Topic 3.3. Humidity Psychrometric Chart

Last lecture This lecture

v’ Basic concepts and v Psychrometric (humidity) terminology
term-in.ology related to v’ Plot processes on a psychrometric chart
humidity and analyze processes

Part of this lecture is obtained from notes of professor Zayed Hamamreh — ChE — University of Jordan
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Quantity
P.Ambient
T.Dry.Bulb
Humid.Ratio
Rel.Humid
T.Wet.Bulb
T.Dew
T.Saturation
Enthalpy
P.Vapour
P.Sat.Vapour
Spec.Heat
Spec.Volume

Density

Value

101325

20.378

9.055

60.489

15.528

12.488

15.483

43.477

1453.921

2394179

1.019

0.844

1.196

Units

Pa

g/kg(d.a)
%

°C

°C

°C
kJ/kg(d.a)
Pa

Pa

kJ/(kg.K)

mA3/kg(d.a) -1 e

kg/mA3

Dry\Bulb Temperature, “C. Pressure = 101325 Pa

0.8 m3/kg dry air

Humidity Ratio, g/kg(d.a)



k s E: R0% % % R R ERRRE gy wwg emen
L i [N e i L YT S O G T N L P L LURERLACCUL [TECI IOt [TAA T T |
33735883928°33748233;3¢828328°28: 388828 ¢8F283°¢
g ARty 7 0 0 /0 A A A T A
A A=Al Y1/ atd 1/ I/ I VA, ) T
73 0 2 8 A VA B A O O T
TN R Ty \ vim i
e o W B 5 = I M Wy LT 717 17 e
i 8 i Pl 9 N ..h..:. ." Ll " e A ..||....._ |.L__..
SN R xv-\xﬂ.._w 4
: .ML»I&MEH J .r...‘mm.-“ -/..w / .ﬁ.. 7 w‘hm..x w..ﬁf- .r._.mul / =
= ] L. A i - = .... B e : i J FF
B S R A T AN N A A1
_.\m e -.ﬂh+-.\_. B A .“.\.--.J‘ ;.W.“ Vi i a..___ﬁ .,_H|w.m....:x\... =
I i A . / Wl 7L
AT __M F.._ﬂmr h“ t= 5 B, T - .../.w_.:. v\___w _‘_»\.ﬂ.ﬁ\ .H\f
8 AL USTA-L ] TN | ﬁ« \“ Nt
“.-..... r....ﬁﬁl. = = o - _, Tl oy r ! .-/.r. gl o M‘ 1 | _“___.. .__... i
AN RN it/ Fﬂvﬁ? i Y
o R
n - b 8 | B 4 S G ) R 5 7 S Y 2 il 4
o ] i A A A S A A v?\\ E
] ._.u T \-fft.:_m... v\}..wf.; g o u W i \_‘. ._.f m\ -.\. \\l\_‘)\..,*lral.h_..m.
R A SO zw@\w: bt/ | I \/\A st/ x,.x\...-_"....ﬁ..ﬁ.
Tl A A 15 S N YT A ATV AV i 0
I W asvimr =5 SNV SN Y WIATAVVIYIY
NANARIPEN NS oot WA NS Y LV Ve
D R A A A Y A Y SR
N |._..?..s.,......_.zf ™ ,\_‘ AL N/ th___”.x_‘._\‘.;\l._
. w7 0 N /\,..IV.... \/_____ .q\_f...ﬁm... ._\ i B 7 \.W
f . I HT- i /"N 1 ~N 7 N7 w.ﬂ __.._..a_mn...w.....
' SR SWIAVAD; .mm B8
N SRR
{ A e .._.. i _x_— .u.”_ .
g UNCX xw\mf\x ¥ %Hn
o ™, ST N IR A SEREN A LA T
5, BVAVERE . PAVE A 298 EL
o bl i VW AZV 7T
% YN J VA A L
% VA Y xb;a AYIAY &

Enthalpy
deviation — —,

Relotive

Enthalpy at
saturation

humidity
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Specific
volume

Dew point—

Saturation

line
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temperature —»
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Example: Given: T, =25°C
T, =20°C, Required: (a) H,
(b) Typ, (c) Hg, (d) v, (e) h
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EXAMPLE 93-2. Use of Humidity Chart

Air entering a dryer has a temperature (dry bulb temperature) of 60°C
(140°F) and a dew point of 26.7°C (80°F). Using the humidity chart, deter-
mine the actual humidity H, percentage humidity H,, humid heat cg, and
the humid volume v, 1n ST and Enghsh units. |
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I A I I I

- - l / fL“H-[ A
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0 10 20 30 40 50 0 70 80 90 100 110 120 130

Temperature (°C)

Humidity, H (kg water vapor/kg dry air)



cs kJ/kg dry air- K = 1.005 + 1.88H

¢, = 1.005 + 1.88(0.0225)
= 1.047 kJ/kg dry air-X or 1.047 x 10° J/kg-K

c, = 0.24 + 0.45(0.0225)
= 0.250 btu/lb_ dry air-°F  (English)

vy = (2.83 x 1072 4+ 4.56 x 1073 x 0.0225)60 + 273)
= 0.977 m?/kg dry air
In English units, |
vy = (0.0252 + 0.0405 x 0.0225)(460 + 140) = 15.67 ft*/lb_ dry air



EXAMPLE 9.3-3. Adiabatic Saturation of Air-

An air stream at 87.8°C having a humidity H = 0.030 kg H,O/kg dry air is

contacted in an adiabatic saturator with water. It i1s cooled and humidified
to 90% saturation. |

(a) What are the final values of H and T?
(b) For 100% saturation, what would be the values of H and T?



87.8°C having a humidity H = 0.030 kg H,O/kg dry air

: - . 0.15
(a) H = 0.0500 kg H,O/kg dryair T = 42.5°C 7“!“/ L
.[ 1T — .14
= Tadig, 0
JU/A N T ~—Jaltic Satyrg 0.13
T ’ +/ / I ——3lon Curye T
L1 - LA -~ T~ 0.12
percentage humidity 1177 ] [T T ] ]
RERENNC /% iV Y] T o1l
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Humidity, H (kg water vapor/kg dry air)



For 100% saturation, what would be the values of H and T?

Solution: (b) T = 40.5°C » H = 0.0505 kg H,O/kg dry air
T TF=EH o1
‘{% !_[ /1] i 1 ; ~=labatj
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EXAMPLE 93-4. Wet Bulb Temperature and Humidity .

A water vapor-air mixture having a dry bulb temperature of T = 60°C is
passed over a wet bulb as shown in Fig. 9.3-4, and the wet bulb temperature
obtained 1s T, = 29.5°C. What is the humidity of the mixture?

thermometer reads Ty

makeup water

Ty T
} w
ZR=
—
gas —7 gas
T H E T H ]
‘ =
N____wick

FIGURE 9.3-4. Measurement of wet bulb temperature.
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Solution

T = 60°C H =00135kgH,0/kg dry air.

20 30 40 50 60 70 80 90 100 110 120 130

10

T,=60°C



