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Overview

o Air as Fluid in Mine Ventilation
o Air Types

o Chemical Properties of Air
o Pressure Concept

o Psychometric Properties

o Mathematical Equations

o Examples 2.1 and 2.2




Air as Fluid in Mine Ventilation

o Definition of Air Generally

o Definition of Air Thermodynamically

o Definition of Air Chemically




Air Types

o Dry air doesn’t exist in normal atmospheres.

o Saturated air is conftaining all the water vapor
possible at existing condifions of T. & Pr.




Chemical Properties of Air

A

Colorless Odorless

Support
[ Tasteless ] Combustion




Pressure Concept

o P it's a pressure measured from absolute vaccum.

0 Pyquger 1t's the pressure measured with  measuring
instruments & it's above P ...

0 P,.:It's measured below P ..

o Pymilt's the pr. In the surrounding atmosphere. N
Pr. Greater than Pr. .,
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':D:' Pr. |
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Psychometric Properties

o Psychromeiry

ols the science of studying thermodynamic
properties of moist air and the use of these
to analyze humid air conditions and
pProcesses.

o State Point

o Determination of certain psychometric
properties of air at given conditions.




Psychometric Properties

Dewpoint (°C)
Dry-Bulb Difference Between Wet-Bulb and Dry-Bulb Temperatures (C°)
Tempera-
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Psychometric Chart

olt's a graph plot relating all psychometric

properties.

‘Impormnce

Direct Method

Drawbacks

Psy. Process
represented

Limited range
of T., Pr., &
Elevation

.

Only 2
properties
enough to find
others

Different charts
for different T.
& Elevation




Psychometric Properties

o A state point is fixed by any Z-points on
psychomeftric chart @ a known Pr. . ometric

®  Wet bulb temperature = 20°C (step 1)
® Dry bulb temperature = 28°C (step 2)
® Intersection point of wet bulb £ 1;\:‘\

temperature lineand drybulb & /-
temperature line. (step 3) £5




Psychometric Properties

o Tdb: Temp. indicated by a conventional dry
thermometer (o measure of heat content

“sensible” of the qir)

o Twb: Temp. at which water evaporating into
air can bring air to saturation adiabatically at
that temp. (0 measure of the evaporating
capacity of the air indicated by thermometer

with a wetted wick)
Dry Bulb  Wet Bulb
Tdb wa .
1 I Wick
Water




Mathematical Equations

o IDr'Bc:rome’rric

Pr = Pa + p. (2.1)

o Pr'So’ruro’rion

17.27t; — 552.64) .
p, = 0.18079 exp( L+ 395.14 )ln, Hg (2.2)
o Pr.vgIoor
P {P# - F-‘F]{'rd - 'rll'} i]'l_. HE {:‘3]

P = Py IR00 — 13!;.
Note: f ’ '




Mathematical Equations

o Relative Humidity

b = "E’!: x 100% (2.4)

X

o Specific Humidity

- W = 0.622 o p”p Ib/ib (kg/kg) dry air » 7000 = grains/lb dry air

(2.5)
o Degree of Saturation

W

b= g X 100% (2.6)

o Specific Volume

mT

f3/1b (m*kg) dry air (2.7

i =




Mathematical Equations
o Specific Weight

W= ;I;[W + 1) I/ (kg/m?) (2.8)
- 'f.fimﬁ ~ 0.378p7) Ib/fC 2.9)
o Enthalpy

h=h, + h, = c.tg + Wihe, + hy)
rhd fi i [I.lm




Example 2.1/2.2

o Given , td = 70°F , tw. = 50°F, pb = 29.921 in.
Hg, find all remaining psychrometric

properties of aqir at the state point using
Appendix Table A.2.

o Also, find all properties using chart.




