024 0,028
x kglkg
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™

ynamic Properties of moist air

1. 3z AR 4, Fp¥HE R
dry bulb T relative humidity

2. RIER 5. F¥RRE
wet bulb T absolute humidity

3. BERR (;& & +“ humidity ratio)
dew point T 6. ' % specific volume

7. %2, enthalpy

8. 7 ;i J&vapor pressure
9. 4r fr 7 7 & saturated vapor pressure

mmm& LEA
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Psychrometric Chart
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® 8 i~ :kl/kg~ & §EHE BEHD A

@ i#: lkgZ # KO CHBMIZFRAYET & i
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_7‘; 7%. ':L_jjl’b ;{F‘JI\* Cp — 1 kJ/kg. K https://www.engineeringtoolbox.com/air-specific-heat-capacity-d_705.html
® Fh: RMAEFFESLFANTRORE
ke g A K 5 2500 kI /kg

20°C1kg 24#%% 5g kEn
2 F %t = (20 x 1) + (0.005 x 2500) = 32.5 kJ/kg



http://www.ntu.edu.tw/
https://www.engineeringtoolbox.com/air-specific-heat-capacity-d_705.html
https://www.engineeringtoolbox.com/air-specific-heat-capacity-d_705.html

Psychrometric Chart /_@g/: A !

L 7‘ ] V/ 25

so APLEETY -
Enthalphy ( kd/kg) e 56% . ” i
AW AMP &R 114 / i 20
T T = %_q 4
L )/ | B4 /
4
60 A AT \/46 e mP a an

Saturation curve (100% RH) /4 DaunZ /,{ l '%S“'E"j? e 15
=

/]
BLNZEpARD
Q '/'/"4:4*5:: s < 2 & . N B
e T e 1 20% = 1o
L
1

Absolute humidity (gram/kg)

= - g & =i }(‘/ ’/,
= = 5
0 o= .-/ - /j—' = - = \l‘"\
— ——. LR L LE LTS, I L1 0% 0
-10 -5 0 5 10 15 20 25 30 35 40 45 50 55

This Psychro metric chart is valid at an airpressure of 101,325 kPa ( Sea level) Air temperature (°C)



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

® - 40 kJ/kg = 40 C, 0 g/kg | 15°C, 10 g/kg %73 4p F &
A  BY / 4 #
/ , Ay 7
100 ’ r/‘f P8 & | y
Vi
. o, S W, V. 4 y. 4
Psychrometric Chart 0% PHA LA, ,
80 ,0(:/9 // I~ // F
Enthalphy ( kJ/kg) g// : ,"‘jﬁﬁ?’o : z //
PP b e ey
60 A e “ﬂdfé, A A
Saturation curve (100% RH) /4 Z v E: v e /.4’ | %Q‘-k - S
(ol :
A P < " ¥ I~ o
lflik, "V ’/ < }K:m - E &V'h
: = - = ﬁ/ \{ - L~
0 E-’/ L — ”/ 1| - P
- e - - - ey 2
’ = SR ANEENEERSNANN I 0%
. -10 -5 0 b 10 15 20 25 30 35 40 45 50 55

. o
This Psychro metric chart is valid at an airpressure of 101,325 kPa ( Sea level) Air temperature (°C)

20

15

10

Absolute humidity (gram/kg)



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

(Evaporative coo

2

\:}?% TR AR P /gﬁ«y}\gi’g}};\,y}\g/{ ’ Iiﬂ’étf{f? o rﬁ@h%ﬁ o T F P ﬁqéﬁﬂ gj}tp}‘,r{ > F] L AR
BE R AR BT o BEAT ARG RS FLRBELRG g ind AN ETE

® lkgz5s dg HF EBX=2z8 HAE BHCFEREI2Ce
fpavep b2 = (35-25) x 1 =10 kJ = 0.004 kg x 2500 kJ/kg = 3 v st &

AVEVERNARY, / E
(/ - /
100 A A4 A 30
o Vi
/T A y A 3 P 4
Psvch i 00% g
SYC rometric art ot DS 17 : e
80 V. O,A’ y o o /I
Enthalphy ( kJ/kg) A4 34600 - e = n
/’/Q ,/ 2 0/0.7/ A (/ 20 g
v AP ] s 7 E
© £ 2857 \ouiiuyaanannsss 5
Saturation curve (100% RH) 1,4 L ll‘%s ¥4 15 g
i =
AP P s = =
40 /’l j/’l 4 < [~ ¢ o I~ g
- 2] 1 anEDZ - a ] 10 %
(1A 1A = i P 7]
20 [ PEAPZAP 2N = = = g
“aEZazanam e 109+
0 T B= EP.TE’F( =1 = f - # g 5
. oy ===Z = < o 0% 0

u 10 5 0 5 10 15 20 25 30 35 40 45 50 55
This Psychro metric chart is valid at an airpressure of 101,325 kPa ( Sea level) Air temperature (°C)


http://www.ntu.edu.tw/
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Jim2.s > #5r4 — o] pE e § 4 800 x 60 X 60 /1000 = 2520
kJ/mZ2.h.
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pressure difference vs. vapor pressure deficit

"'J%‘]ﬁﬂ'#\e%ﬁ:r }i*ﬁf;"{h”%\@ ’ ﬁz VPD 7] 5 % v}g,}vv LI % ;Y;TZL =58
% SPL AL 0 T ,__\E.JJ}*'KA\' gkbﬁ&’ °

@ FILZH P vk EAMIRZESF §&F §F - Hehg B F o RE =X kPa-
1 Pascal= 1 Newton per m? (N/m?)

O LEATAREZF Y avkAFERSTY > T mol/m&E > 4 €2 AH (g/m?)

o= gF L oo

@ % - RIRF BAIY R T FEBRATT RFAT L BEXE -
4o 300C 24 ¢ kaRAETefopr > 2 BRE < BE4, 20 kPa ¢t pF AH = 27. 15
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A& BEES:
I. Vapor Pressure Difference: £ R vk F AL BRER 5§ K EZFT A BRHL B
cVPD T A BEREFEREKIY  ER(FIteTEN)

r /2

For example: if plant leaf temperature is 25 °C, then VP inside the leaves (RH = 100 %) equals 3.17
kPa.

Let air temperature be 24 °C and RH = 70 %, then VP is 2.09 kPa.
Thus VPD (difference) = 3.17 - 2.09 = 1.08 kPa.

& sl U g O Br ¥ B e 1%k
ZE g VR T AR T ¢k 5

TS

Flet VPD &k &7

2. Vapor Pressure Deficit: B E 5 % P PR ER THE <~ agvk x4 & (RH = 100%)
BEEREFALBROLE

For example: if air temperature = 30 °C and RH = 70 % then actual VP = 2.97 kPa. If RH were 100 % at
the same temperature VP max = 4.25 kPa
So VPD (deficit) equals 4.25 - 2.97 = 1.28 kPa.

D U T B T e o> VB
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® /P difference = VP deficit » 4 £8 = 5 &

B FHTNT > B £F R

ROWRLEMG 3 RERAERESEARAYE SVP
difference * VPD-plantk % 5t o

® & ¥ 7 VPD,, & VPDy, & F 4
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- Daily variation of T and RH
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' High T Low RH occurs at the same time

Temperalurg —
Relative humidity —*

P 600 AM ) GO0FM. =R
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— Which one is wrong

High T, high RH

(‘ 4 Mf.'&fk‘
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ﬂ
’Wry bulb Temperature, T,
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Relative Humidity, RH

Ratio of the vapor pressure (VP) of the moist air
vs. saturated VP of the moist air at the same T,.

N %
Saturated moist air means moist air at 100% RH

AIr at higher temperature can absorb more water
vapor

Moist air at same temperature, one with higher
RH has less capacity left to absorb water vapor.
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- Wet Bulb Temperature, T,

Require device to measure RH

Without device,

RH can be derived from
given Ty, and T,

m!m&; |55
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Dry and Wet Bulb Temperature
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Tdb: 26 °C
Twhb:17 °C
WBD: 9 °C
RH = 36 %
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i B

20 21 22 |?3 24 25 h g pai 29 an

10 {2403 2004 1647 13.27 1041 785 554 pB47 16 NA NA
11 3039 2601 2209 1856 154 1255)3998 Wbeb 557 368 1.9/
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7364 66.62 60.25 54.46 49.19 44.39 J40.01 B6 3233 28.97 25.89
18 [81.79 7427 b7.44 61.23 5556 5039 |45.66b W1.33 37.37 33.73 3039
19 {9024 8221 749 68.24 6217 56.61 |51.53 HM6.67 4259 3866 3505
20 {100 9043 8263 7552 69.02 k307 |57.61 p2.61 48.01 4378 3989
21 N/A 100 3065 83.06 7% £9.76 |63.93 p8.57 5364 491 4491
22 N/A  N/A 100 90.8?8.?1 70.48 p4.75 59.48 5462 50.13
23 N/A N/A NJA 100 91.13 8392 |77.28 F1.17 6554 60.35 5555
24 |N/A  N/A  N/A N/A 100 91.39 |84.34 §7.84 71.84 663 61.18
2h N/A N/A NFA INJA NGA 100 J91.66 B4.76 78.38 72.49 67.03

2h  INJA NAAL NFA NAA INFA N/A 100 1.94 8517 7891 7311
27 INJA NFAL NFAL NAA NAA - IN/A 00 9222 8558 79.42
28
29

NAA  NA NAA NFA - INFA NFA NfA NJA 100 925 8598
NAA - NA NIA - NFA INFA NFAL N/AL NJAL NJA 100 92.79

" o a0 A NA NA NJA L NJA NZAL NJAL NJAL NFA NJA 100
h‘mmumu bk
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RH=1f(Ty, and T,

A P P - P - E R A -
15 8072 724 B492 5819 5211 4662 4164 3712 3302 2929 2589 2279 1996 1737 1501 1285 1087 906 741 59 452 375
16 |100 8995 9104 7301 ES7E 5923 5331 4793 4305 38E 3455 I0O5 2748 2439 2156 1897 166 1442 1243 106 893 739 593
17 00 89598 914 7iE4 EEEZ E025 5445 4919 4439 4001 36 3233 2897 2589 2307 2048 181 1591 139 1206 1036 8.8
18 |nea 00 9003 9179 7427 G744 E123 5556 5039 4566 4133 3737 3373 3039 2737 245 29 1952 1732 153 1344 1173
19 N M 00 9024 9221 749 G824 E217 GEE1 5153 4687 4259 3WEE 3505 3173 2867 2585 2326 2086 1BEE 1663 1475
20 N MAs NGB 00 9043 8263 7552 E902 E307 57E1 5261 4801 4378 3983 33 33 2995 2714 2454 2214 1993 1789
21 NS N MM N 00 9065 9306 7612 G976 E393 5857 5364 491 4491 4105 3749 3421 317 2836 576 23 2114
22 N MAA NGB N NAA 100 9088 8343 7E71 7048 E475 5948 G4E2 5013 4599 4216 3\EI 3535 3233 2952 RO 7452
23 N MAA NGB N MAA NJA 100 9113 8392 7728 7117 E554 E035 5555 5112 4707 4322 3971 3645 3343 3063 2804
24 N MAA NAE N MAA NJA NJA 100 9139 8434 7784 7184 EE3 G118 5645 5206 48 4423 4074 743 3443 3169
25 Ms MAA NAA N MAA NJA N NAA 100 916 8476 7838 7249 E703 G198 573 5295 4893 4513 4172 3043 35435
26 NdB MAA NJA N NAA NJA N NAA NJA 100 9194 8517 7891 7311 6774 6275 5812 5383 43983 4612 4266 3945
27 |MA MAA MJB RS MAR NJB NAA NAA NJA MJAA 100 9227 8553 7947 7372 ES47 E349 5391 GS4G6 GOEI 47 4357
28 |MA MAA MAB RS MAR NJB O NAA MAAR NJA MAA NJA 100 925 (8593 7993 743 EI07 E421 5967 5545 5152 4785
29 Ma MAA NJB RS MAR NJB MAA MAR NJA MAA NGB NJA 100 9279 8633 8047 7487 E971 G489 E041 BE2Z 5231
A0 N MAA NAB RS MAR NAB A MAR NJA MAA NAA A NAA 100 9309 8678 8091 7543 7032 E556 G111 SE95
31 NAS NS MAA NAB A MAR NAB A MAR NJA MAA NAA A NAA 100 9339 8718 8138 7597 7092 EEZ G179
B2 N MAA NJB RS MAR NJB A MAR NJB MAA MNAR NJA MAA NJA NJA 100 | 93E9 8756 G184 7643 7149 EEE1
33 [N MAA NJB R MAR NAB RS MAR NJB NAA MAR NJA MAA NJA NJA MJAA 100 9399 8795 8229 77 7204
34 [N MAA NJB RS MAR NJB RS MAR NJB RMAA MAR NZA MAA NAA NJA MAA NJA 100 9429 8837 8273 7749
35 MA MAA NJB RN MAA MNAB RS MAR NJB A MAR NJA MAA MNAR NJA MAA NGB NJA 100 9458 8868 8315
B M MAA NGB RA MAR NAB RS MAR MR R MAR NJA MAA NAAR NJA MAA NAA NA NJAA 100 9487 8903
7 N MAA NJB RS MAR NAB R MAR NAB A MAR NJB NAA MAR NJA MAA NAA A MAA NJA 100 9515
38 N MAA NGB RA MAR NJB RS MAR NJB RS MAR NJB NAA MAR NJA MAA MNAA A MAA NJA NJA 100

P.., = 101.325 kPa = 1013.25 hPa
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RH=1f(T,, andT,)

