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Specific Humidity (qv): is the ratio of the densities of vapor and moist air.

pv : S, e,
y=——H—  siasssssrasasessrassssssses 1
q B (1)
Daltons law states that the pressure exerted by a gas (its vapor pressure) is
independent on the pressure of other gas, the vapor pressure of the water vapor is
given by ideal gas law as: ~ -

e=pv * Rv*T SRUOR: SNSRI S—. (2)
T =Absolute Temp. (K°) v '
Rv=Gas constant for water vapor.

pv=The density of water vapor.

If the total pressure exerted by the moist air (P)
P-e is the partial pressure due to dry air.

P-e=pd*Rd*T . .................. TH

- pd= the density of dry air.
Rd=Gas constant of dry air —287(J/Kg K°).
T= absolute Temp. (K°).

The density of moist air is (pa)=pd + pv .

The gas constant of water vapor : . '

Rv=Rd/0.622 , cinininesiuiinassnsaraiapsyrnsild)

' Where (0.622) is the ratio of molecular welght of water vapor to the average
molecular weight of dry air.

, Combmmg eqs.v(2)an.d (3): _
Py " -
R, . xT . idseassssses R 5
[p,, (0 622)] y >< | : (5)
The specific humldity qv is approximated by :
. g - .
= 0.622 — ' R TN L R SN SAL AL, RO B 6
q, P _ _ (6)

Also eq. (5) can be rewritten in terms of the gas constant for the moist air (Ra) as:
P=pa * Ra*T _ o s (7)) (T) in kalvins.
The relation ship between the gasvéo'_nstants for moist and dry air is given by:

Ra=Rd (1+0.608qv) : | |
Ra=287(1+0.608qv) ~ " ntrangghenio PR SRR (8)
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For a given air temperature there is maximum moisture content the air can hold, the
vapor pressure is called the saturation vapor pressure at this vapor pressure. The
i‘a%es of evaporation and condensation are equal:

17.27T St
es=0611e ——————1
= XP[237 347

es is in Pascal. (N/mZ)

T is degree Celsius.

The gradient A =(des/dT) of the saturated vapor pressure curve is found by
differentiating eq.(9):

m FOITES S v (10)
(237.3+7)
Where A is the gradient in pascal per degree Celsius.
Relative humidity R, = — ‘ ...... wene(11)

es

Ex. At a climate station, air pressure is measured as 100Kpa, air temp. was 20C°,
and the wet bulb temp as 16C°. Calculate the orresgondmg vapor pressure, relative
humidi ecific humldl and air densi

Solution: .
17.277T)
es=hiLex p[237 3+T]
17.27 %20
— 11 it e
e [237 3+2o]
"2339 Pa. .
e = Gliexp w
237 3+T
_14[17:27%16]_ o1 gpa.
237 3+16|
e, [18197 |
R, =% 0.78 =78%
Ly [2339} | °
s 1819
qv = 0-622; = O.GZZW 0 0113kgw /kngISt‘

Ra=Rd(1+0.608 qv)
—2s7(1+o 608%0. 113)

P pa*Ra*T .
-100%*10° = pa*289*(20+273)_w e
pa=1.18 kg/m
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Example [2]

Calculate the relative humidity hr ,specific humidity q,, air density p, and dry air density pq, in a
climate station where the air pressure is 100 kpa (standard pressure=760 mmHg equivalent t0101.3
kpa), air temperature is 20 C° , temperature of wet-bulb is 16 C°, Also set your comment about p,
and pg? Ry = 287 J[/(Kg. K") :

e, = 4584 3(2373+T)

17.27(20)

e e = 4.584 8(287 3+20) = ]7.55 mmHg

. ? (17 27,(16)) _ )
e, lisc = sligc = 4584 e\zsrate) = [3.65 mmHg | _
e, € » 1365 —e¢ . e 11.69 , .
y== ; 049= ———— - ; e=11.69 mmHg ; h, =—=_———=66.61%
t—t,; - 20 — 16 ‘ ey 1_7.55 5

P=100kp =760 100103 = »750 25 mmHg
11.69
gy = 0.-622; = 0.622 750,25
T = 20 + 273 = 293 K°

R, = 287[1 + 0.608(0.0097)] = 2887 J/(Kg.K")
P 100 000

Pa™ R.T  288.7(293)
P 100 000

: =1.189 kg /m®
Pa = T 287(293) F ralor

Thus, p, < pg then the moist air is floating over dry air layer due to buoyancy.

= 0.0097 kg ofwater/kyg of moist

=1.182 kg/m’

<;°s\/crom¢1cYcolp,h) @p),W;/J/,J (L‘yuL Ca C,L««Daaf}

sha) (VJ/JW VARV IUS W QWCF Lulb—iémp) tw o,jy avs /11,2, Pres? ’h
s ol abld st 5Uw=&,\), ‘,y/_‘/ﬁ__g
ew ""eq

4w -ta ,

Cos ¢ Seburaded Vapor press. CorfcsPenc]m.g{-p yoete bulb }wmp

bw: wet-bull temp- |

Ea a’fy ‘ouib {gm(-)

Ca i lofrespondig onr vapor Press to {q ,

Y - PS7CTomz°rc*r KOV!$4a-n+ ",’\bf‘l‘r"" o M‘ME’) S
Y =4S x 0 Pa /et
Xz0u] mnHg /e
¥= 0.0¢&¢ KPQ/OC,

¥ = 0:66 mk /2

| !Pm = q}t\mos?wr(Q ,Pfe,ss-

=Y
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oL: 00065 c/w Lor
Water Vapor in a Static Atmospheric Column for lewer fortion of atmos phore.
(om=l1erm) ( Trepospher)

—3% = —0i0068
‘FUVQ\"‘C\‘*' 26000 u)

strate 5())«1{:%,1) ) e

Two laws govern the properties of water vapor in a static column:

1- The ideal gas law: P=pa*Ra*T TIPSR, § 1 |
2- Thé hydrostatic pressure law: ap = Lp RS- S .(13)
: : a8 .
dZ
The variation of air temp, with altitude is described by:
d o -
l : —al - .IIIllllIllllllIllIl.lllllll(14)
d, | |

‘Where o is the lapse rate.

