Topic 3.2. 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



Terminologies

o Adiabatic saturation temperature Ts

o If a mass of air is brought to contact with water under adiabatic conditions (no heat
transfer with the exterior), the humidity of the air increases until saturation is reached
(Hr=100%).

Adiabatic Chamber (wall is well-insulated)

o Since there is no external source of heat,

water is evaporated using heat from the air I T\

itself. ¥ Saturated air
. H - A Hg, T
o Consequently, the air is cooled at the same T He SGEENEN 58 .
time that it is humidified. ! 5 He=100%
. . T . k H,O
o The process described is called “adiabatic I;a S¥p 2
saturation” and the temperature reached at S

. Q ¥
saturation is called the “adiabatic T
saturation temperature”.

s *  Thermal equilibrium




An enthalpy balance can be written over this process. The enthalpy balance is based on
temperature T, as a datum. Then the total enthalpy of the entering

gas equals that of the leaving gas.

Adiabatic Chamber (wall is well-insulated)

Cpg(T —Ts) + HAg + HCyy, (T —Ty) = Hy A
Unsaturated air I ¥ Saturated air
A
Given the humid heat, C; = C,,, + HC), BT He PN ek Ts
7o ' Hy = 100%
TR
makeup H, O :
C(T =T,) + HAg = Hy Aq P '
i ¥
. }——-————TS v
réarrange e * Thermal equilibrium




Wet bulb (saturation) temperature T, or T, or T (for air-water system)

A temperature that is used to study the non-equilibrium systems at adiabatic conditions.

Assumptions

o Gas flow at turbulent condition with no
change in its properties

o Gas is not saturated with liquid
o Bulb must be completely wet

o Supplied liquid should be at T,
For water-air system |:> Ty = Ts

For other systems |:> T, # Ts

makeup water
Ty

thermometer reads Ty

<

T
| 5 —— 1w
—| =
gas ;’/’ gas
T H = T H
\—wick

FIGURE 9.3-4. Measurement of wet bulb temperature.




The rate of sensible heat transferred between liquid and gas phase

Water flow (in)

q= hyA(Tg — Ti)

Tyry Warm i T o0 Moist
q — mv [Av + va (Tg - Tv)] dd\fry air Weltegrmedna : co'o| air
fogging
: chamber :

But can be related to molar mass of water and the mass flux

per unit area I:> m, =M, N, A

Water flow (out)

i —v)
N,= k,
(1—=Y)im

: . : H,

k, is the mass transfer coefficient [mol/area.mol fraction] .

y; is the mole fraction of the vapor in saturated gas at interface at 7, Vi = Z
y is the mole fraction of the vapor in the air stream Hy + 1
M, M,



Assuming the mole fraction of vapor in gas (1- y)LM ~ 1
phase is negligible :: > N,= kyA(yi . y)

Substitute in the energy equation q=my [Av + va (Tg a Tv)]
m, =M, N, A

> q =M, kyA(yi_y) [Av-l'cpv(Tg_Tv)]
= hyA(T, — T;)

M, k, A - |4 + Cou(T, — Ty)| = hyA(T, — Tyy)
(eesr) (o)



Further Assumptions

0 Ay Cpy(Ty — Ty) ky, (HyM, — HyM,)[A,] = h, A(T, — T,)

1 H 1 Hy, -

o P and o> :1/,\ kyMy(Hy, — Hy) A, = h,A(T, — Tyy)
Hy—H,  hy
T, — Ty ky M, A,

For turbulent flow of gas heat transfer by conduction
and convection between liquid and solid boundary

hy =G C, x Re™ Pr—m

G
— n -m
For mass transfer between phases ky_ M x Re” Sc

_pdv uC, Se = K
e == Pr==1 p Das




Substitute for hy and ky

m
Hy—Hy _ hy =_&<£)
T, — T, ke, My 2, A, \Pr

For water-air system

and T, =T



Dew point temperature T,

The dew point is the temperature to which air must be cooled to become saturated with
water vapor, assuming constant air pressure and water content

O

The dew point is affected by humidity.
When there is more moisture in the air, the
dew point is higher

When the temperature is below the

freezing point of water, the dew point is
called the frost point

Air Temperature T(F)
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The dew point
and the four
seasons

Air humidity
g water per m? air

!

25

20

15/

!

