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Related to moist air and water

1. Thermodynamic properties of moist air
1. State
2. Process

2. Pad and Fan system

1. Pad efficiency at various facing velocity
2. Pad efficiency and pressure drop at various thickness
3. Fan curves

3. Efficiency of the nozzle in misting/fogging
system

4. Psychrometric related Tables generated by
Psychart software
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-~ Thermodynamic properties of . —
moist air
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1. drybulb T 4. relative humidity
2. wetbulb T 5. absolute humidity
3. dew point T (humidity ratio)
6. specific volume
7. enthalpy

8. vapor pressure
9. saturated vapor pressure

e



d
C_ hresstre

5" Digital Peyvchromets Chart —I—I' = 5'
et About Bt

100 —Edit
Set Patm. / Tdb |3|:| degree C
Fressure of Atmosphere / / /5"3/ kS
/ / 21836 degres C
1M 325 kPa Tdp  [16094  degeeC \
AT L 8H  [Dor33  kofkaDA
T L] P H o [Fi757 kl/kgDa
S T 3 kalnd,
= o Hig 040535 kltkg
Dos 43929 4
The State Of » rnf”SL C'.Ir/ Pw:  [424E0 kPa
rd B0 Pw [21230  kPa
C ] - /
Ca 1Red. /
- e =
5| bulb termperature
] .-""'-'-F-”/ f/_,-f,.f"f ﬁ’_f“ Fange =L
. _— - 40] P —
,Jg.‘z::f,ﬂffﬂ ff“f ff“f —Mave Line and Curves,
‘_ﬂ,-f"#ff’ J_f-#": ,:::-:::;- — I B {}] ¥ Temp.
=] . — 3] - I RH
e s S g e L elii&h
T ] [ < | AL ~
.,-o—'-"""f _,_,—'—"'_'"'_'_F’_FF _'_'_,_,_,--o—'—'_'_" — | _'-_'-:5' d W
T [ S Sy AN I Sy v AJ - H
d_ﬂ__d__—wf”f 1 d___,hiﬂd—"‘# Steps [pixel] [ sy
d__ﬂ__ﬂ——"——”“_; T -
4 T N h\—ﬂ——# 10 ' 2" | Mise.
M h ., g i .."'g v Centerlize
021 22 23 24 25 26 27 28 29 20 3 32 33 024 B/ I OIF O34 40

Input Tdb and ome of the other parameter to decide podit.




0.9432 ,J 00 7.383
. 09357 10—
PSYCh rometric Chart  osas 0 s
0.9243-742 75 s
0.9184 1 | n
135.72
0.912F T 7¢___ 5 a0k
qanvg - 129.00 4 80
09015~ 122588 =——u0. g et N 1
0.8963 11646~ /f" 75::;-’—___“ ?di‘———h-_m;’ .
0.8912 110,61 7“‘—— S -
08882 AnB 0 2 L. i = e
0.8813 59 pan-—— ?{_—_h:p—-‘i:____h R e
0 5?1DE'IE?EE 249857 ? s S ;??“di*———_yﬂif
08673 o oo (HET— ___—:f_;’_: =t O e LT T ey
nasan o BNz ? e S D R = ) e L, S S
::EEEL:I 7 28— _——_:;’ et Py ﬁi‘“ﬁﬂi?h—ﬁh—‘ -é"—’::?{h__h
72.181— = e =12 55
252~ =
: . T
——ll ] —
- = — ———]2.21¢
-t il e '_:___
Ei % — == 1.471
B e e e e e ]
S o iy S e - 0.7
T e ——— = o
— T s T
—— - T ]
1 2 22 23 24 25 26 a0




ny

P

S

"~ &
- oiring ; -
Independent Properties
o o= e A SN H = R =P
e IR | W e
i P 2 2 P = = B
rh > p P P
T | P |
AH 2 I
SV D D
_| D
D‘m D
Y >




Digital Psychrometric Chart

=10l x|

get Tables Ahout Eit

Fatm - 101

State lF"n:n::ess] Fad ]"-.:‘F"D ]

Tdb 3ﬂ degree C
RH |0 4

Twh [23F3 degree C
Tdp |1 25 deqree C
aH 1R kogdkg Dy
H 1.169 kg D,
S a1 m3dkg Dy
Hfg 24284 kl/ka
DOS /e 97 &

Pz |4 24F kFa

Pt R0 kFa

HPER P

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

Crozshair Lines & Curves
v T

I+ FH

v &H

[v Py

v H

Step [pixels] 2 [v SN

—_—

J

F

|®

]

[ I T T T T I T I | MiSC.