From eq.(12) Py = Rpf
a

Substitute in eq.(13)
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dp _ —pg

dz R,T

d -

L _(ZE)yg,
B RT

Substitute eq.(14), we can get:-

N
w5
dP

“p

And integrating both sides between levels (1) and (2) In the atmosphere gives:

2 =’('_<§_)L,,T_2 v |
il oR, Ve et

Oor

| y | ! °
PZ Pl( ) ............................. (15)

CT2=TLo0L (Z27Z1)  eevereeereerinrorenssssisnnenns (16)
Perceptible Water

The amount of moisture in an atmospheric column is called (perceptible water).
Consider an element of height dz in a column of horizontal cross-sectional area A.

The mass of air in the element is pa.A.d; 1 S
3v) : : SV;DS(A'\'

?\'V = ?
@

~The mass of water contained in the air is qv. pa. A d;
The total mass of perceptible water in the column between elevation z;andz,

is:

- J
The integral eq.17 is calculated using incremental mass of perceptible water:

Amp = qv'pa' ALz eerresiierenirieeenn 18
Where: 7 -
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qv'and pa’ are the average values of specific humidity and air density over the

interval.
The mass increments are summed over the column to give the total perceptibie

water.

Example. Calculate the precipitable water in a saturated air column 10 km high above 1
m?2 of ground surface. The surface pressure is 101.3 kPa, the surface air temperature is
3 00C, and the lapse rate is 6.5°C/km.

Soluii_on.‘ '
- The increment in elevation is taken as Az = 2 km = 2000 m. For the first increment, at
Z1 =0m, T1 =300C = (30 + 273) K = 303 K, at z2 = 2000 m, using a = 6.5°C/km =

0.0065 °C/m ga =

~

=T1 — ofz2 — 2)

=30 — 0.0065(2000 — 0)

=17°C |
=7 + 213K |
=200 K

The gas constant Ra can be taken as 287 J/kg-K in this example because its variation with
specific humidity is small [see Eq. (.8)].The air pressure at 2000 m. is then gzven byeq. (.15)
with

g/aRa = 9.81/(0.0065 x287) = 5.26

_ 2;2' slaRg -
P2=p1 T,/ :
290 5.26.
)

=80.4 kPa
The air density at the ground is then calculated:

= ]01 3(

‘Pa=‘L ‘ L. o4 X IDg
R,T _ 4 28F # 290
o _lon3xier - 098¢ z o JF lg/m”
(287 X 303) | |
=1.16 kg/m’

and a similar calculation yields the air densny of 0.97 kg/m3 at 2000 m. The average

density over the 2 km increment is therefore 7, = (1 16 + 0.97)/2 = 1.07 kg/m3
(see columns 5and 9). |
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The saturated vapor pressure at the ground is determined as:
17.27T )
237347

{ 17.27 X 30‘)
237.3 + 30

e =611 exp(

=611 exp

=4244 Pa
=4.24 kPa
The cormSponding_ value at 2000.m where T = 17°C, is ¢ = 1.94 kPa (column 6).

The specific hiimiditfy a't;the» ground suljface is calculated
An€
L =0.622—
¢ P
4,24
101.3
=0.'026 ke/kg .

At 2000 m ¢, = 0.015 kg/kg. .The average value of specific humidity over the 2-
km increment is therefore g, = (0.026 + 0.015)/2 = 0.0205 kg/kg (column 8).

=0.622 X

The mass ofprecipitable water in the first 2-km increment is: .

Am, =G P.A Bz
-00205><10’7x1><2000

=43.7kg

The equivalent depth of liquid water is:
mp /pWA 77/(1000 x 1) 0.077 m = 77 mm.
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Column 1 2 3 -4 5 6
Elevation Temperature . Air Density Vapor
pressure ‘ pressure
z P Pa €
i) <) CK) (k¥a) (kg/m”) (&Fa)
0 30 303 101.3 1.16 4.24
2 17 290 80.4 . 0.97 1.94
4 4 277 - 63.2 0.79 0.81
6 -9 264 49.1 0.65 0.31
8 -22 25t 37.6 0.52 0.10
10 -35 238 28.5 0.42 0.03
Column 7 B .9 , 10 11

Specific Average over Incremental - % of

humidity increment ' mass © - total

qv 4v Pa - Am mass

(kg/kg) keke) (Gegm) Gy

0.0261 _ _

0.0150 0.0205 1.07 43,7 57

0.0080 0.0115  0.88 .*20.2 26

0.0039 0.0060 0.72 8.6 Y |

0.0017 0.0028 0.59 33 4

0.0007 0.0012 0.47 1.1 2 =

£ 710




