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Dry Air (#7250

and

Water Vapor (75Z&xi)




Figure 3-1 Psychrometric chart.
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Humidity Ratio(3&/% =, W)

mExE' =W=m,/m,

Note:

= kg of water vapor / kg of dry air

= (PsVIRST) 1 (PaVIR,T) = (Ps/Pa) I (R/Ry)

= [ps/(pt'ps)] / (Rs/Ra) = [ps/(pt'ps)] / (Ma/Ms)
=(0.622) [ps/(pi-Ps)]

'Eil% ST AR Ry O

oV = (M/M)R T = m(Ru/I\/I)T MRT

R, = 8.3143 (J/gmole-K) = F[‘*“?J ﬁflr
M, = 28.97 (g/gmole) = fiz 4 s 1 55— &l

M, = 18 015 (g/gmole) =7<Zksa 1/ 55~ &
= W Pk e V ARER=p, + ps=101.325 kPa



W = (0.622)(— ) (0.622)(

Fﬁy@

ZAFERS (ps)

t

P
101.325—- p,

where p, = 101.325 kPa = atmospheric pressure

Hence,

Ps =

(

W + 0622

)(p) =(

W + 0622

)(101.325)
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Relative Humidity (FE'S§47% , ¢)

W AEREE = ¢
= P s o B AFAREVR ™ 3 I AT
= Ps / Ps sat
R W =(0.622) [ps/ (Pt - Ps)]

Wsat = (0-622) [ps,sat/ (pt' ps,sat)]

W AERRAE = ¢
- [W (pt'ps)] / [Wsat (pt B ps,sat)]
= (W /7 Wgy)

Note : p; >> Ps s




Specific Enthalpy of Humid Air (h)

h:cpt+Whg

where  h, = specific enthalpy of saturated water vapor at t

c,= 1.0kJkg-K dryair
t = dry-bulb temperature (§z=MEVE > J]dr 80 569k

" Saturation line
é = h of superheated vapor
~ /

< SSVR[SE
§ > (Tl e el S et T et s, et i e s ~ iJg—["—' l
= h Line of constant temperature
HES A
€8 fng

-
Entropy, kJ/kg - K S

Figure 3-5 Line of constant temperature shows that the enthalpy of superheated water vapor is

approximately equal to the enthalpy of saturated vapor at the same temperature.



s 9 L 2 & 8

s} » < S,
USRS R R R eSS
O T T T T T T T T T T T T
L

L

95

Js5 0

J0
Enthalpy, kJ/kg of dry air

oy Y,

.. 0
AR C-EEARYED CRLYEI D) B RUEAE VARV
itape el e e e ka2 s a2 8l
N e ﬁ.vlmx h.wmaw._zwmmoE wm ,o_uﬂ m:_uq_E:I v \... \ y
) / o B/ |/ JANA /I N T 1/ ),
S N TV 592\ V) /.
= / z.vh {1/ V\. / [l ¥
» 1/ JARS127aN i A\ /
[ VENARS 4D a0 NV AN/ /
(Y 1/ N /1 /1N /1) .‘\\ 4
I VT AL/ s N | /ﬁ 1:1/ / =
N / m,.o,.oz SN/ N JADNVZANS S /17
N 1/ AR CVINAVEY /
AV AR YIS AN T 5 /LA
/ / / y LINLL/ A di
/ T~ 3% N V/RVAN SR N VIA A A
) v /\ / WAVAN S /1/1/
¥ A pas Nl / L AN _fe¥ £/ (1]
/1 DA YENENV/IR'ABAVE TS JAVAVIVIVIE:
by /N I NV f V5 _ | R 2
J _ awy % AV \Q\Tﬁ%\nﬂ\kow
o 27 ASELOSNURV SR iy
i ) MA AINL INANEN A ALY L) 2
o LJINCLANA NLBK &6 AN/ 3
& h Y4 NTAN FoNA~ /:] AA'SS
® I N N2 A [l S
S EYNINVIZ: o
& 2 NASGLVN BASYS VY
A 7 KA WAV AL
&u &\O\A\ .... \/ vp \\ o
s i :m\mav‘m q A x K.ﬁ "y cl
C s CYINEY e B \/1V1/
SRS % e e AT
S a .\o% N 9 X < M &P “
- i &v S T Ay /
O % /
O D G /
D ? w9 y
L T S o
(@) O W 7 7 / T
Sl A v AN YV
n = i m 3
O QO PR 2 o < =
(- b W.:.v m B T A 15
= O 22= S Sf |
L S @ all p ;
K] o.%U i
Relha= _10

Figure 3-1 Psychrometric chart.
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Specific Volume (v)-fiz2 5.1 F=

oV _RT_RT __ RT
m P, R-p 101.325-p,
Wiz 2 ST B (V) ARG S0 e

m, —H:éi‘b_“ Vﬁgl f
P, = iz 5. 5 s

R,= R,/ M,

Humidity ratio, kg/kg

Constant
- specific
volume

Temperature, °C .



Wet-Bulb temperature (JE4=R~EE)
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ﬁ:g;:f‘ & (Based on &) 7t 7 4 5):

h2 — hl + hf(WZ_Wl)

59

h.(t,) = (h,-hy)/(W,-W,)

HURT by ERRSRE S (G BA
(t2  state "1" 424 S A SER D SESREVE ”*" )



Wy EPsychrometric Chart _F 7 = 8SREEL G5

ﬁ:g; I - (Based on & 2 7 V2 5):

hf ('[2) — (hz,sat B hl) / (Wz,sat ) Wl)

HEIT e ERRENETE (A g = A il
(t, : state 17 1§42 A FEISET U 15ENENS ﬁ‘" )

Note:
é{%f@@ﬂl"’g}\ - BROEE t) 0 SR ”F\lfj
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Figure 3-1 Psychrometric chart.



Straight-Line Law — [z

When air is transferring heat and mass (water) to or from a
wetted surface, the condition of the air shown on a psy-
chrometric chart drives toward the saturation line at the
temperature of the wetted surface.
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Lewis relationship
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Wet-Bulb Thermometer (i,,‘\,j‘\ﬁ =)

W

"
@) ®)  Wetted-surface temperature

Figure 3-12 (a) The wet-bulb temperature, and (b) the process on a psychrometric chart.

HQEE—I Lo h, = hy + h(W;-W,)

ety L
WF' wet-bulb temperature 7 >t =4 |

wetted-surface temperature - J]] wet-bulb temperature !
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h, = 89 (kJ/kg)
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BT © °C

3-11 FRNBIKAELR

at 28°C: Table A-1

Approach II:

= 89.1 (kJ/kg)

SN G
h, = h, - h (W, -W,)= 89.7 — (117.3)(0.0241-0.019)
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Processes — Sensible Heating or Cooling
(BEEvipE= RS Al
' ' 31
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Figure 3-13 Sensible heating or cooling.




Processes — Humidification (*/[I}5)

Addition of
heat and
moisture

“Humidity ratio, kg/kg

Adiabatic,
moisture added
and no heat

Temperature, °C




Processes — Cooling and Dehumidification
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Cooling and |E
dehumidification E

Temperature, °C




Processes — Chemical Dehumidification
(e BT J84)

Humidity ratio, kg/kg

Chemic\

dehumidification

Temperature, °C




Processes — Mixing (3

= A
2l s

kg/s Dry Air
W
&0

s w, +wy, TR
-

W1
Temperature, °C
ﬁ:ﬁ{j i
A wihy +woh, = (W, + wy) hs
Vg [

BT w, W+ wW,W, = (W, + w,;) W,
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