—
\ [v Centralize

+
u_;\j \1_-__“-.:?“ IF Lnit label

— LI m11 ST ST TAITT Ao S



oomin & Z

Set  Ahout Bt

1004

w
r—

e

TaT

~=1al =]
—Edit
Tdh  [33472 | dedgeeC
RH [ea77 | %
Twh (26377 | degeeC
Tdp 24193 degree C
#H 0.0192 kakala
H 52025 kifkgDa
Sy 085955 kDA
Hfg 241000 kl/ka
DOS  [57.503 %
Pws |5 1634 kFPa
P |3.038=1 kFa
[ Message

Dry bulb temperature

A CIZEERESITTIINT

|Grraphic: Tdb:33.47 RH:58.78 [Cument: Tdb:-37 50,RH:100.00, Tdp:-37 40, Twb:-37 80,H-37 74,587 0 667, AH:0.000, P 1

oom out

Line and Curve 100
¥ Temp.
[ FH ] |
I AH / /90
[ Pw
T H / /
Steps [pixel] ™ sv // / /SD/
{kl {_ﬁ . / ////
(% Centerlize -] 70|
EECEEEEEEEEE %/ f/ ’_‘/‘,—a/
¥ ]
srin .0 ><// ///ﬁ/’—'ﬁﬂy
/
_—___: ——_—-’—"i:>< ’,_——”"—’F’—FFJ --ﬂ"'—5ﬂ_~
] Tob [ ]
1 ey P —
T ~d—
[ [
| — 1] \
— T | _
[ — d__’____,_—f_’f
—
_'_'_,_:—'——'_'_'_'_'_ [ ——
L Lt 20
I A
[ I P
- 1 10|
8 29 30 il 32 33 34 35 36 7 38

=10l
r—Edit
Tdb |33_4?2 degree C
FH  [gg77 %
Twhb 26.377 degree C
Tdp  [24193 degree C
AH 0.0192 kafkal A
H 52.925 klfkgDa,
S 0.8955 ma/kgDA
Hig 241988 kldka
Dos 57.503 %
Pws  [51634 kPa
Pw [3.0384 kPa
Message
Dy bulb temper ature
Range:-40C-70C
Move————— Line and Curve
v Temp.
¥ RH
Steps [pivel]
RN .
B isC.
l \ g Centerlize

|Gmphic: Tdh:32.47 RH:5878 |Cu.ment:Tdb:32 07,RH:22.79,Tdp:12 09, Twh:20.19,H:58 04,570,879, AH:0.010,Pw:1 61,Hf 2




Process:between states

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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Pad efficiehcy at various
facing velocity

BR800 2220 8 N = 5 5 X 4
Kool-Cel pad
EN=91:084 =101 SN E523] 2n\/
CELdek pad
Eff = 76.055 + 2.909 * V — 17.414 * V/?
Excelsior pad
Trumbull, et al. (1986)

Thickness of the pads were not mentioned. 10 cm ?



matoraton Efficiency, %

Pad efficiency at various
facing velocity and thickness
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Pressure drop-at various facing
velocity and pad thickness
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i 0.5 | 1.5 2
0 ._'_.'—ﬁg'lg_: | |
ﬁt_
s 50 h"""': | ""'"--...._,_’ 10 cm pad J
2, | |
'S "l o
= N -
E 40 [20 cm pad 4 H\.\ b
3 . o
£ g0 '~\\‘.

i
2
|



 ™Ahr

Volutoetne Flow rate

Fan curves of warious models-of

Euroemme Fans
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Blow-off of water from the pad
at 1 m/s for the Excelsior pad,

at 1.6 m/s for the Kool-Cel pad and
at 2 m/s for the CELdek pad

Trumbull, et al. (1986)




E%ficiéncy of nozzle :
(misting/fogging system)

et | o W B e e 15 e S B = S
Bottcher et al. (1991)

P=064.888 ATM = 5= 100%

Considering some head loss and friction loss,
70 ATM (70 kg/cm?) was used in my research.
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User friendly 3-step-design in PsyTable
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WBD = f(Tdb,RH)

Wet Bulb Depression is the limit of

evaporative cooling methods.
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Evaporative cooling Methods

Pad and Fan system

Spraying

Misting

Fogging

Multi-Net Fogging and Fan system