20

AR

PPN

AR

PPN

AR

100

21 oz Joa o4 e lo l27 Jpa lpa fan {31 {22 {33\ J2a far 2k 3z Jaa P lan |
10 |7403 2004 1647 1327 1041 785 554 347 16 RUAA  NIA DA RUA NIA MEA IA A DA A N
11 |3039 2601 2200 1856 154 1255 998 7RG 557 368 187 043 RUA  MNA MAA A MA DNEA MNA N
12 |3698 322 278 2404 2055 1741 1457 1199 966 755 GR4 39 233 04 MEA A DA NIANA
132|438 386 3382 297 2589 2743 1931 1647 1389 1155 8942 749 572 412 ?ER MEA A NEA NIA N,
14 |5087 4524 4016 3556 31.41 2764 2421 211 1826 1568 1333 1119 923 744 581 4 97 173 06 MA A
16 |5819 5211 4662 4164 3712 3302 2929 2589 2279 1996 17.37 1501 1285 1087 906 741 5EN_457 71 105
1R [65.78 59.23 5331 47.93 43.05 38.6 34553085 2748 2439 2156 1897 166 1442 1243 106 893 7 95 47 352
17 |7364 BRA? BO25 5446 4919 4439 4001036 3233 2897 2589 2307 2048 181 1581 139 1206 1036 8,
18 |81.79 7427 £744 123 E5GG G039 4566 41.33 3737 3373 3039 2732 245 219 1852 1732 153 1344 1173 1015 &7
18 |9024 8221 748 6824 E217 GGG 5153 4687 4259 3866 3505 3173 2867 2585 2326 2086 1866 1663 1475 13.07 11.43
a0.43 8263 7552 BA02 G307 5761 GZA1 4801 4378 3989 363 33 PHH5 2714 2454 2214 1993 17.89 16 1425
100 9065 8306 7R12 G976 F393 ERE7 5364 491 4491 4106 3749 3421 3117 2836 2576 2336 2114 1309 17.19
MiA 100 G088 8349 7671 7043 F475 5948 5462 5013 4598 4216 3863 3535 3233 2052 2RA3 2452 223 2024
MiA 100 9113 8392 77.28 7117 B554 6035 BEES 5112 47.02 43.22 3971 3645 3343 3063 2804 2563 234
100 9138 8434 7784 7184 BE3 E1.18 5645 5206 48 4423 4074 3749 3443 3169 291 2564
100 9166 8476 7838 7249 B7.03 B1.88 573 G296 4883 4518 4172 3849 3549 3271 3012
9184 8517 78.91 7311 67.74 B2.75 5A.12 5383 4983 4612 4266 3945 3646 3368
100 9227 B558 7942 7377 BA4? F349 5891 G4GE SOR9 47 4357 4047 37.3%
j4 100 925 8R98 7993 743 GI07 B421 EIR7 BE45 G157 4785 4443 41.24
Mi& 100 9279 ARAA 8047 7487 B971 G483 B041 SR22 5231 4866 452
MAA 100 93.09 8678 8091 7543 70.32 6556 61.11 5685 53.07 49.44
MAA MAA 100 9339 8718 81.38 F5E7 7092 BEZ E179 5766 5318
M MAA 100 9369 8756 A1.84 7649 7149 BRAT F243 5833
MiA M MA 100 9399 8795 8229 77 7204 E74 B3OS
M MAA NA MNA 100 9429 8832 8273 77.49 7257 B7.95
M MAA NAAMAA NGA 100 9458 88ER 8315 7785 7307
BA O NAAMAARAA NIA NA 100 8487 8903 8354 7839
A NAAMAARAAMA N RUA 100 9515 8936 83.92
BA O NEAMARGANEANAA RUA NGA 100 954 8967
95 54
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T, = f(Ty,, RH)

—Twh Table —
20 21 & 23 II 24 2R 25 27 28 29 30 £ 32 ]
B0 1459 1539 162 |17 178 1861 1941 2022 .03 284 22B5 (2346 .

] 1447 153 1612 1635 1777 | 186 1343 2026 21.08 2131 2275 2358 2442
O 1515 1533 1684 1768 118534 1338 2023 2107 21893 2273 2363 2443 2554
E5 1581 1667 1754 184 1327 II 20714 .01 AN87 2275 Zd3kd 2449 A55V ZB2S
Fill 1645 1734 1822 19711 §13.93 | 2088 AN.77 2266 2355 2444 553 2623 2713 ¢
fil= 1703 1793 1839 138 207 | 2161 2281 2342 2453 2524 2615 2707 2793
1] 1771 1863 1356 2048 | 214 | 2232 2325 2417 2571 2603 2696 2783 2882 .
=] 1833 1927 202 2114 | 2208 | 2302 2396 2491 2585 268 774 2BES 23R4
30 18.93 1983 2084 218 2275 2371 2467 2563 2653 2755 28R 2348 G045

35 1953 205 AN.47 2244 12341 | 2438 AAGE 2B33 VS 2823 327 3025 3124
100 |20 21 22 23 24 25 26 2F 28 23 a0 ) 32
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- Wet bulb depression, WBD

WBD = Tdb — Twb

Limit of the degree of temperature
drop of the Evaporative cooling
system

' . m. 1211" -
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w

Web Bulb Depression

20 22 24 26 28 al £ 24 ab a8 40 42 44
al 521 BBl i i3 YFa 818 8R4 891 927 8B2 9% 103 10EZ2
25 253 BB BZ23  BEY  BAZ A VB A9 B2 BAE3 882 311 358
GO 485 516 547 RV OBOVF  BSF O BEE  BS94 Y VAV FV2 O VOE 813
ES 413 446 473 4393 525 BA1 BYS B9 B2 B44 BES BE4 Y03
Fill 255 378 4 423 445 4k7 487 507 526 544 AR BV B9
/o 291 31 3.3 243 5EF 385 401 417 433 447 4B 4724 483
el 229 244 2E 270 289 204 318 33 24 352 3BT 37 a7y
=] 167 1.8 192 204 215 226 236 244 2R2 Z2B3 (Z2ER 27 274
30 1.0/ 116 1.2% 133 141 143 15 1B 165 183 172 173 1.74
35 047 05 05 084 0B 073 076 073 08 051 |08 0.79 0.76
100 |0 0 0 0 I I I 0 0 0 0 0 0
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' Psychrometric properties

At given latitude (given P,) and
2 Independent properties, others can be derived.
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- Psychrometric properties

« 3+1 T, 2 Hand 2 P properties

— Tdb > Twb > Tdp (Dew point temperature)
— T, Saturated T (T, at RH=100%)

— Relative Humidity (RH), Absolute Humidity (AH)

— Water vapor pressure (P,,)

— Saturated water vapor pressure (P, P, at T..,)

ws§?
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3+1 T

* lap Tsat
-
wb
* Ty, lowest temperature with no condensation occurred

— When surface T is lower than T, of the moist air, condensation will
be occurred on the surface such as the eyeglass, cup, flower, leaves,

etc.
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Portable digital T, RH measuring device
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http://images.google.com.tw/imgres?imgurl=http://cmb.physics.wisc.edu/saltpill/digital%20thermometer.jpg&imgrefurl=http://cmb.physics.wisc.edu/saltpill/saltpill.html&h=512&w=640&sz=63&tbnid=j-lmRhradyoJ:&tbnh=108&tbnw=135&start=22&prev=/images?q=THERMOMETER&start=20&hl=zh-TW&lr=&ie=UTF-8&sa=N
http://images.google.com.tw/imgres?imgurl=http://www.provincer.com/outdoordecor/images/wireless-outdoor-thermometer.jpeg&imgrefurl=http://www.provincer.com/outdoordecor/wireless-outdoor-thermometer.html&h=320&w=320&sz=24&tbnid=oe_bbEmVOQoJ:&tbnh=113&tbnw=113&start=53&prev=/images?q=THERMOMETER&start=40&hl=zh-TW&lr=&ie=UTF-8&sa=N
http://images.google.com.tw/imgres?imgurl=http://www.weatheraffects.com/hol00/2222.jpg&imgrefurl=http://www.weathersuperstore.com/thermometer.shtml&h=213&w=150&sz=27&tbnid=0nVhsliTJs4J:&tbnh=100&tbnw=71&start=59&prev=/images?q=THERMOMETER&start=40&hl=zh-TW&lr=&ie=UTF-8&sa=N

Infra-red Dry Bulb Temperature
Measuring only the surface T

i /—\;’ .
(=

- ' l ‘
\
\
niec
L §ic

Need to know the emissivity of the surface of
interest to correctly measure the surface
temperature.

Not for surface
T measurement

.“}.ﬁvﬁ- 1'.'!‘!.4*
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iy g T

Emissivity §§ &+ 5

Emissivity I1s a measure of a material’s radiating efficiency. An
emissivity of 1.00 implies that the material is 100% efficient at
radiating energy. An emissivity of 0.20 implies that the material
radiates only 20% of that which it is capable of radiating. Black body
e=1, Grey bodye<1

Tables of emissivity values are only approximated values for real
materials. A range of emissivity values is usually given for many
materials whose emissivity can be affected by surface roughness or
finish. Additionally, thin sheets of material such as plastics may be
semi-transparent in the infrared and therefore have reduced
emissivity

‘ wv&.f‘- |L-'l":l‘:4’-
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http://www.vanderbilt.eu/docs/Trebla_Services_Emissie_Tabel.pdf#:~:text=Emissivity%20Table%20Emissivity%20is%20a%20measure%20of%20a,of%20that%20which%20it%20is%20capable%20of%20radiating.

Thermal Imager

http://us.fluke.com/usen/products/CategoryTI/

http://www.landinst.com/infrared/products/thermal_imaging/guide_M4_thermal_imager.htm
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gm—aw

Relative humidity (RH) in %

Ratio of vapor pressure (mass) of moist air vs.
saturated vapor pressure (mass) at same T,

Is called Relative Humidity (Degree of Saturation, DOS)

Absolute humidity (AH) in g/kg or kg/kg or
g/m3 or kg/m?3
Mass (g or kg) of water vapor per kg or m? of dry air
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—'—'ﬂ
V AH

* AH in g or kg/kg Dry Air (DA) divided by specific
volume (SV) of DA is the AH in g or kg/m? DA.

SV (m3/kg) is the inverse of air density (kg/m?3)

At normal temperature range, mass of water vapor
per 1 kgofdryairisO0O~30g

At same T4, air with higher RH has higher AH
At same RH, air with higher T, has higher AH
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”ow many PSY. related terms "

you have learned so far?

*4T,2H,2P
* DOS
 WBD
* SV, Density

hm!m ) 55%
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20 2

=

1

0

1

MET: 1.5, Wind: 0.5mfs, MET: 25°C

Barometric Pressure; 101 .56 EPa

= A J Marsh "99

Psychrometric Chart

o (SRR
S BT 5

L1
£
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Comfort zone of 3 animals

Productivity

O——0 JERSEY COWS |_

Wt HOLSTEIN COWS

— — = == LAYING HENS |A. |. AEDS)
| 1 L | L

Q 5 10 15

Dry bulb temperature
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,_4‘5- » Psychart software *

:.m Pawtable : ;IEI EI
~Twh = fTdb.RH) . Fatrn : 101.325 kPa
Lower Lirnit Upper Lirnit Iz |tk Message b
Col: Tdb I degree C .
<l 40 SERETEEET. J Wiet Bulb Temperature
Row: RH [&0 100 S B A [in deqree C)
Twh |WED | RH YPD | WPD' | Tdpl | Tdp2 | THIT | T « | b ________ L |$t Clear ot
—Twhb Table —
20 21 2 23 II 24 25 26 27 28 29 a0 1 e ]
A0 1453 1539 162 |17 178 1861 1941 2022 203 2184 2265 2348

55 1447 153 1612 1695 117277 | 186 1343 2026 21.08 2191 2475 2358 2442
=1 1515 1593 1684 1768 | 1853 |J19.38 2023 2107 2193 2278 Zak3 2443 2554
(T081  I6br 1704 104 |19 20714 2.1 AN.E7 2275 Zd3k2 2443 ARGV ZBZD
il 1645 1734 1822 19711 |13.93 | 2088 AN.77 2266 2355 2444 553 2623 2713
fi= 1703 1793 1839 198 207 | 2161 2251 2342 2453 2524 2615 2707 2793
1] 1771 1863 1356 2048 | 1.4 | 2232 2325 2417 2571 2603 2696 2783 2882 .
=] 1833 1927 202 21714 | 2208 | 2302 2396 2491 2585 268 2774 28BS 23R4
30 18.93 1383 2084 218 2275 2371 2467 2563 2653 2755 851 2348 G045

45 1953 205  AN.47 2244 1234 | 2438 AAGR 2633 VSl 2829 A3V 3025 5124
100 120 21 2 23 24 20 2B 27 28 23 al a1 a2

+]_|

L, oo aaeean SETEES B Bhecn EmE BEE 000
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RH = f(Tdb, Twb)

all

EX X P P S T 5 B - -2 T =i < R = V- s < O < T = O b= - i< r A - D k< : I LT
10 7403 2004 1647 1327 1041 785 554 347 1.6 MAA MAA MG MEA RA NAANAA RAA MAA MAA NS NIA
11 13039 2601 2209 1856 154 1255 993 7HG BE7  3GE 1H7 043 MAA RA NAA NAA RAA MAA MA NS NIA
17 |368% 322 278 2404 2055 1741 1457 1199 966 755 BRd 39 233 08 NAA NAA MAA MAA MA M NIA
13 |438 386 3392 297 7589 2743 1931 1647 1389 1155 947 749 577 412 2ZHE 133 MAAMAA MA M NIA
14 |50A7 45.24 4016 3556 3141 2764 2421 211 1826 1568 1333 1118 923 744 581 432 297 173 06 M MNA
16 |5319 5211 4662 4164 3717 3302 2928 P583 2279 1996 1737 1501 1285 1067 806 741 59 452 325 21 108
1A |F5.78 59.23 53.31 47.93 4305 386 3455 3085 2743 2433 2156 1897 166 1442 1243 106 893 739 593 47 352
17 |7364 GREZ BO25 G446 4919 4439 4001036 3233 2897 2589 2307 2048 181 1591 138 1206 1036 881 738 G0O7
18 8179 7427 6744 B173 555G 5039 4566 41.33 3737 3373 3039 2732 245 218 1952 1732 153 1344 1173 1015 &7
18 lanpz4 &221 749 G824 G217 BEG1 G153 4A7 4759 3866 3505 3173 PAG7 P8R 2326 P08F 1866 1663 1475 1307 11.43
P |100 8043 82A3 75EZ BA0Z G307 G7E1 BZAT 401 4378 3989 363 33 29E5 2714 2454 2214 1993 1789 16 147G
71 |M#a 100 9065 B306 7RI1Z G976 G393 BAG7 BIG4 491 4481 4106 3749 3421 3117 2836 2576 2336 2114 1908 17149
78 IMiA MNAA 100 9088 R348 7717048 F475 5948 G467 B013 4599 4216 3063 3535 3233 2957 PRA3 2457 P23 2024
23 IMAA MAA MAA 100 9113 8382 7728 7117 GRE4 BO35 BRRR 112 47.07 4327 3971 3645 3343 3063 2R04 PREI 234
P IMAA NAA BAA MAA 100 9139 8434 7784 7184 BRI G118 BE4S FPOR 48 4423 4074 3749 3449 31R9 P91 PFGY
PR IMAA NAA BIAA  RAA MAA 100 9166 B47R 7RIS 7249 G703 G198 573 GPHG 4893 4519 4172 3849 3549 3271 3017
PR IMA N BIAARAA MAA RA 100 9194 8517 7891 7311 G774 B275 BA12 G383 4983 4612 4266 3945 646 3760
27 IMA N BIAA RAA MAA RGA MAA 100 9222 BRER 7947 7172 BA47 R349 5891 G4GF G0E9 47 4357 4037 3738
PR IMAA M BIAARAA MAA RGA MAA MAA 100 925 8598 7993 743 RY07 G421 BHA7 5545 5157 4785 4447 41.24
PE O IMAA MR BIAARUAAMAA RGA RMAA MNAA RAA 100 9279 BRI A047 7487 6971 B4.89 G041 5627 5271 4866 4526
A0 IR MR BIAA RUAA MAA RGA RAA MAA RIAA MNAA 100 9309 8678 8081 7543 7032 G55 G111 BEHS G307 4944
T IR MR BIAA RUAAMRA RIAA RAAMAA RIAA MAAMA 100 9339 8718 B1.38 7597 7092 BRZ? G179 G7EG 518
32 IREA MR BIAA RUAA MRA RIGA RAAMAA RIAA MAAMAA MAA 100 9369 A7.56 #1084 7649 71.49 GEA1 G247 BA.33
A0 IR MR BIAA RUAAMRA RIGA RAA A RIAA BAAMAA MAA MAA 100 9399 8795 8279 77 7204 B74 BA05
B IRAA MR BIAA RUAAMRA RIGA RAA A RIAA MAAMIAA MAA MEA RA 100 9429 BB32 8273 7749 7257 B7.96
A5 IRAA MR BIAA RUAAMIRA RIGA RAA A RIAA BAAMIAA MAA MAA RA NAA 100 9458 BAER 8315 7795 7307
A6 IR MR BIAA RUAAMRA RIGA RAA A RIAA BAABIAAMAA MEA RIA NAA MAA 100 9487 8903 A354 7839
A7 IRAA MR BIAARUAAMRA RIGA RAA ARG BAABIAAMAAL MEA RIGA NAA MAA  RAA 100 9515 A936 #3.97
A0 IREA MR RIAA RUAAMIRA RIGA RAA ARG BAABIAA MAAL MEA RIGA NAA MAA RAA MAA 100 854 BAAT