80%
Relative humidity

100%
Relative humidity

S

60%
Relative humidity

Summer

Spring/Autumn

Winter

T T
-40° -35° -30° -25° -20° -15° -10°

—
-

T I I
-5 0° 5% 10° 15° 20° 25° 30° 35° 40°

Temperature of the air °C



£G. FAHR PER LB DRY AIR
015

HUMID HEAT BTU. PER D

H } 26 027 028 029 030 03 i - -
PsyCh rometrlc 28‘ 2_2= 0'23 O?'Eﬂ' 025& SR Ei E fjlz‘ i The odrabalic cooling
H = —_ﬁ E :g IIE i F i “ﬂ—[ i : il Aines o; an; %ﬁarrﬁz ol
. R e e i stroight ond para ‘
umldlty 2l : 51 i R o "‘4‘3"1“?@- MR e
[ 20 i e FEEgd Eiif' "-5;5 : r.ﬁ' '-C‘E?aff‘bg /:,"E_F"EE: 1 1013
it i R i . i
charts (1) o . e |
19 i Rt =) 042 o
o £30e i i g
i £ : it on oz
z 8 B e
. . 7 gy S : q
There are five different . | :%j:"“ﬁ‘: AEREGL e e o sl -
lines and curves in this 3" e Bl T 1
: i e e e | i e
graph g 15 o S o D_Ga;_E!
3 A ) Tl e
z H i : : sy A e i = : ODTE
1. Percentage humidity N : T ‘ - : {006 2
. . . ] ; pigtlia H i e : o
2. Adiabatic cooling lines " bt / Ll e 005 7
oo k- i 1 =l i HET R I L
3. Specific volume of dry air i % 7 il 8
i ; £ i Ik AT EE 0042
4. Volume of saturated air el - : =
5. Humid heat oA\ Fﬁ Hi e sl i = 003
\}l; = 3 i i - & L by AL i £
JL'S"’ '1: ~ ] l E:' m;‘ H : ﬁ _I. iR : .‘: ‘1* __ : 'i-... :a i1} fii T kil 002
- e S AQ‘E .E; it “F* e e i ;__ e FIE g oo
30 40 50 60 70 B8O = Gy L B R R s s D gl *:- i T
90 |00 H'D |20‘ |3D 140 |5O 160 I?O IBD' 19'1"'5‘ 21003 EiEkbeaas, cobatepid] HE R

210 220 230 240 250 260

TEMPERATURE, DEGREES FAHRENHEIT



Psychrometric charts (1)

You will be given two values and
required to obtain the other
parameters

For example: given the temperature

of unsaturated air, T; and the
percentage humidity of air, H;1% .

Humidity of air: Point b is found by
moving along line T; to the given
percentage humidity of air, H,;% then
a horizonal line to Humidity axis.

mass of vapor

Humidity =
umidity mass of dry gas

PW w
v M
P-P, \ M,
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Psychrometric charts (1)

Dew point: Point d is found by moving
line T, to the given percentage humidity of
air, H41% then a horizonal line to 100%
humidity curve, then down to T-axis.

Dew point can be approximated in Sl
unit by

100 — RH

po%T— 5
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Psychrometric charts (1)

Humid volume: Point m is found by
moving along line lk a distance of

Ha o Tk from point L.
100

L )
UH =P — V), — Vv
T
3 . 2241 L !
vy m7/kg dry air = 273 TK 28.97 + 18.02 H

= (283 x 1073 + 456 x 1073 H)T K

Saturated Humidity temperature:
Point g is found by moving from
point a along adiabatic cooling
line to the percentage humidity
curve, point e, then move down
to T-axis to point . g
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HUMJP HEAT
Psychrometric charts (1) s

Humid heat
vs. humidily

e e e S RS
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point 0, then move vertically to hit
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Example 3.4. Humidity of air

The air in a room 1s at 65.6°C (150°F) and a pressure of 101.325 kPa and contains water
vapor with a partial pressure p, = 3.35 kPa. Calculate the following:

(a) Humudity, H and mole fraction of water in air, y,,

(b) Saturation humidity, HS and mole fraction of saturated water in air, y,
(c) the percentage relative humidity

Solution (from steam tables) Saturation pressure p,, = 25.67 kPa

M 3.35 18 kgH,0
H=—"" — | = = 0.021-922
D — Py \Mgir 101.325 — 3.35\29 kg air

S D —Dyo Mg/ 101325 —25.67\29 ' kg air




Py HM, 0.021 (29)

= = = 0.033
pr (HM,+M,) 0.021(29)+18

Yy =

Dus HsM, 0.2106 (29)

sat = — = = = 0.253
Yvosat = (HM, +M,) ~ 0.2106 (29) + 18

The .perceﬁtage' humidity, by definition = 100/

H 021
H, =—x100 = x 100 = 10 ©
P H, 0.2106 /0
Vo 0.033
Hp = x 100 = X 100 = 10 %

Yv-sat 0.253



o P — PWO Pw
ercentage umidity ( P — Pw ) (PWO)

P—P, _ o
= ((P — PWO)) x (percentage relative humidity)
P — Pvo [ Pv 101.325 —25.67 ( 3.35
H, = X 100 = X 100 = 10 ¢
P p-py <pv0> 101.325 — 3.35 \25.67 /o

o

\

The air in a room 1s at 65.6°C (150°F)
The percentage relative humidity 1s 10 %




Example 3.5. Use of psychrometric charts

The air in a room 1s at 65.6°C (150°F) and a percentage humidity of 10%. Use
psychrometric chart to obtain:
1. Humidity
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Humid volume

kaH.,O
H = 0021927
kg air

Vg =V +—— (Vk — V)

100
v, = 15.3 ft3/1b
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