444,

A,

A4,

444,

A,

A4,

444,

A,

A4,

444,

A,

A4,

444,

444,

A,

444,

444,

A,

100

4564

-
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WBD= Tdb — Twb = f(Tdb, RH)

20 22 24 26 28 al £ 24 ab a8 40 42 44
al 521 BBl i i3 YFa 818 8R4 891 927 8B2 9% 103 10EZ2
25 253 BB BZ23  BEY  BAZ A VB A9 B2 BAE3 882 311 358
GO 485 516 547 RV OBOVF  BSF O BEE  BS94 Y VAV FV2 O VOE 813
ES 413 446 473 4393 525 BA1 BYS B9 B2 B44 BES BE4 Y03
Fill 255 378 4 423 445 4k7 487 507 526 544 AR BV B9
/o 291 31 3.3 243 5EF 385 401 417 433 447 4B 4724 483
el 229 244 2E 270 289 204 318 33 24 352 3BT 37 a7y
=] 167 1.8 192 204 215 226 236 244 2R2 Z2B3 (Z2ER 27 274
30 1.0/ 116 1.2% 133 141 143 15 1B 165 183 172 173 1.74
35 047 05 05 084 0B 073 076 073 08 051 |08 0.79 0.76
100 |0 0 0 0 I I I 0 0 0 0 0 0
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- i?H range for plant growth

RH too low RH too high
Tdb, °C | (humidification | Proper RH | (dehumidification
required) required)
15 - 50 % 73
20 46 o4 80
29 00 73 86
30 70 80 89

S 7
N0 A ——
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FEEERMEHEEETHEAEEZ (5, millibars)
AEFEHREEEL B-10 2 EEF (BE) UETLEENA  LESSEERE -

=E A EE

SC | 9F | 100%) 95% | Q0% [ 85% [ 80% | 75% | 70% | 65% [ 60% | 55% | 50% | 45% [ 40% | 35%
15 | 539 |00 [ o0 | 17 | 25 [ 34 | 42 | 51 | 5% | 68 | 76 | 85 | 94 [ 102 ] 11.]
16 | 81 | 00 [ o0 ) 18 | 28 [ 37 | 46 | 55 | 64 | 73 [ 83 | Sl | 100 ] 109 | 11.8
17 | 83 | 00 [ 10 | 20 | 29 [ 349 | 48 | 58 | 68 | 48 [ &8 | 97 [ 106 ) 115 | 146
18 | 84 | 00 [ 10 | 20 | 31 [ 41 | &1 | &2 | 72 | 82 [ 93 | 103 | 113 | 124 | 154
19 | 88 | o0 [ 12 ) 22 | 33 [ 44 | 55 | &6 | @F | 88 [ 949 | 110 ] 121 | 1532 ] 143
20 | B8 | Qo | 13 | 24 [ 35 | 47 | 59 [ F0 ) @2 | 94 | 106 | 117 [ 128 ) 140 ] 152
21 | A0 | oo | 13 | 24 [ 57 | 4% | 62 [ 74 | EE | 89 ] 110 | 124 [ 137 ] 148 | 161
22 | A2 o0 | 13 | 28 [ 38 | 53 | 66 [ P8 ) 93 | 105 | 119 | 133 [ 145 ) 158 | 172
23 | 8 oo | 14 | 28 [ 43 | 6 | A0 [ 85 | 98 | 113 | 1347 ] 141 [ 154 | 168 | 182
24 | A5 o0 | 1s | 30 [ 45 ] 5% | Y4 [ B8 10d | 115 ) 154 | 148 | 164 | 179 | 194
25

26

77 0,0 & | 32 | 4.8 5.4 B | 95 [ 11 127143 | 159 174 | 120 [ 205
79 0,0 1.7 | 34 4l 6.7 I L O O O O 0 O O = T O O N O A O
27 g1 0,0 1.8 3.5 53 7.1 e | 107124 | 421160 178 | 196 213 | 231
28 82 0,0 1.9 | 3.8 S7 0 F6 | 95 [ 114133 151 [ 170 189 | 207 | 226 M5
20 84 oo 20 | 3.8 &0 B 100 | 1200 4o 160 180 | 200 221 | 4.1 | 261
30 88 oo 21 42 | 64 o | 109 127 148 1720 191 | 212 | 233 | 254 | 275
31 g8 o) 22 142 | &7 ) 90 | 1121134 157 | 179 | 202224 | Me | 269 29l
32 a0 oo 24 47 | 71 QL | 119 1421166 | 190 [ 213 237 | 261 | 284 | 304
o S 33 a1 oo ] 25 S0 AL 1| 125150 176 201 | 226 251 | 298 | 301 | 326
e ~ gl | a3 oo 27 [ 543 B | 106 133 [ 159 186 | 212|239 265 | 202 | 318 | 345
N - '-;‘._‘; 35 Q5 oo ] 28 5.6 ad | 112 1140 [ 168 | 196 | 224 [ 252 | 280 | 308 | 336 | 364

T ee—— x
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unit conversion
millibar to others

Your value (millibar): | 1| | convert Me J
Ads by Google > P35l » Pressure > KG k- Bar Table

Metric British and U.S. (Imperial system)

bar 0.001 ounce per square inch (osi, 0z/in®) 02321

kilopascal (kPa) 01 ounce per square foot 33.42

hectopascal (hPa) 1 pound per square inch (psi) 0.0145

megapascal (MPa) 0.0001 pound per sguare foot 2 089

pascal (Pa) 100 thousand pounds per square inch (ksi) 0.0000145

kilogram per square centimeter (kagficm?) 0.00102 ton (U.S.) per square inch 0000007252

kilogram per square meter (kgf/m=) 10.2 ton (U.S.) per square foot 0.001044

newton per square meter (N/m=) 100 long ton (U_K.) per square inch 0000006475

kilonewton per square meter (KM/m*®) 0.1 long ton (U.K.) per square foot 0.0009324

meganewton per square meter (MN/m?2) 0.0001 ’

newion per square centimeter (N/cm?) 0.01

newton uare millimeter (N/mm Found an error? Want to suggest more conversions?

Persq ( ) LLLE F o Contact us on Facebook.
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I VPD

1 millibar = 0.1 kPa

VPD too big Proper VPD too small
(humidification or VPD (dehumidification or
cooling required) heating required)

< 0.45 kPa suitable
1.95 kPa 0.85 kP3a for bacterial tc_) survive)
< 0.2 kPa (suitable for
bacterial invasion)

-
h‘Mim& Tk
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VPD = f(Tdb, RH)

o o1 Jep [o3 o or [or [27 [ [ra  [an

RO HIH3F.20.995 1.058 1124 1194 T#68_1.345 1.427 1513 1603 1.698
e |0.889 08945 1.005 1.068 1134 1.204 T2R8_1.356 1.437 1523 1.613
R4 |0.542 0896 0952 1.012 1.075 1141 1.211 T84 1362 1.443 1.529
RR|0795 0846 0.899 0956 1.015 1.078 1.143 1.213 THREE 1.363 1.444
R |0.748 0796 0.846 058599 0855 1.014 1.076 1142 1.21°\4.283 1.354
70 N\J0702 0746 0,793 0843 0896 0.951 1.008 1.07 1135 1.282 1.274
72 NG5 0697 0741 0787 0836 0.887 0942 0999 1.059 1122 N]184
74 |0BOeN0647 0685 0731 0776 0.624 0874 0927 0883 1.042 1.7
76 |05A1 0970635 0675 0716 0761 0.807 0856 0.908 0962 1.019
78 |0515 0547 hSHZ 0618 0657 0697 074 0785 0.532 0882 0934
A0 {0468 0495 0529 HEG2 0597 0634 0673 0713 0756 0802 0.549
A2 |0.421 04458 0476 0B0EHE37 057 0605 0642 0681 0721 0.764
A4 (0374 0398 0423 045 0478 THEZ_0538 0571 0605 0641 0679
AR {0327 0348 037 0383 0418 0444 0379499 053 (561 054
AR {0261 0299 0317 0337 0358 038 0404 0428 0454 0481 057

0.264 0261 0299 0317 0336 0357 0.378 0401 0425
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RH range for plant growth VPD

— RH 100 high 1 millibar = 0.1 kPa
Tdb, °C | (humidification | Proper RH | (dehumidification
required) required) VPD too big " —— VPD too small
0 (humidification or P (dehumidification or
15 = S0 % 73 cooling required) VPD heating required)
20 46 64 80 < (0.45 kPa (Suitable
for bacterial to survive)
25 60 73 86 L. NORER < (.2 kPa (suitable for
[ 30 7 0 80 89 ; bacterial invasion)
! .\ Pass
mm . G ST,

VPD is a better index for

humidity control
Vapor Pressure Deficit
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https://cals.Arizona.edu/vpdcalc/ 30

COLLEGE OF AGRICULTURE
A AND LIFE SCIENCES
* | CONTROLLED ENVIRONMENT
ARIZONA | AGRICULTURE CENTER

VPD Calculator

Air Temperature (°C)

Relative Humidity (%)

95

Calculate

Saturated Vapor Pressure

— SVP: 4.246 kPa

Vapor Pressure Deficit

|\ VP: 2.335 kPa
VPD: 1.911 kPa

Humidity Deficit

l/HD : 13.657 g/m3

Reset
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https://cals.arizona.edu/vpdcalc/

VPD is the driving force for the transpiration to occur.
Proper VPD leads to proper transpiration, proper water/nutrient uptake and proper growth.
VPD too high, stomata tends to close, no CO, intake and no water/nutrient uptake.
VPD too low, less transpiration occur, leads to less water/nutrients uptake, slow growth.
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2 Digital Psychrometric Chart ~'S y cnar —_5 @
get  Tables About Eat
T T N State lF‘n:u:ess] Pad ] WPD ]

unts | Patm : 101
ity 3607 Tdb [21.95 degree C

o

FH |E39.95
Twb 1817 degres C

Tdp (1605 degreeC
aH  (0o11s kgfkg D&
H F1.3EE kJ kg D
S [0es1s mitkaDa
Hfg 244789 kd kg

D05 [gg29 :
Pwz |2 535 kPa q
Pw [1 044 kPa A

e
Tdb 03 In addition t Patm,

wou il need 2 properties o
define a state.

'_II I'_l
e

Crosshair Lines & Curves
pry

= b | W T
[1.2801 A

v RH
Pws — Pw = VPD o IR i
Step [pixels] g [ 5
——

T T T O O T B A | I'-."IiSl:_ | |

g i, [ Centralize
o WA W Unitlabel

» (BD| D)
.
“
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¥ I

VPD of GH_A during the night time

- - I - L W - ] L = W e - -:
=1 =1 =1 1 L = 1 W ! - o e - C
o L i = o LA & 4 - Ay = & i AL & 4 {
™ e e S S S T S = M R A S
W = il o . —i L Lo . —i ] L

- = = = & oM 22 = i = E

Time
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VPD of GH_B during the night time

035
0.30
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«

Dehumidifier ON from 6 pm to 6 am

RH > 90% with

100 dehumidifier OFF
90
S _
o 80 — 0111-01123% &
3 — 0114-0115%&

10 | Dehumidifier ON, RH at80% =~ RH increase rapidly due to turn off of the
dehumidifier, later decrease rapidly due to T

50 ‘ Increase inside the greenhouse after sunrise

16:00:36 19:34:20 23:08:00 02:48:56 06:22:48 09:58:24
iS3E
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VPD difference due to ON/OFF of the dehumidifier

VPD

11

1

0.9
0.8
0.7

0.6

VPD > 0.45 kPa Is safer
compare with VPD < 0.2

— 0111-0112VPD

0.5

0.4

0.3

— 0114-0115VPD

0.2

0.1

0
16:00:36

19:34:20 23:08:00 02:48:56
IRF ]

06:22:48

09:58:24
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to reduce the water content inside the greenhouse.

Figure 4.3.6-2 Graph to assess the moisture balance of the greenhouse and ventilation

¥ v !
1ae s Growl - Moisture balance of the greenhouse RHoutdoor O Bysm  Aug o, 018 . Aug 13, sy
"
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n can also remove indoor water vapor
when indoor AH is higher than outdoor AH

Figure 4.3.6-1 Moisture transport by ventilation

1 CT LS
,,,,,,,

TM-

.......
th the

= \
1 .
\5775)
i
—‘ "

! ¢ G
) 'l
‘
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w many PSY. related terms
you have learned so far?

7 How many PSY. related terms

«4T.2H, 2P

 DOS, WBD

* SV, Density

* VPDair’ VPDaierbWb’ VPDair_leaf
¢ HDaif’ HD irrdbwbs HDindoor_outdoor

m‘m\v)& LEA
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Tutorial for Psyc0226

Wei Fang, Ph.D., Professor
Dept. of Bio-Industrial Mechatronics Engineering
National Taiwan University

Software last updated: 2002/02/26
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Psyc0226

* Allow alteration on atmospheric pressure

* Provide handy PsyTables
— Totally 11 tables are available

* Provide PsyCharts

— State calculation: besides AtmP, values of 2 independent states
are required to calculate others

— Process calculation: find differences between 2 states
— More process calculation:

e Evaporative cooling

e Vapor pressure deficit on leaf



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

State |F'ru:u:ess| Pad I'h"F'D I

—ﬁ

Psyc0226 software

1. Tdb: dry bulb Temp.
Tdb ﬁ— deqgree C . ..
2. RH : relative humidity
RH  [&0 % 3. Twb: wet bulb Temp.
Twb deqgree . -
) T 4. Tdp: dew point Temp.
AH (006 E:Eg [[;i 5. AH : absolute humidity
H | .
Sy 31515?5 3k DA 6. H: enthalpy
Hia [24254  kitka 7. SV :specific volume
DOS |53 97 % :
Pws [135— KkPa 8. Hfg: evaporated latent heat
Pw 2548 | kPa 9. DOS: degree of saturation
10. Pws: saturated water vapor pressure
Dry bulb temperature 11. Pw: water vapor pressure

Hange : -40 <--» 70 deqgree C
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=10l x|

. poe b ;
aet Ahout  Exit
T e State lF"n:n::ess] Fad ]"-.:‘F"D ]

Tdb |30~ degeeC

RH |go0 %

Twh [2353  degreeC

Tdp [71.26  degeeC

AH  loo1s kodkg DA

H 71.169 kJ kg DA

=L YT m3skg DA

Hfg 24284 kJ/kg

DOS [sa97 =

Pwz |4 745 kFPa

Pw |2 548 kFPa
bezzage

Oy bulb temperature
Range: -40 <> 70 degree C

Crozzhair Lines & Curves
k| v T

v RH

v &H

T v Pw

[+ H

Step [pixels] 2 [v SN

]

— i
| | I I R | LI B | ISC-

3 A [v Centralize
wad WA | | W Unitlabel

) (BD| >
y
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Two ways to set the atmospheric pressure

A
ﬂ L igzital Pavchrometrie Chart
Tables About Emat

L/ Units Patm : 10
T :degreelC
wet Patim.
BH : kalkg DA
H - klMkgDa ~Atmospheric Fressure— - Elevation

Sy madkg D,
Hfg : kJ/ kg

DOos: = 14 R
Pw : kPa

107.325 = 0 11 e

s I ft Cancel |
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yTables

S

11 handy P

Cureent; Tdb:12.04, EH:100.00, Twb:12.04, Tdp:12.04, 8 H:0.0038,H:34 187,3%:0 3193, Hf 2471 87,D03:100.00,Fw:1 41

f{Tdb,EH)

f{Tdb, Twh)

={{Tdb,RH)
THIZ = £{Tdb, Twh)

AHD

About  Exit
f(Tdb, Twh)
f(Tdb,EH)

= f{Tdb,EH}
f{Tdb,EH)
=f({Tdb,EH}

AHT'={(Tdb,EH)

Twh

RH=
WP

WD
Tdpl
Tdpd
THI1

Table=
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Lawer Limit Upper £
Tdb [20 [a0

H [50 [100

| nkeryval

—

Faw

Patrn ; 101.325 kPa

=10l x|

Ear

T able

User friendly 3-step design in PsyTable

he intervals
@hist the values

. —|of x|
Twh = {Tdb.RH] Patm : 101.325 kPa
Lowwer Limit Upper Linnit Irterval [tz Message Tub
L Col: Tdb[z0 [a0 d C .
? 2 40 SEEEE = Wiet Bulb Temperature
] e Ine Hzme F IED I-“:":I L iiaiiaaa, O % [in degree C)
Twh |wBD |RH | wPD | wPD' | Tdpl | Tdp2 | THI | T o[ »] |i Clear | Quit |
the ranges ==
i B P A A - P - T I -
50 1459 1533 162 17 178 1861 1941 2022 2103 2184 2265 2346
55 1447 153 1612 1695 1777 186 1943 2026 2108 2191 2275 2358 2442
B0 1515 1599 1684 1768 1853 1933 2023 2107 2193 2278 2363 2449 253
B5 1581 1667 1754 184 1927 2014 21001 2187 2275 2362 2449 /3IF /A S
70 1645 17.34 1822 1911 1999 2088 2177 2266 2355 2444 2533 2623 2713 i
75 17.09 1799 189 198 207 2161 2251 2342 2433 2524 2615 07 99 :
g0 1771 1863 1956 2048 214 2232 2325 2417 251 2603 /I 78I 2|E2 S
a5 1833 1927 202 2114 2208 2302 2396 2491 2585 265 2774 2869 2964
a0 18.93 1989 2084 2.8 2275 2371 2467 2563 2659 2755 2851 2948 3045
1953 205 2147 2244 2341 2438 2536 63T 273 2829 2927 3025 3.4
20 21 22 23 24 s S 27 28 29 a0 k1l 32
i
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Table 1: Twb = f(Tdb, RH)

2 22 24 2b 2 Al 32 34 b g 40 42 44
all 1373 1% : . : . : . : . A4 3358
2] 1447 1612 1777 1343 205 2275 2442 2603 2773 2347 G108 3283 346
Gl 515 1684 1853 2023 2133 Z3k3 Z534 A7 28V 53 3228 3404 35
=] nal 1754 1927 2101 2275 2449 2625 2801 298 Ja156 3335 3BE 3R
il A3 1822 1393 2177 2355 mn&% 0744 3250 3433 GB24 3803
73 3 183 207 2251 2433 Q15 983 31E) 3353 384 37A8 39707
Al A 1956 214 232 AR 2RAR 2882 307 23 3448 B39 383 4023
=] B3a\202 2208 2336 Zheh 2774 ZA9Rd 3156 348 Gh41 37Eh 393 41G6

30 893 Xad 2275 24B7 260P8 2851 3045 3239 D 3631 3828 4027 4276
] 1353 2N 2341 2RGR A7 2327 24 33 Jahl G713 332 A1 432

100120 22 24 2b 2 Al 3 34 b 3 40 42 44
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" Table 2: WBD = f(Tdb,RH)

o0 |2z |24 |z 28 a0 sz |34 |3 |38 (a0 (42 a4
50 |61 GE1 7 739 778 B16 854 891 927 952 995 103 1062
55 |553 580 623 G5T G927 725 7ER 791 822 853 882 911 938
60  |455 516 547 577 G07 G37 GGE B9 72 747 772 796 619
65 [419 446 473 499 525 551 575 599 E2? G4  GE5 684 7.03
70 |355 378 401 423 445 467 487 507 526 544 561 576 541
7 |za1 31 33 W B 5 401 417 433 447 45 477 483
a0 229 244 25 W B4 318 33 341 3E2 31 37 377
85 167 18 192 204 215 226 235 244 252 253 265 27 274
a0 107 116 125 133 141 143 155 161 165 1E3 172 173 174
%5 047 053 059 064 069 073 076 079 08 08 08 079 076
00 |0 0 b0 0 b0 0 o0 0 b0

Wet Bulb Depression is the limit of
evaporative cooling methods.

» ~: - '
h‘Mim& Tk
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Table 3: RH = f(Tdb,Twb)

I 22 24 26 20 al a2 24 ab a8 40 42

I 100 R Bt - : : : A7 855
22 Aa 100 8343 (7045 5343 5015 4216 20024 1BS57 1342
24 Ao MAA 100 8434 184 B118 B206 2663 2238 1867
26 A MAA NAA 1000 837 YRl BETE aaba 2867 2454
20 Ao MAA NAA S NAA 100 BREE V43 .24 3549 5045
al MAS M NAA MAA 100 BR.YS 4344 4288 5¥13
a2 M A2, A M WAA 100 bea3 5083 4456
24 AN A Ao MM WA TNAA B/96 5958 5213
ab M N HAA Ao MM WA TNAA /.23 BB93  BOES
28 A A Aa o MINAA NAA TN BA.EY 7318 EB3EY

40 F MAS  NAA WA NAA WA
42 MAA MY MAS  NAA WA NAA WA
4 MAA  MAA N NAA N NA NAA S WA

o0 3019 7362
MAS 100 3057
MAS  MAA 100
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B > ——a
Table 4: VPD of air, Table 10: AHD

¥

98 Porvtable
“WFD = ([T db,RH)=Pws@Tdb - Pw@Tdb . Patm 101,323 kFa
Loweer Lt Upper Lirnt Inlizrs) itz Message VED:
Col: Tdb I degree C '
IED |4EI EENEEEEEE. . Wapor Preszure Deficik of Air
Row: RH [50 {100 U I - A [in kPa]
Twb | WED | RH wPp  [WPD' | Tdpl | Tdp2 | THIT | T 4 | h| Clear Gl uait
—WPD Table
20 21 22 23 24 25 25 27 28 23 20 a1 32 .
alll 1244 1.322 (1405 (1493 16585 (1682 1.7834 1891 2004 2123 2248 2373 ¢

55 .08 1119 113 1265 1.343 1426 (1.513 16805 1.702 1804 1911 2023 2141 G
=11 0936 0935 1.058 1124 1134 1.268 (1.345 1,427 1.515 1603 1635 1.738 1.303 :
E5 0.819 0.5/ 0926 0334 1.045 1903 1177 1.243 1.324 1,403 1436 1574 1665
il 0702 0746 0733 0843 0836 0551 1.008 1.07 1135 1202 1.274 1.349 1.428
7a 0585 0622 0OBE1T 0703 0746 0792 0841 0892 05346 1.002 .02 1124 1113
al 04658 0433 0523 0562 0537 0634 0&73 0713 0756 0802 0543 0839 0352
85 0351 0373 03237 0422 0443 0475 0504 0535 0567 060N 0637 0674 0714
30 0234 0243 0264 0281 0233 0317 033 0357 0578 0400 0425 045 0476
43 0117 0124 0132 0141 0143 0715 0168 0175 0183 02 0212 0245 0235
0 0 0 0 0 0 0 0 0 0 0

—_— =
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VPD=Pws@Tdb — Pw@Tdb
AHD=Sat. AH@Tdb — Sat. AH@Tdp

(7

a2
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TR

E P ZE:::.rtiEI_h ]_E-

_: :EEI - f[Tdh,HH]=PW@TWb : PWEI ﬂtg ~ F'Eltl'l'l . 1':” 325 H:'EI
Lower Limit Upper Lirnit Intarval Uitz Message VED"
Col:  Tdh | | d C '
. 20 40 P 1 =aIEs Wapor Prezsure Deficit of Air

Row: RH [50 [100 T % [in kP

Twb | WEBD | RH YED wpD' | Tdpl | Tdp2 | THIT | T 4 | p| Clear i
WPD' T able
20 21 22 23 24 25 26 27 28 29 a0 1 32

Al oy 0427 0436 0445 0454 0463 0472 042 0433 0495 0503 057

[
25 0362 037 0578 0336 0333 04001 0407 0414 042 0426 0432 0438 0443 1
&0 0318 0328 03531 0337 0343 0343 0354 0353 0363 0368 037 0376 038 I
ED 0276 0281 0286 0231 0235 0293 0302 0306 0303 0312 0315 0317 0319 I
Fil 0235 0238 0242 0245 03248 0251 0253 0255 0257 0289 026 0262 0263 I
/5 0135 0197 0.2 0202 0204 0205 0207 02082 02082 0208 0209 021 02 O
[
[
[
[
[

=il 0156 0158 015%3 016 0161 0162 0162 0162 0162 0162 0161 0161 01R
=] 0113 012 012 0121 01A 012 012 0113 0118 0118 01F 0116 0115
30 0054 0034 0083 0033 0052 0031 003 00/ 0078 o007 007 0075 0074
35 0043 0043 0045 0047 0045 0044 0043 00417 004 0035 0037 0037 0036
0 0 0 0 0 0 0 0 0 0 0 0
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VPD’=Pw@Twb — Pw@Tdb
AHD’=Sat. AH@Twb — Sat. AH@Tdp

(7

a2
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.j Psytable

Table 6: T'dp

Tdp1 = f(Tdb,RH) Patrn : 101.32
Lower Limit Upper Limit Interval Units Message Tdp
Caol: Tdb |2u |4c| '._.J—. i 2 degree C Dew Point Ter
Row: RH [50 [100 T % [in degree
Twb | WBD | RH | VPD | VPD' Tdpt [Tdp2 | THIT | T« »]|: Clear | “3 Psytable I Etls I E 1 - E I
Tdp1 Table Patm - 101.32
20 2z Jz2a |z lezm 3o [z fa4 Iz [ a0 | Tdp2 = f{Tdb, Twh) e
50 : 1096 1279 1462 1645 1829 2014 2198 2383 2568 2752 Lower Limit Upper Limit Interval U nits Message Td
55  |1055 124 1425 1611 1797 1983 217 2357 2544 2731 2319 . 20 o — p:
B0 [11.88 1373 156 1748 1937 2126 2315 2504 2693 2883 3072 Col: Tab[20 40 i ., 2 degesl Dew Point Ter
B5 [1307 14965 1686 1876 2067 2258 2449 2641 2832 3024 3215 Row: Twb[20 @0 e nells :
70 [1421 1612 1804 1996 2189 2382 2575 2769 2962 3156 3349 20 40 PR 2 - ELSa
75 [1528 1721 1915 21.09 2304 2499 2694 2889 3084 3279 3474
80 |1629 1824 202 2216 2412 2609 2806 3003 3199 339 3593 Twb |WBD |F=H |*JPD |‘JPD' |po1 Tdo2 [THH 1T « Clear
85  |1725 1922 2119 2317 2515 2713 2912 311 3308 3507 3705 LI ) —
80 [1818 2014 2213 2413 2613 2812 3012 3212 3412 3612 3811 Tdp2 Table
95 [1903 2103 2303 2504 2706 2907 3108 331 3511 3712 3913
20 22 24 26 28 30 32 34 36 38 40
s |z x % B A ¥ |3 % g 4 20 O 1575 1781 1684 1582 1473 1356 123 109 936 762
6 Tdpl =f(Tdb,EH) 22 IN/A 22 203 2008 1923 1834 1739 1638 1529 141 1281
24 MN/A M A4 24 2304 2232 2158 208 1997 1908 1813 1711
7 pog — f{Td_h! TWh:' 26 MNAA M4, MNAA 26 2518 2456 238 2321 2248 2163 2086
- 28 MNZA, M /4, MNZA, M/, 28 2733 2678 262 2558 2493 2423
THI]_ = f{Tdh RH:' 30 NS N/A NA&  N/A NZ& 30 2948 2899 2847 2792 2733
— 3 32 M4 M A4 M4 M4 M4 MNAA 32 363 3113 3073 3022
THIE — f{']:'dh TWh:' 34 MNZA M4, MNZA M4, M4 N4 N/a 34 33.78 3338 3295
- : 36 MNZA, M /4, MNZA, M/, N4, N4, NZa NAA 36 3592 3555
HHD —_ f{Tdh RH} 38 MN/A M A4, M/ M4, MN/A N4, N/ NAA N/ 38 3804
— 3 100 MNZA M A4, M4 M4, M4 N4 N/ NAA MNAis N4 40

AHDY ={iTdb,EH)
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2 Psytable

THIT =f[Tdb.RH]=T db+0.36*T dp+41.2
Lawer Limit  Llpper Limit Irterval [dnits

Caol: Tdb |'|E |4|:| 'I'I,lﬁ 2 degreeC

—Meszage

—

Patm : 101,325 kPa

Temperature Hurmidity [ndes

THI:

Row: RH [35 [100 ——=——1; 4 fin degree C)

WwBD | RH | wPD | wPD' | Tdpl | Tdp2  THIT |THIZ | &4 »]]: Clear | Quit
~THI Table

I i O FE R T - - O - T S - T
35 BO.OS 6267 6528 67.9 7053 7315 7575 78.41 G104 9367 863 8004
40 |58.08 G071 B334 G597 BBE 7124 7383 7REZ 716 918 8445 8709 9974
45  |5866 B1.3 5394 GG5I G923 7188 7453 7RIS 79.84 82439 8514 575 9045
50 |5919 G184 G449 G715 BAS 7246 7512 TR.TY 8045 8311 575 8544 9111
55 |59.68 G234 B5  GTEE 7033 73 7SET 7E34 8101 8363 BE35 89.03 9171
B0 |60.13 B28  E547 G814 TOEZ 7349 7617 7RSS 9153 8421 869 8958 922
65  |6055 B323 E59  GB5I 7127 796 7EE4 7933 8202 8471 E7.4  90.09 9277
70 |60.94 B3E3 BE3 B9 71 7439 FRO8 A7 8247 8517 G7.85 9056 9325
75 |63 401 BEF 694 7203 7A7I 7743 802 829 856 883 9101 9371
80 |F1.66 B435 E7.06 G977 (7247 7518 7TES 8059 833 8601 8R.7Z  91.43 9413
85  |s2  B47 ER41 7012 (7283 7EE4 7825 8097 8368 864 811 91.82 9454
90 |e23 BROZ G774 7045 (7317 7RA89  7SE1 8132 84.04 B6TE 8945 922 9492
95  |e261 B533 6205 7077 7349 FE22 7894 B166 8439 8711 8984 9256  95.29

84.72 5744 9016 9288 956

100|623 6562 B335 71.07 Y38 ¥ES3 326 81.93

8 THI1 ={{Tdb,EH)
O THIZ =£{Tdb, Twb)
AHD =1iTdb,EH)
AHD ={(Tdb,EH)

& N ) e

THI, Temperature Humidity Index -

_H Psytable

~THI2 = (Tdb, Twh)=Tdb+0.36"Tdp+41.2 | i

Lower Lirnit  Upper Lirnit Interval Units Message THI:

Col: Tdb | | = degree C :

20 40 pheaiee 2 g Temperature Hu

FRow wa|20 |4[| .2 dearee C [in degre

WBD | RH | VPD | WPD' | Tdpl | Tdp2 | THN  THIZ [A«|»|  List | Clea

-~ THI2 Table

20 f22 J24 J26 f28 |30 |32 |34 |3 |38 |40

20 }6835 (6995 7161 7326 7489 765 7808 7963 8112 8257 8394
22 [N/A 7107 7272 7443 7612 778 7946 811 827 8428 8581
24 IN/A  N/A 738 7549 7724 7897 8063 8239 8407 8573 87.36
26 [N/A  N/A N/A 7653 7827 8004 818 8356 8523 87.01 8371
28 [N/A N/A N/A N/A 7926 8104 8284 D463 0641 8817 8992
30 [N/A N/A N/A N/A N/A 8199 8381 0564 8745 8925 91.04
32 [N/A N/A N/A N/A N/A N/A 8472 86859 8843 9026 9208
34 [N/A N/A N/A N/A N/A N/A N/A 0744 8936 9122 9306
36 [N/A N/A NAA NJA NA NJA N/A N/A 9016 8213 94
38 [N/A N/A N/A NJA NA NZA NJA NJA N/A 9288 949
40 [N/A N/A NAA NAA NAA NJA NJA NJA N/JA NZA 956
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B*C sefemne 24 °C ——af 191':—- 29°C -—4—13 %I-M‘Cq
Y vy

u
W% |
68.47 |

13%

i
T

1 sl : Jd L 1
43 183 163 IT3 B85 195 205 218 228 2385 245 238 283 218 285
DAYS SINCE BEGINNING OF LACTATION

8% L’H%
72.32
:

| >8!

5.09 75.73: 79.96

>
-—o----

|
44% { 0%
|

|

ESTIMATED NORMAL
DECLUINE INMILX

P'RODUCHON

!
"*-..-.

1-4-

T1%

63.7

Adapted from ASHRAE

Fundamentals, 1999
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'
—
o

KEY |[kg'day)
Fa) 23
Osesecese 18
D v e 14

-

MILK PRODUCTION DECLINE, KGIDAY

|
&
w

f“-_—‘

THI = 1, 1°Cl+ 0.3641,, }
| | 1

> &

'
~
-y
(=}

U

Temperature-Humidity Index (THI)

Milk production decline vs.

I P -

72 n

T 8570%

‘C+412

s

74 75 e 77 ia
TEMPERATURE-HUMIOITY INDEX

A{c?apted frgron ASHRaAtE
Fundamentals, 1999
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I MP = f(HD74, HA80S)

MP =21.48 - 0.051 * HD74 — 0.0099 * HAB80S

where,

MP: milk production per cow per day (in kg/day/cow)
21.48: regular MP amount (in kg)

HD74: total hours of THI > 74 for previous 4 days
HAB8O0S: square of total hours of THI > 80 for previous day

Linvill and Pardue (1992)
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Iso-THI lines

Pw.kPa
100% — . 3535

THI=91 80% —»5 0058

4301

0.0272

§.B517

. 9534

humidity ratio, kg/ky

0.0165
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1tal Paychrometroie Chart
Tables About  Eaat

WED =fi{Tdb,EH)

EH =f{Tdb, Twhb)

VPD =f{Tdb,EH)
VED' =1(Tdb,EH)
Tdpl =f{Tdb,EH)
Tdp2 =1(Tdh, T'wh)
THI1 =f{Tdb,EH)

THIZ =1(Tdh, Twh)
LHD =f{Tdb,EH)
LHIV ={iTdb,EH)

Table 10: AHD or HD

=t

- K

Ty Psytable

AHD = fTdb RH=S aturateddH@T db - SaturatedAH@T dn Pelims Vlile20 e

Lower Limit  Upper Lirnit Iteral Uitz Message T

Cob: Tabte = fo - TFT 2 degeeC Absolute Humidity Defici

Fow: RH [35 100 A 4 [x0.007 katkg D)
YPD | WPD' | Tdpl | Tdp2 | THI1 | THIZ  aHp |&HD' |« o | List Clear | Quit |
AHD Table

16 |18 oo |22 |24 e |22 fao [z a4 | | Jao |

5 0455 9635 1095 12444 14106 15964 18042 20365 2201 25853 29108 32730
40 |gEs7 7a3? 8927 10454 11528 13067 14788 16713 18864 2127 23953 26958 30.335
45 |ga0m 7205 2213 9242 10606 12021 13603 15373 17351 19563 22037 24805 27.905
B0 |5757 E577 7495 8525 9672 10963 1241 14022 15826 17.842 20038 22624 25 454
55 |520% 5944 6774 7704 BF44 9908 11.208 12663 14.289 16108 18143 20422 22975
B0 |4E47 52309 6043 627D FS05 884 10 11.294 12741 1436 16172 18.202 2048
B  |4089 457 5321 G045 BSE1 FFEI A7EI 4916 11183 126 14185 15954 17.959
70 |3528 4029 4593 5214 5912 GBI 7RE 853 9R15 10827 12185 13708 15.417
75  |79FF 3395 3554 4376 4958 REOF 329 F136 803 9043 1017 11.434 12354
a0 |24 271\ 3115 3534 4 AR17 5092 5733 G440 7247 814 9143 1027
85 |1832 209 2374 2689 3037 3422 3849 4323 4851 5439 6097 6534 7664
o0 (1263 1433 163 1833 2063 2322 2F99 2905 3244 362 4039 4509 5.03%
95 |oemr 0784 0992 0997 1092 1216 1343 148 1E28 173 1988 2167 2397
100 |o 0 0 0 0 0 0 0 0 0 0 0

1]
_— 'I e
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1tal Paychrometroie Chart
Tables About  Eaat

:[u;tj:=:filk1thfaf{}
WED =fi{Tdb,EH)

EH =f(Tdb, Twh)
YPD = f(Tdb,RH)
YD = £{Tdb,EH)
Tdpl = £{Tdb,EH)
Tdp2 = fiTdb, Twh)
THI1 = £{Tdb,EH)
THIZ = £{Tdb, Twh)
AHD = £{Tdb,EH)

211 AHD'=f(Tdb,EH}

Table 11: AHD’ or HD’

Za Psytable

AHD' = f{Tdb,RH]=5 aturateddH @ T wb - SaturateddHEGT dp

Lower Limit  Upper Limit |mterval

I rits

Cal. : Tdh|15 |4n T;T—jjjj—jjj 2 degeel

Patm : 101.325 kPa
Meszage

AHD"
Ahbzolute Hurmidity Deficit

a

Row: RH |35 oo o s % (0.001 kgskg DA)

WPD | WPD' | Tdpl | Tdp2 | THI | THIZ | AHD appe |« [ List Clear ‘ Quit |
AHD' Table

16 |18 J2o 2z |24l Jeg fs0 f32 |34 |z |z |40 |
35 323 3457 3691 3904 4126 4347 4566 4783 4998 5212 5423 563
A0 2776 2977 3178 3376 3573 3FE6 3955 4141 4372 45 4673 4843 5008
45 2544 274 2807 3077 3246 3411 3571 3724 3672 4014 415 4781 4405
B0 2315 2475 2631 2792 2926 3064 3195 3318 3434 3543 3645 374 383
B5 209 223 2365 2493 2613 2726 2829 2924 3011 3089 316 3223 3282
B0 |1.868 1.99 2104 221 2308 2396 2474 2543 2602 2653 269 2733 2765
B5 165 1753 1849 1.934 201 2076 2131 2176 2211 2237 2256 227 2281
70 |1.436 1522 1539 1666 1722 1767 1.8 1.824 1.837 1.843 1.842 1.837 1.833
75 1226 1296 1356 1404 1442 1468 1483 1487 1482 147 1454 1436 1.422
g0 102 1.075 1119 1181 1172 1181 1173 1167 1147 1121 1.034 (1.068  1.05
g5 0819 0859 0885 0906 0911 0906 0889 0864 0832 07 0763 07M 0713
90 |0E2? 0649 0GES 0669 0651 0643 0615 0579 0533 0498 0452 0436 043
95 043 0445 0443 0441 0422 0393 0355 0312 0267 0225 0192 0176 0185
100 |o I I I 0 0 0 0 0 0 I I

@ ’
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VPD
AHD or HD

VRD’
AYD’ or HD’
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4 )

Besides atmospheric
pressure, values of 2
Independent states are
required to derive

'l Psycharts

( - -
Evaporative cooling

\_ otheri/_)

process calculation

N

J

X

Shate IF'TDEEEEI Pad | wPD |

— ™\

find differences
between 2 states

\Vapor pressure
deficit on leaf

.

J
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EH [&0 4

Twh [23E3 degree C
Tdp [M1.26 degree C
AH [o.o1s kafkg DA
H 71.169 kg DA
SV [oem m3/kg DA
Hfg 24254 kldkg
DOS [5887 %

Pws 4245 kPa

Pw |2 548 kPa

Dy bulb teriperature
Fange : -40 <> 70 degesC

' Crosshair— ] [~ Lines & Curves |
Al (T
v RH
i (.\ FaY 7 2H
Al ey ¥ Puw
¥ H
Step [pizels] 2 ¥ 5
= -
v e oo | eisc
- N [ Centralize
Wl NS | | M Unit label

State Calculation

RH
Twib
Tdp
AH

S
Hfg
Dos

Pz
P

=0
2363
21,26
0,076
+#1.169
.35
24254
5597
4 245
2,548

ru:n:eaal Fad I‘-.-"P'D I\

deqgree C

=

degree
deqgree C
kadkg D,
kd kg DA
madkg D,
kd kg

=

kPa

kPa



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

'l -Independent Properties (IP)

Twb [RH |Tdp |AH |[SV |H |hfg |DOS |Pws |Pw
Tdb [IP |IP [IP |IP |[IP |IP IP IP

State IF'HIIEE:EEI Pad I WP

%‘m&-

Tdb

RH
Twb
Tdp
AH
H
S
Hfg
Das
Pz
Pz

EW

=1
23,63
21.26
0.0716
#1.163
0.5581
2428.4
558.97
4. 246

2548

deqgres C

i

deqgres C
deqgres C
kadlkg DA,
kod Akg D,
m3dkg D
kd kg

=

kFa

kPa

LA

.,

Any pair of IP can
be the given values
to derive others.
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One click in Psychart window using left
button of the mouse can define a state

: _iol x|
et Tables About Eait
| ] ; , . State | Procesz | Pad | WPD
Fatrm : 101 <Pa : | | | |
Tdb degree C

FH n 4

Twb [73E3 degree C

Tdp M .25 degree C

AH a1g kgdkg DA
1,164 kldkg DA

S o makg DA

Hfg |24784 kJ kg

DOs [53.97 %

Pz 245 kPa

P R40 kFa

R -

Meszage
Ly bulb temperature
Range : -40 <--» 70 degree C

Crozshair Lines & Curves
[ AF N v T
[v FH
A Y
S | F
TN WY |7 P
v H

Step [pikels] 2 [w 5%

-

= -
THooooooog Mizc.
o g - [v Centralize
o | | # Uit label



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

Process Calculation

£ Process | Pad | WD ;
State 1 State 2 Diff. )
N - State Pad |wFD |

RH [50 39.44

Twb[T375  [15.3 -_ N State 1 State 2 Chiff.

e Tdb [20 [24 [4

H 38545 |42.745 .

SY [0g402 08817 L

gfugs 24526 |2442.92 |9 HH 5':' 3944 '1 DEE
s m e Twb[1275 [153  [1.51

Tdp [315 124 0os
~ &H [00073 Jo.0073 o
Properties of State 2. State 1 H 28545 |42746 [4.201
e ———— U B SV |08402 08517 |0.0115
: A a5 Hfg |2452 6 |2442.92 |-9.68
- (: : DOS|a542  [3872 0.7
Step [pisels] 2 Pws 2 339 2.985 0.646
o Pw 1160 |1.177 Jo.01

> 13 14 15 16 17 18 19 Z 26 27 30 W | | # nitlabel

Crosshair: Tdb:24 00 ,RH:39 44 Current Tdb:23 27,RH0.00, Twh:7.78, Tdp:-25 45, 4H:0.0000,H:23 414,58V 0 8298, Hf 2444 £8,D05:0.00,Fy:0.00 | ﬂal:tl".l'E l ,I'l'l'|:t|'|lu'e

Meszage
Cviff.=
Properties of State 2 - State 1
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Use mouse to define 2 states

State  Frocess | Pad | WFD | 1. To define 2nd state, change
State 1 State 2 Diff. from ‘Inactive’ to ‘Active’
Tdb [20.98 | | first.
RH B0, 76 2. Click in the Psychart window
Twhb[16.08 at the selected state or click
lﬂp ;36334 on the crosshair region to
' move along constant lines or
i 44994 curves.
W 02459
Hig |2450.22 3. Click on ‘Cal.’ to calculate
DOS{E0.17 the difference.
Fuwz |2 485
Fi 11,51
Active | Inactive|  Cal Inactive | Active Lal.
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— Move along prefix lines or Curves I

4 N\ ( ~
Constant Con(sjtsnt Constant
Twb T RH
\_ | \ . y
Crossha —Lines & Curves —
~ W ™
Constant O Constant
HE| Il
po, PW, [ Al ﬁ\ v Pw dp, PW,
\_ AH Step [pfegls] o v ;I"»-" AH )
- coeen | Mis
- : IE C . lize ~
Constant oSt " 1" Constant
RH L Tdb Twb
y, \_ )

hm!m 55
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!Wocess: Move from 1 state to another .

« Sensible Heating (3->4)

« Sensible Cooling (4->3)

* Humidification (4->5)

* Dehumidification (5->4)

* Heating (3->5, 3->1)

* Cooling (5->3, 1->3)

« Air Mixing (1, 2->3)

 Evaporative Cooling, Drying (1->2, 1->3)
« Combination of above (1->2->3->4->5)

‘wvif?- |L-'l'j:l‘:4’-
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ible h

Sens

»

N ]

+=
z
=
(]
[
=
L
=
(=]
=

i
[
=
o
= )
=

Pad |wPD |
Diff.

State 2

|24

State 1

5
i
T3]

' I&hles

4

Tdb |

-10.56

1151
10.09

|39.44
[15.3
9.24

RH |

Tub ]|

Tdp |
aH |

00073 |0

[42.745 |4.20

H

08517 |0.0115

S|

|2442.92 |-9.63

|38.72

Hfg |

-10.7
10,646
0.01

DOS|

|2.985
1177

Puwsz |

Pw |

Inactive | Active

b ezzage

Dvif.
Froperties of State 2 - State 1

Lines & Curves

Croszhair

gl<[T] ™
Cl@lC |3
=t
AEEE:
o0

¥ ¥ LB
o i
[ |

b i .4

[T Centralize
v Unit label

—

Current: Tdb:23 27, RH:0.00, Twh:7 .78, Tdp:-25 45, 0H:0.0000,H:23 414,370 8398, Hf 22444 £3,D0E:0.00,Pw 0,00

Crosshadr: Tdb:24.00 ,FH:39 44
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- Evaporative cooling

* Limit: Outdoor WB Temperature
— Pad and Fan system
— Misting/Fogging with nozzle at one side of the wall

* Limit: INDOOR WB Temperature
— Indoor Spraying/Misting/Fogging
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How to derive AT

AT = WBD of outdoor air x Pad Efficiency
e



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

vaporative cooling of a pad
State IF'rDI:ESVF'D | state | Proces @' 0 | 1. Enter T outdoor

Outdoor  AfterPad = Outdoar  AfterPa 3 2 E .o
Tdb |26 [15.41 Jao T [F <fEa @ < & Lnter Pad efficiency
RH [ o RH [ = 3. Derive others
Twh|1777 |17.86 Twb{17 77  |17.96
Tdp [13 1E.79 Tdp |13 16.79
AH (00094 (00121 AH (00094 [0.0121
H [50185 |50.185 H |[50185 |50.185
SV |0.8R03 [0.5449 SW |0.9603 |0.9449 2. Ent?r T after Pad
Hfg |2438.08 |2454.02 Hfg [2438.08 |2454.02 3. Derive others
DOS{44 17  |0.85 DOS{44.17 085
Pws[3363 [2255 Pws (3363  |2255
Pw [1512 [1.932 P [1513 [1.932
—Meszage —Meszzage
Either &fterPad or EFF. Either AfterPad or EFF.
can be the unknown can be the unknown
—Craozzhair—— 1 [Lines & Curve: —Croszhair—— Lines & Curves
o hesle g = A =
W W
S| | | o i) @ S || an
-~ _ [~ Pw A [~ Pw
] el s s ET
Step [piels] 2 [~ 5y Step [pirels] 2 [~ 5w
=l . =l -
| T T O O O O B O | —|'|,|'||3|:_ g oo oooo oo _M|$|:.
[~ Centralize . [T Centralize
¥ Uit label W Unit label
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Click on “Draw” 1con to visually see the outcome

State ]F'rDCE:SS Fad l"-.:‘F"D ]

| Unis | Patm 101 P
- degree C Ly - c : Outdoor  AfterPad — EFF.
Tdb |26 13,41 (20
RH |45 |55 65
Twb1777  |17.86
Tdp |13 11E.79

AH [0.0034 [0.0121
H 50185 |50.185
5% |0.8603  |0.8449
Hfg [2435.08 |2454.02
DO544.17  |0.85
Pz 3363 |2.265
Pe J1.513  [1.932

Meszage
Either AfterPad ar EFf.
can be the unknown

Crozshair Lines & Curves
P | ) v T
— - v RH
) (\ . [ &H
T AN AE.T [ Pw
[ H
Step [pimels] 2 [ 5Y
SeEm——— Mi
R R A i5c.

. a _@ [~ Cenfralize
ol WA | | W Unitlabel
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Pad Efficiency vs. Air velocity
(2 thickness of pad)

J 10 cm E

e,
=
.
N
:__E
&80
:
§ 70

(0.22 0.5 0.7 l 123 1.3 175 2

Atr Velocity, mis
7N

3 i[ﬁﬂj 7/
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S | TR

v

AP vs. Air velocity (2 thickness of pad)

a1 Veloctity, mis
0.5 | 1.5 2

[

N/

(3]

[

s

: 5
40 [20cm 5
—

.

(]

(]

i

—

[

60
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Saturation efficlency CELdek 7060-15 Pressure drop CELdek 7060-15 “

100 100 ;l J
S
" 4 [ » Irf
_ - a0 _
Zw Pre QR
- ol T r d .
3 ELQG% = _, al
* x _-:-__ +
0 Y 2
" X = 10 .
& L 7
60 “a !
05 1 2 3 4 5
Air velocity [m/s] 2
4
s (=300 mm 0=150 mm Risk of droplat 3 :
- e D=200 MM s D=100 mm (arey field) | Jd1 Y
05 1 2 3 4 5

Air velocity [mys]
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» mhAhr

Volutoetnc Flow rate

Fan curves

Eurocemme Fans

\ —— EM36:0.5hp

—— EM35:0.753hp
ST e EMdBlp D
—4 | —— EM4E:15hp

—— E074:0.5hp
—s— BN 30:0,5hp
—a— BN 30:0.753hp

¢ C—EM50lp D
——— EMS50:1.5hy

Pressure Drop - Pa

40

A A gt L EENE R B B B
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Vapor pressure deficit (VPD) of leaf

State ] F'ru:u::ess] Fad .\

Ar Leaf  Tleaf-Tar
Tdb (2022 [19 [1.22

AH [4523  |100

Twbl1343 |19

Tdp [3.2 19

AH 00068 |0.0133

H 37537 |54.076

SV 02402 0245

Hig |2452.07 |2455.02
LOS{4564  [100

Pws |2371  [2198 YFD
Pee 11096 21383 [1.102

Ciraw |
Meszage

YPDW apar Prezsure Deficit)
The vertical distance between

. b hanzontal lines.
= : [ 1 Ao /

. j [~ Centralize
W Y| Unitlabel

Enter Leaf temperature,
then click on Draw icon.

; el : Plate ] Process] Pad
=t 101 38 <Fa
FEil 101526 kPe At Leaf TieaiNai

TdbJ2022  [19 -1.22

RH [s623 [100
Twb[1343 [19

Tdp 5.2 13

&H [D00ER [0.0138
H [37597 [54.076
SV [08402 [0.846
Hfg [2452.07 [2455.02
DOS[35Ea  [100
Pws[2371 2193 YPD
Pm [T055 [2198 | [1.102

Message
YPD[Wapor Pressure Defici
The vertical distance betwfen
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Other handy features

Shows the line/curves of the selected properties

=10] %]
State l F'rocess] Pad ] VD ] \
b degres C [Lmnas & Curves

o

SRR |

FH % |

Twh [2362 deqree C # T
1.26 deqree C

016 katkg DA |'l|l"| H H
1.169 kg DA

EE m3/kg DA IF ."l".H

4284 kil kg

a7 %
246 kPa E Fia

548 kPa

T
I'U

w
=

jpLajpL e e
-k

-
3

Mesrage
Dy bulb tenperature |
Fange : -40 <--» 70 degree C # SII"'II
Crozzhair ez & Cur )
= | M) - v T
v RH
A
o (" o, W &H
| A | ol 2
v H
Step [pixels] 2 v 5V

= Wi
nfo 0000000 ist.

s b Central
WY B v Ort label
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Shows the line/curves of the selected properties

Patrm 10 Patrm - 101 <Pa

Lines & Curvr Lines & Cury

........

Patm ;10 a ' | Patm
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Other handy features

fa J[=ES

State | Process | Pad | vPD | ZOOI I l I n

Tdb [25 degree C

RH [s0 | %

Twb {78 | degreeC
Tdp [137 | degreeC
AH - [0.0039 kaskg DA
H 5031 kol kg DA

S¥ |oasa m3/kg D&
Hfg  [2440.5 kifka

DO f43.21 %

Pws 3189 kPa

Pw [1585 kPa

Meszage
I addition to Patr, =10 %]

you gtill need 2 properties to
defing a state.

State lP[ocess] Pad ] YFD ]

Tdb |25 degee C

Crosshair Lines & Curves

&

RH [0 =

Twh [175  degeeC
Tdp [137 | degeeC
AH [0o093 | kodkgDa
H 501 | kJfkgDA
Sy [osse1 | m3lkg DA
Hig [z4405 | kl/kg
Dos [ma1 | %

Pws [3169 | kPa

Pw [1585 | kPa

Crosshair Tdb:25.04 ,RH:4950 Move the pivot point, change pixel no. per step and zoom in or out.

Message
I addition to Patm,
wou still need 2 properties to
define a state.

Crosshair Lines & Curves
b ] # T

[+ EH

[ AH

~ [ P

[ H

[ SW

_x
|| )
Y

Misc.
Centralize
Unit label

Crosshair: Tdh:25.04 ,RH:49.59 Current: Tdb:25 09,RH:22 73, Twb:13.09, Tdp:2 40,AH:0 004 5,H:36 642,57:0.8510 : ) @17, P:0.72
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Other handy features

=0l x|

State |F'rncess| Pad I\-"F'D I

Tdh |3a deqree C

RH [g0 ES

Twb (2353 degree C

Tdp (1126 degree C

AH  loog kgdkg DA

H 71.169 kg DA

SV [oss | m3kgDa

Hfg 2428 4 kil kg

DOs [58.97 %

Pws [3246  kPa

Pw [2548  kPa
rMezsage

Dy bulb tenperature
Fange : -40 <--» 70 degree C

rCrosshair———

rLines & Curves—

| |FT
v RH
S QD ||
ey ¥ P
W H
Slel:- [pizels] 2 JLE&\
vioce oo hisc
- v Centralize
L %.g ¥ Uit label

Unit label: to hide or not to hide the labels

iz,
v Centralize

LIIF Unit label
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Centralize: allow the state that user chose to appear at the

er handy features

center of the chart

—LCroszhair

Step [pixels]

=l

—Lines & Curves —
[w T

I+ FEH
[w AH
v P

v H
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ANISCI7047] Smart Production of Livestock

wm& ory - Theory and Practice =~
[

Introducing LetsGrow

A psychrometric software

https://gpe.letsgrow.com/psychro

Wei FANG
NTU BME and Global ATGS
National Taiwan University
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AL ; VPD V: i
100 / P 30 apour Pressure Deficit (kPa) b,
L A/ 7 4 ,“' Vapour Pressure Deficit is the difference between
’6?" o 7 A 7 the maximum possible vapour pressure VPsat at
; ""3_ =+ E the current temperature and the actual vapour
{m?’, il T F 25 pressure VP in kilo Pascal (kPa).
c o M °i 3 - :’; % Note that VPD can also mean: Vapour Pressure
. F. = Fi Difference between the Plant and the Inside air. This
Emhﬂ'm’ {kJJ'kg EII‘} ‘*f ___{{ i Eé,n ¥ ] v - = E Vapor Pressure Difference is shown in the column
7 ﬁ@z‘ - - 20 & ‘Difference” between the VP value "Inside” and VP
Absolute Humidity AH (g/kg) or (g/m3) X y 7 ) I F 71 T = value "Plant”. ‘
60 A 1 o uﬂdﬂn o ()
The Absolute Humidity AH is the number of grams Saturation curve (100% RH) A ALVLL VI LY -y b [=
of watervapour that is actual present per kilo of air — L - . !aalg“: — 15 8
or per m3 of air. "/ 7(_" o :: @
. 40 L = - AT E
) ) - - ] i 4 ] "
Humidity Deficit HD (g/kg) or (g/m3) x A 4 207% < 5
AF “TH A = 10 =
Humidity Deficit is the amount of water vapour in ] P [ P =
grams that is needed to achieve full saturation of 1 20 11 4 = - =d = - [
kilo of air or 1 m3 of air at the current temperature, ] ol e = 1 0%
s — — — — — — —t 5
111+ =1 | -~ |41 | —- = .
Enthalpy (kJ/kg) or (kJ/m3) x R R i iy S s e AN Pt P——— "
The Enthalpy in kJ/kg is the energy content of 1 kilo =L = 1 =t 0% The Dawnoint temperature of the air is that
of air in kiloJoule: the energy that is needed to heat  * B = = 0 Po P .
up 1 kilo of air to the current temperature ( sensible 0 5 10 15 20 25 30 35 40 45 50 55 LZTapliriﬁirfni:::.fmhdﬁ ;I;i:i?;a%?gﬁiri c||: rﬁlt:lm"
heat) plus the energy that is needed to evaporate ) ) air i3 becing oooted down below dewpoint .
the present watercontent (latent heat). The enthalpy Air pressure: 1013 hPa Dry bulb temperature (*C) condensation will occur
in kJ/m3 is the energy content of 1 cubic meter of '
air in kiloJoule. . .
“Zsychro diagram H © More info ‘ Air pressure e:"p 1013  |hF
Outside Difference  ADOVe screen  Difference Inside Difference Plant
Temp e °C 500 Temp  emmm( m— °C 1000 Temp ol °C ~ Temp e - °C
RH —emm(m (70 |% 1000 RH  emm——Cp (80 ]% 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  14.93 g/kg - Absolute Humidity AH  27.15 g/kg 0
Humidity Deficit HD 3.19 g/kg -2.32 Humidity Deficit HD 2.93 g/kg 9.28 Humidity Deficit HD 12.22 gfkg - Humidity Deficit HD 0.00 g/kg i
Enthalpy 33.63 kJ/kg -22.91 Enthalpy 49.33 kJ/kg 17.95 Enthalpy 67.29 kJ/kg - Enthalpy 97.67 kJ/kg O
VPD 0.51 kPa -0.37 VPD 0.47 kPa 1.44 VPD 1.91 kPa - VPD 0.00 kPa
VP 1.19 kPa -0.63 VP 1.87 kPa 0.46 VP 233 kPa - VP 4.25 kPa 0
VPsat 1.71 kPa -1.00 VPsat 2.34 kPa 1.91 VPsat 425kPa - VPsat 4.25 kPa (i R
Dewpoint 96°C -10.7 Dewpoint 16.4°C 3.5 Dewpoint 20,0 °C - Dewpoint 30.0°C
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Airpressure emmm( w1013 [hPa 1 B+ R =% T > 544 0m

Inside

Temp e m “C
RH e (55  |%

Absolute Humidity AH
Absolute Humidity AH
Humidity Deficit HD
Humidity Deficit HD
Enthalpy

Enthalpy

VPD

VP

VPsat

Dewpoint

14.93 g/kg
17.19 g/m?
12.22 g/kg

14.06 0/ BL & S() K& 187K 35 deficit HD 0.00 g/m?

67.29 kJ/ke |

77.45 kJ/m™"
1.91 kPa
2.33 kPa
4.25 kPa
20.0 °C

Difference

12.22
13.84
-12.22

N8 Enthpin 97.67 kJ/k
g 3t :”'j‘; 111.61 I{Jmi
-1.91 VPD 0.00 kPa
1.91 VP 4.25 kPa
0.00 VPsat 4.25 kPa
10.0 Dewpoint 30.0 °C

Plant

Temp (> °C
Bk f 44 P ¥R R 5 100%

Absolute Humidity AH  27.15 g/kg

Absolute Humidity AH  31.02 g/m?

Humidity Deficit HD 0.00 g/kg
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T = BN Moy 1%

Inside Difference Plant

Temp # °C -1.00 Temp # °C

Absolute Humidity AH  21.72 g/kg 1.29 Absolute Humidity AH  23.071 g/kg i)
Absolute Humidity AH  24.90 g/m?® 1.55 Absolute Humidity AH  26.44 g/m?® 0
Humidity Deficit HD 5408 73 >() g"' fE‘.rj; ;"{ ity Deficit HD 256 g/kg O
Humidity Deficit HD 0.277 "1 . Mow =y 4 Deficit HD 2.94 g/m* i

+ 5§ < WIEFE L

Enthalpy g4.1. ..~ e e, 86.38 kJ/kg ©
Enthalpy 06.49 kJ/m? 2.79 Enthalpy 99.28 kJ/m* @
VPD =VPsat - VP 0.85 kPa -0.435 VPD 0.40 kPa i ]
VP 3.40 kPa 0.217 VP 3.61 kPa i )
VPsat 4.25 kPa -0.24 VPsat 4.01 kPa i )
Dewpoint 26.2 °C 1.0 Dewpoint 27.2°C [

: .O"‘ ; .
[ 2530920
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H i FiE N 7
100 A7y r 30
L {17 7 7
il ¥ 3
% — "
GROW Arn e
COM 0 ST 3
Enthalpy (kJ/kg air) 4 Yre6% 2T AT : Z
. Ao AR 20 S
P F ' F 7 = s
60 A4 [ - L‘ﬁd% 7 3 o E
. . .
Saturation curve (100% RH) A — 4 - S - " §
_" o ‘/ i ‘{0 _/"
r / ] L"‘J - L E
pdrdPa 1 e [ I . 3
40 _Ax r N " L = ©
= v -l o
»y2 Jfféq 1 “ -1 < il = k-] 3 = 10 =
: ’J‘ _i"" ,—"'-\-3 J"’ ol " - - e ™
= o =
¥ 20 e e i 'H.f :-"‘-L-..‘ =T = + = P — -
V. ] ll El L4+ 1 -1 =
Sm 0 e e e T e T T S Sum
p = = BRSN 0% 0
1& -10 5 0 5 10 15 20 25 30 35 40 45 50 55
I Air pressure: 1013 hPa Dry bulb temperature (*C)
| ~ Hide Psychro diagram Air pressure :;:s 1013  |hPa
Outside Difference  AbOVe Screen  Difference Inside Difference Plant
Temp =;=t "C 0.00 Temp :;p "C -4.00 Temp :;: "C -1.00 Temp 5;5 "C
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 LiJ
Absolute Humidity AH  18.75 g/m?® 8.47 Absolute Humidity AH  27.23 g/m?® -2.33 Absolute Humidity AH  24.90 g/m?® 1.55 Absolute Humidity AH  26.44 g/m® i}
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 o
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* o
Enthalpy 65.04 kd/kg 29.02 Enthalpy 24.05 kJ/kg -0.89 Enthalpy 84.16 kd/kg 2.2 Enthalpy 86.38 kJ/kg @
Enthalpy 76.07 kJ/m? 30.20 Enthalpy 106.27 kJ/m? -9.78 Enthalpy 26.49 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 (i ]
VP 2.53 kPa 1.19 VP 373 kPa -0.33 VP 3.40 kPa 0.21 VP 3.61 kPa (i ]
VPsat 3.17 kPa 215 VPsat 5.32 kPa -1.08 VPsat 4.25 kPa -0.24 VPsat 4.01 kPa (i ]
Dewpoint 21.3°C 6.4 Dewpoint 278 C -1.6 Dewpoint 26.2°C 1.0 Dewpoint 27.2°C o
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Maoisture conte

Outside

Temp e °C

Absolute Humidity AH  16.03 g/kg

Humidity Deficit HD
65.04 kJ/kg

»= 20% =1 1o
- L1
o o] L]
2 = =i
= D
- = = - Eacam 5
Seeeca m= FHH AT =
- o
v
0 o 0
-5 30 50
Dry bulb temperature (*C)
Air pressure EOE 1013 |hPa
Difference Above screen Difference Inside Difference Plant
9.00 Temp emmmm=( °C Temp emm—(_m °C 000  Temp emmm=im °C
-10.00 — % RH e s [E] % 45.00 RH %
8.06 Absolute Humidity AH Absolute Humidity AH  14.93 g/kg 12.22 Absolute Humidity AH  27.15 g/kg i
6.32 Humidity Deficit HD Humidity Deficit HD 12.22 g/kg -12.22 Humidity Deficit HD 0.00 g/kg 0o
20.02 94.05 kJ/kg Enthalpy 67.29 kd/kg 30.38 Enthalpy 97.67 kJ/kg @
0.96 VPD 1.91 kPa -1.91 VPD 0.00 kPa (i ]
1.19 VP 2.33 kPa 1.91 VP 4.25 kPa 0
2.15 VPsat 4.25 kPa 0.00 VPsat 4.25 kPa (i )
6.4 Dewpoint 20.0 °C 10.0 Dewpoint 30.0 °C o
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| Psychro diagram X +

< — C @& gpeletsgrow.com/psychro ® a &2 * »

| Psychro disgram | Gea location

M A

FTITATFITATTIFTITTFIFOITTTFR

| Psychro diagram b +

&< - C @& gpeletsgrow.com/psychro H a 2@ * B

5 GROW
X oM

“ Psychra diagram Geo location Energy balance ” Muoisture balance | Maisture control | ‘
1z A |
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|- Psychro diagram X -+

& C @& gpeletsgrow.com/psychro Q4 ©» W

| Paychro diagram Geo location

Ne A
Outside Difference Above screen  Difference |nside
. x .
|~ Psychro diagram o+ - 00 Temp O [19 |c
RH e -TO % 8.00 RH e -TB %
< C' & gpeletsgrow.com/psychro
Absolute Humidity AH ~ 9.04 g/kg 1.70 Absolute Humidity AH  10.73 g/kg 12.34 Absolute Humidity AH  23.08 g/kg
Absolute Humidity AH  10.87 g/m? 1.99 Absolute Humidity AH  12.85 g/m? 13.58 Absolute Humidity AH  26.43 g/m?
Gm Humldlty Deﬂcn HD 3.87 g/kg -0.85 Humidity Deficit HD 3.03 g/kg 1.04 Humldltyr Deﬁcn HD 4.07 g/kg
coOM Do =i it -1 Humidity Deficit HD 3.63 g/m? Ll o
En‘[halp}.r 40.61 kJ/kg \ Enthalpy 45.85 kJ/kg
| Psychro diagram Geo location Moisture balance Maisture control | — — Enthalpy 54.90 kJ/m? c
A VFD 0.62 kPa -0.14 VPD 0.48 kPa 0.15 VFD 0. 64 kPa
VP 1.44 kPa 0.27 VP 1.71 kPa 1.89 VP 3.61 kPa
VPsat 2.06 kPa 0.13 VPsat 2.20 kPa 2.05 VPsat 425 kPa
Energy balance of the greenhouse Dewpoint 12.4°C 26 Dewpoint 15.1°C 121 Dewpoint 27.2°C
Solar radiation o p— W/m2 %o £ 2 %
Radiation inside . ExtraHeat = (Radiation* 5 i% &) — (U*dT)
greenhouse @ [ % 35+ Energy balance of the greenhouse

Calculated energy input ~ 400.00 W/m? =[500*08 - 0*(30-18)]*3600/1000 kJ/mzh
— AEnthalpy=87.54-40.61=46.93 kl/kg Soarradaton =[50 _|wire

greenhouse @=—[0__ Jwmx Ventilation=ExtraHeat/AEnthalpy e, AL
=400%*3.6/46.93=30.69 kg/m?.h
Required ventilation rate to

! . Estimated U-value
compensate energy input 30.69 kg air/m2.hour iii— - W/mz.K

— reentonse
ExtraHeat=[500*0.8 - 10*(30-18)]*3600/1000 kJ/m?.h S ———

AEnthaIpy=87 54_40 61=46 93 kJ/kg compensate energy input 21.48 kg air/m2hour

“}entilatlctnq-ExtraHeat/AEnthaIpy (400-120)/46.93=21.48
Tt
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sychro diagram H Geo location H Energy balance H Moisture balance H Moisture control “

oisture balance of the greenhouse

— Outside — Inside
Temp 18 °C Temp 30 °C
RH e (70 % RH ) (85 |%
Absolute Humidity AH 9.04 g/kg Absolute Humidity AH 23.08 g/kg
Ventilation rate 21.48 kg air/mzhour :Ariffg?;:ftri::r o g/m2.hour N et M Oistu re ba Ia nce = M Oistu re
Max: 1000 g/m2.hour o .
Value from Energy balance removed — Crop evaporation — fogging rate

Fogging rate v‘—* Dglmz,hour Net moisture balance -251.58 g/m2hour — 301.58 —_— 50 - O = 251.58 g/ mz.h

Result:
The RH in the greenhouse will decrease.

AHD =23.08 - 9.04 = 14.04 g/kg air
Moisture removed=
21.48 * 14.04 = 301.58 g/m?.h

Psychro diagram H Geo location H Energy balance H Moisture balance H Moisture control

Moisture balance of the greenhouse

— Outside — Inside
Temp 18 °C Temp 30 °C
RH —r % RH e %
Absolute Humidity AH 9.04 g/kg Absolute Humidity AH 23.08 g/kg
Ventilation rate 21.48 kg air/m2hour Crop evaporation vl— g/m2.hour
. . Min: 10 g/m2.hour
> Net Moisture balance = Moisture Mex: 1000 g/me howr
WC removed - Crop evaporatlon - fogglng rate ‘ Fogging rate G g!mz,hour ‘ Net moisture balance -151.58 g/m2z.hour
=301.58-50-100=151.58 2.h o
-_— o - = - . g/ m . — The RH in the greenhouse will decrease.
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Moisture control by injection of outdoor air

— Qutside — Inside
Temp — e [T | rem —m [0 |'C Moisture exhaust= AHD x Fan capacity x Density, .qeair
RH e (70 |% RH ) (55 |% = (23.08 —9.04) x 10 x (26.43/23.08) = 160.778 g/m2.h
Absolute Humidity AH 9.04 g/kg Absolute Humidity AH 23.08 g/kg
— Fan outside air — Moisture exhaust ! Inside
Greenhouse area () m— m2 Moisture exhaust 160.8 g/m?.hour Temp  emm— 30 |¢
Capaci e |10 m3/mz2.hour \ J RH e ) [85 % . .
Tofal ﬂ;[)yw m3z‘hour — Air conditions in the crop Air density
) Temp ':(_1: °C Absolute Humidity AH  23.08 a/kg } =(26.43/23.08) = 1.1451473
Electrical power - . Absolute Humidity AH  26.43 g/m?
Pressure differenc . —— * Humidity Deficit HD 4.07 g/kg
duct 11000 | Pascal Absolute Humidity AH 24.43 g/kg Humidity Deficit HD 4.66 g/m? = (4-66/4-07) =1.144963
Efficiency ':CE %
Fan power 277.78 W —Moisture transport through crop
Crop height (_): m
T — rop h ]
eat exchanger Diffusion 0.332 g/m2.hour
2 A . A . N
Power . 38.21 W/m L Alr movement 028 cm/sec Moisture control by injection of outdoor air
Electrical consumption 13.76 MJ/hour N~~Jotal moisture transport 279.99 g/m.hour
S

\ — Qutside —Inside

Elec. Consumption = Temp ':(‘;;: °C Temp ':(;;: °C
. e Power * Area = 38.21*100 = RH e -70 % RH e -85 %
Fan power = dP x 0.27778 / Efficiency 3821 W = 3821*3600/10° Absolute Humidity AH 9.04 g/kg Absolute Humidity AH 23.08 g/kg
= 1000 x0.27778 /1=277.78 W MJ/h =3.821*3.6
=13.7556 |V|_]/h — Fan outside air — Moisture exhaust
Greenhouse area C‘: mz Moisture exhaust 160.8 g/m2.hour
?:E(;:?w - r:‘n;f:gs:wour — Air conditions in the crop
Electrical power Temp ':[vp c

Pressure difference = RH e— %

duct Pascal Absolute Humidity AH 24.43 g/kg
.. Efficiency %
Fan power = dP x 0.27778 / EfflClency Fan pm'v/\ 69.44 W — Moisture transport through crop
— Crop height C}: m
= = =
100 x 0.27778 /0.4=69.445 W Y= . 557 oo
Power 38.21 W/mz2 Air movement 0.28 cm/sec

Electrical consumption 13.76 MJ/hour Total moisture transport 279.99 g/m2.hour
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Examples of using Psychart
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- Properties

1. Under 1 ATM, the Tdb of moist air i1s 20 °C » RH 1s 50 % >
what Is the humidity ratio (absolute humidity, AH), degree of

saturation (DOS), dew point temperature (
and wet bulb temperature (Twb)?

hm!im&. Lk

dp), enthalpy (h),



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

Set the atmospheric pressure
Patm

[ J— -

2 Digital Psychrometric Chart
Tablez About Emat

Patm - 101325 kFa

02419

B

L%y
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Fatm :

T :degeel’

aH o kadkg Da

!

L o
dio oftls o

X
- R

!
}
|
|
|

I e R T s

. ol L
A B I

1} &
L I

/ --,\'. Crosshatr: Tdb:29.87 ,RH:51 .80
=%
o

’ »
‘ .J.I /j'

e
(7
|

i
[

F il S Y

i

— == ==

g s

Atmospheric Fressure

101.325 kPa

-

g P . ]

v
i,
|
|

- P
(%] =

PR S

Elenation

1

;
gl

- - L=
=

R Rt B

=l
—
[mn]

Twb
Tdp
&H
H
S
Hfg
Dos
Pz

x

20

.................................

.................................

k=hair

1
3

379
15
0073
2.545
L8402
4526
3.42

163

FH |80

SRR T

- [Blx]

State lF'run:ess] Pad ]"»-"F"D ]

Tdb |20

degres C

=

degres C
degres C
kgdkg DA
kel Aeg D
m3d kg D
kd Mg

=

kPa

kPa

Iy addition ta Patm,

wou #till need 2 properties o

define a state.

1o]E;
|3

-

Step [pixels] 2

dD

—

Lines & Curves
w T

v RH

v &H

v Py

v H

[w SW

Mizi.
[ Centralize
[w  Llnit label

Coeent: Td b4 62,RH:100.00, Twhb:4 62, Tdp:4 62,4H:0.0052,H:17 842,570 7926,Hi g 2489 82,006 100.00,Fw:0.85
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N i~ [y el Lo =1 5l =1 [0 A A = 5 4 A q m _
ik} = =N ES - B,
o 4o oD g 2 = & —Ta a2l - M
o I = oI = =0 = = s Sﬂ i -\p_
— O — +— = T i T O O o = & - - oo
= 5 o b-

Tablez About Eait

aet

2% Digital Psychrometric Chart

Crosshatr: Tdb:29.87 ,RH:51 .80
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' Properties

2. Continue, What is the wet bulb depression
(WBD) and vapor pressure deficit (VPD) ?
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e — — — e i —

_—

set  Table: About Eaat

State lF'n:u:ess] Fad ]"-.J'F'D ]

Tdb |20 deqgree C

| Ui ) patm 10

FH |80 x

Twb 1279 degres C
2 : N Tdp 315 deqgres C
DOS: B da5), - AH l00073 katkg DA

o : ’ : LN H 5545 klfkgDa
S aa0z m3dkg D
Hig |2452 6 kd kg
0Das (4942 x
Pws 2339 kPa
P 1E9 kPa

1.5
10.0

SFFRRRET

M eszage
I addition to Patm,
nou gtill need 2 properties to
define a state.

4, ; \ II ' : : el '. Croszzhair Lines & Curves
— WBD Tdb TWb 20 13 79 ., T;: v
R - . > WV AH
- 6 21 deg C T INEEE A
- : : . ke v H
—— " Y 3 N Step [pixels) o W S

==

[ L= B

|
I
1
i

—
s
—
[y}
—
ny

—
=l
—

S .
i Mizc.
[T Centralize
'~,,__“1 Q v Unit label
T

' — : {rf\

l : . &

v
;
(—“
O


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

% Digital Psychrometric Chart
met  Tables About Eadt

- BX

State lF’n:u:ess] Pad ]"-.-"F"D ]

Tdb |20 deqgres C

Unts | Patm 101 3

=

deqgres C
degres C
kgdkg DA
kJ g D
madkg D
kJ kg

X

kPa |
kPa

0os
Pw : kPa

F T I T

Mezzage
I addition to Patm,
woud zhill need 2 properties ko
defing a ztate.

s

Crosshair Lines & Curves
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3.

Properties

Complete the following Tables
#1 #2 #3 #4
Atmospheric pressure, kPa | 101.325 | 101.325 | 101.325 89.874
Dry-bulb T, deg.C 20 20 -10 20
Relative humidity, % 50 80 50 50

Humidity ratio, kg/kg

Dew point T, deg.C

Wet bulb T, deg.C
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% Digital Psychrometric Chart

met  Tables About  Eait

09813

Patm :89.874 kPa o PEOE

. = i L | B
301 16.9
09471~ dobis

.y 0.9425 EF-J52 e}

Hfg
0os: .
P i

A bug was found in the software.

.
|
|

Twb should vary according to Patm.

e e

]
1 1
+

] 1
! 1
1 ] T

F k ] 1 1 L 1 1 1 1

| W N T S T e " U T—— " | S O T — T T T\ S —— N T S = N B |

2 4 5 & 7 8 9 10 11 12 13 14 1% 16 17 18

_|

= B)X]

State lF'ru:u::ess] Pad ]“-.-‘F'D l

Tdbe |20 degree C

RH |50 4

lwhb (13279 deqgree

AHJoopsz  kakgDa
H 40,924 kd kg Dy

o W madlkg D
Hfg |2452 5 kd kg
DOS [4934 %
2339 kPa
1.1E4 kFa

Mezzage
Enthalpy
Range: 20120 <-» B2.282 kl/kg
Bazed on curent Tdh.

Crozzhair Linez & Curves
P | 4 W v T
v RH
6@ | »
| | ey v P
v H
Step (piels] 2 [w S
P g Mizc.,

s [ Centralize
Wt Wad| W Unitlabel



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

m one state to another state IS
called process
~ Sensible Heating (3->4)
~ Sensible Cooling (4->3)
- Humidification (4->5)
~ Dehumidification (5->4
~ Heating (3->5, 3->1)
~ Cooling (5->3, 1->3)
~ Air Mixing (1, 2->3)

~ Evaporative Cooling - Drying (1->2, 1->3)
~ Combination of above (1->2->3->4->5)
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- Process

4. Determine the final state of moist air
originally at 20 deg.C and 50 % relative

humidity if 10 kJ are removed from 1.2 kg
of the air.

State |F'n:n:ess| Pad I"-.I"F"D |

Tdb |2|:| deagres C

FH |"D x

Twh [132.79 deqres C
Tdp (918 deqres C
AH 00073 kafkg DA
H 30,545 kd kg DA
SW lngdoz madkg O
Hfg |24526 kd kg
DOS 4942 4

Pwz [2339 kPa

Pw  [11E9 kPa
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Answer to Q4

 AT=q/(Ma*Cp)=(-10kJ)/(1.2 kg*1.006 kJ/kg.K)=-8.28 K
 The final dry bulb T will be 20-8.28 = 11.72 deg.C if this is a sensible heating process.
* The dew point T of moist air at initial state = 9.15 deg.C

 The final dry bulb T > the dew point T of initial state, this is a sensible COO|ing
Process.

* Ah=g/Ma=(-10kJ)/(1.2 kg) =-8.333 ki/kg

e The initial h = 38.5 kJ/kg

* The final h =38.545 —-8.333 =30.212 ki/kg

* The initial dew point T = final dew point T.

* Final state can be found based on final Tdb and Tdp, or Tdb and h, or Tdp and h

hm!im&. Tk
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2 Digital Psychrometric Chart
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% Digital Psychrometric Chart
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— Process

5. Determine the final state of moist air
originally at 20 deg.C and 50 % relative

humidity If 20 kJ are removed from 1.2 kg
of the air.

State |F'n:n:ess| Pad I"-.I"F"D |

Tdb |2|:| deagres C

RH =0 s
Twh [132.79 deqres C
Tdp (918 deqres C

AH 00073 kafkg DA
H 30,545 kd kg DA
SW lngdoz madkg O
Hfg |24526 kd kg
DOS 4942 4

Pwz [2339 kPa

Pw  [11E9 kPa
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Answer to Q5

« AT=q/(Ma*Cp)=(-20kJ)/(1.2kg*1.006k]J/kg.K)=-16.56 K
 The final T will be 20— 16.56 = 3.44 deg.C if this is a sensible heating process.
* The dew point T of moist air at initial state = 9.1 deg.C

 The final dry bulb T < dew point at initial state, this is a cooling with
condensation/dehumidification process.
* The final relative humidity is 100 %.

* Ah=g/Ma=(-20kJ)/(1.2 kg) =- 16.66 ki/kg

e The initial h = 38.545 kl/kg
* The final h =38.545 - 16.66 = 21.885 kl/kg

hm!im&. Tk
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2 Digital Psychrometric Chart
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P oess 0™

Process

6. Greenhouse In tropical and subtropical regions often encounter high
humidity problem. For some floral industries, dehumidifier is used in
the greenhouses. Assuming the night time Tdb and RH in a 3 m height
1000 m? greenhouse before turn on the dehumidifier is 18 degree C, 91
% respectively. After turn on the dehumidifier for a while, the Tdb
remain the same and RH drop to 80 %. How much water was removed
from the moist air inside this greenhouse ?
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' Answer to Q6

* Before use
— Specific volume = 0.8404 m3/kg
— AH =0.0117 kg vapor/kg dry air
e After use
— AH = 0.0103 kg vapor/kg dry air
* Difference in AH
— AH,; — AH, =0.0014 kg vapor/kg dry air
— Air volume 1000 x 3 =3000 m?3
— Air weight = 3000 / 0.8404 = 3569.7 kg
— Total water condensed = 3569.7 * 0.0014 = 4.997

J
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pm—— -

Process

7. Air at 30 deg.C and 60% relative humidity in a growth
chamber is cycled past the cooling coils and is returned back
to the chamber at a temperature of 15 deg.C. Determine the
psychrometric properties of the air after it Is cooled, the
sensible and latent heat removed, and the water vapor
condensed per kg of dry air moved past the coills.
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a

Cooler

15 deg.C

\ 4

Growth Chamber

30 deg.C
60 % relative humidity
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.——
. Process

8.  When ambient conditions are 35 deg.C and 25 % relative humidity, (a).
determine the dry bulb temperature to which ventilation air could be
cooled if drawn through an evaporative cooler with an efficiency of
75%. (b). Calculate how much water must be added to each cubic
meter of the air drawn through the cooler. (c). Redo problem 7(a) with
the ambient conditions at 35 deg.C and 80 % relative humidity.
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- Answer to 8a

(a). At the given condition:

* Tdb = 35 deg.C

*RH =25 % (Very dry weather)
Answer

*Twb = 20.15 deg.C

* WBD =35-20.15 =14.85 deg.C

e AT =0.75 * WBD =11.13 deg.C
*Final T=35-11.13=23.87 deg.C

.
N0 A ——
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' Answer to 8¢

(c). At the given condition:
* Tdb = 35 deg.C
* RH=80 % (Regular humid weather)

Answer
*Twb =31.64 deg.C

* WBD =35-31.64 =3.36
e AT=0.75* WBD = 2.52 deg.C
* Final T=35-2.52=32.48 deg.C
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Answer to 8b

(b). At initial conditions,
— Tdb = 35 deg.C
—RH=25%

Answer

— the specific volume is 0.8853 m3/kg, humidity ratio is
0.0088 kg/kg of dry air.

— At wet bulb of 20.15 and dry bulb of 23.87, the humidity
ratio is 0.0132 kg/kg of dry air.

— A cubic meter of air will contain 1 m3/0.8853 m3/kg = 1.13
kg.

— The change of humidity ratio is 0.0132 — 0.0088 = 0.0044
kg/kg dry air.

— Thus, the total water gained by each cubic meter of
I ..E iﬁ oi’cdoor air will be 1.13 kg * 0.0044 kg/kg = 0.005 kg.

|} -sIreTe
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- Process

9. A ventilation system for a calf nursery draws 1 m3/s of air
from the nursery, exhausts 0.2 m3/s of the air to the outside,
and replaces the exhausted air with fresh air. Air in the
nursery Is at 20 deg.C and 50 % relative humidity, and
outdoor air is at 5 deg.C and 80 % relative humidity.

Determine properties of the mixed air when it is returned to
the nursery.
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i

\_

Calf Nursery

Outdoors ) 0.2ms
5deg.C . @ 20 deg.C,
80 % relative humidity @ | II:/“XIEg © 50 % relative humidity
/ chambper \ /
#1 #2 #3
T, deg.C 5 20 16.86 (cal.)
RH, % 80 50 53.37 (psychart)
V, m3/s 0.2 0.8 0.999
v, m3/kg 0.7935 |0.8402 |0.83
M, kg/s 0.252 0.952 1.204
W, kg/kg 0.0043 |[0.0073 |0.0066 (cal.)/0.0064 (psychart)
h, kJ/kg 15.859 |38.545 |33.796 (cal.) / 33.054 (psychart)

T3 = (M T +My*T,)) /(M +My)
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10.

Process

You are designing an evaporative cooling system to ventilate
a controlled environment, totally enclosed, poultry house In
a hot and dry climate.

Summer design weather conditions for your location are 40
degree C Tdb and 20 % RH.

75 m3/s of outdoor air will be drawn by the evaporative
cooling system (75% efficiency) and 15 m3/s of outdoor air
will be drawn into the house through infiltration.

The birds in the house are expected to produce 250 kW of
total heat of which 40% is latent heat. Determine

a) the psychrometric properties of the air mixed by air through evaporative
cooling pad and air through infiltration.

b) the psychrometric properties of the exhausted air.
c) the volumetric flow rate of air exhausted from the house.

d) the rate (L/s) at which water must be supplied to the evaporative cooling
gad_s by a water pump. When a (water flow/evaporation rate) ratio of 3 is
esire.

ﬁ‘ - ~'v". :,'.' A
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infiltration

A 4

A 4

15 m3/s

».d

Evaporative

\ 4

cooler

75 m3/s

A 4

Poultry
House
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3/s

1

M, = 16.66 kg/s

v, = 0. 9003 m3/kg

T,=40deg.C
RH;, =20 %
W, = 0.0092 kg/kg

A 4

A 4

infiltration

T;=28.69deg. C

T,=T,+AT =28.69 + 1.448
= 30.138 deg. C
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— Reference on Psy. Examples

Albright, L.D. 1990. Chapter 2 — Psychrometrics. Environment
Control for Animals and Plants. An ASAE Textbook. ASAE, St.
Joseph, MI, USA.
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