E TABLE A.2 Psychrometric Data for Air-Water-Vapor Mixtures

Properties of Dry Air at Properties of Mixiure of Dry Air and Sat. Steam
Properties of Water™ and Steam 4 Pressure of 29921 in, at a Total Pressure of 35,921 in, Hy abs,
Saturation Enthalpy Hy obe. Volume of Specific
Pressure of Specific True Mixture Enthalpy of Humidity
Waier and Suturared Saturated Yolume ol Specific per Ib of Mixture per Grains per I
Temperature, Steam. in. Waier.” Steam, Sar. Sream. Volume. Enthalpy. Dry Air, 1 Iy of Dy of Diry Air
“Fr He g Bl fy Biulb fie b v, il 2, Biwlh iy ™ Air, Bru h, W,
1 Bo66 (0] - 13¢5 1061.5 EN 11,604 0.24 11.62 1.12 577
1 4178 (w3 - 158.0 10620 13,400 [1.830 0.4% 1163 1,40 #.084
3 d.400 110y =157 6 0624 12,750 | 1655 0.7z 1156 1.68 6, 348
4 4833 10 b BT 10628 12,040 | 1,68D .96 11,70 1.98 6, 745
5 & TR (10 — 1566 1063, 3 1,550 L1706 1.20 li.72 128 T10
b 5134 110 ~156.1 1063.7 1100 L1731 |44 .75 158 7478
7 5400 (-2 - 1557 10642 100, 420 L1796 1.68 P78 1E8 7.867
H 5683 110p =155.2 10646 o] I1.782 192 1180 iR §.280
9 4977 (102 = [154.7 10681 9307 11,807 216 1183 149 5701
I 286 (102 —154.2 1065, 5 DA |1.832 Lan [ 1ED 9161
1 6606 (100 - = 1337 10659 B3 I1.857 164 il.88 411 9.633
12 .54 0T - 153.3 1066 4 B34 11,583 2 BE 11.91 443 10,13
13 70 (1m - - 1528 066,38 7851 L9218 302 11.94 4.75 [ e
14 e = 1523 10673 TdEY 11,933 336 I1.9 507 .18
15 &.0% (107 - 151K 10677 Thad |1.95% 360 11 44 5,40 1173
16 gA4h1 (102 ~151.3 1068, 1 BRIT 11.984 184 2o 573 1234
17 B.E84 (1m* - 1305 1068 4 £305 12.00% 408 12,05 b6 12.9%
1% 93 im ! =503 105,00 6210 12,034 4.32 1307 .40 13.51
19 GRS {10 — 1498 10645 59729 12, ) 4.56 1210 .75 14,28
Ful 01027 = 49.4 1064 5% 5662 12,085 4,81 12.13 7.0 14.59
H 01078 - 1489 7.3 S0 1510 5.05 1215 7.45 15.7%
n 0. 1130 — 484 10748 E164 12,13 520 1218 78l 16,51
i 0. 1184 =479 7.2 4434 12,161 5.5 1221 B8 17.32
M 01243 — 474 iy 417 12,18 5.7 12.24 B35 I8. 14




TABLE A.2—{confinued)

Propenies of Dry Air at Properties of Mixture of Dry Alr and Sar. Steam

Properties of Water” and Sieam a Pressure of 2321 in. at a Toaal Pressure of 29921 in. Hg abs,
Saturation Enthalpy Hg abs. Volume of Specific
Pressure af Specific True Mixture Enthalpy of Humidity
Water and Sataraved Sargrated Volume of Specific per Ib of Mixture per Cirains pet 1b
Temperatire, Steam. in. Water,” Sbem, Sar. Steam, Valume, Enthalpy. Dry Air, fi* Ik af Dry af Diry Air
“Fr He p. Buwilb &y Erwlh i, b v, b o, Biu/lh &, T8 Air, Biu &, W,
§7 4484 251 0RE, 1 13% 13.020 U1 132 2445 L
5B 4856 a1 I08E.4 (R 1 5.6 138 1526 2500 7186
0.5033 Frl | 10870 1244 3071 14,18 13,719 1576 T4.54
2 1] 5216 28, 10T .4 a7 13,045 14,42 1333 643 Tr.20
il 0, 5405 9.0 1879 1167 15122 14.664 1334 7.0 014
fi2 0.55%49 £ 1088 .3 s [5 147 14490 1340 na 309
&3 05800 .1 10887 L 15172 15.14 13.43 .54 604
el i, ST Er| 1089 2 1056 15197 1538 1347 o o X7
63 0,6221 LIN| 10896 o2 13.223 15.62 1350 Moo 2.5
2] 624 . I0EH. 0 558 6 15,48 1585 13.54 Hew 4586
&7 ), GiE 15 10505 W6 R 13,273 1610 1358 1158 W32
L5 0, G Ja. | 10909 96| |5, 19 16.33 13.a1 12 n2.e
i (7143 T N3 965 1334 16.59 1365 Ry 1] 1.6
@ @ 8.1 1091.8 8.0 13.49 16.83 13,60 34.04 0.4
1 0, (b 31 12,2 R, 5 13374 17.07 13.72 34,90 14,3
m 0,741 4.1 10926 Al 13199 1.3 1178 LWy I18.4
i nAaIgs 4.1 a3, | TER 4 13,4235 17.55 13,50 660 [ 234
74 0.8463 47, | 15 TELA 135430 1779 13,54 3161 126.9

74 01,8751 411 1093 4 400 13,475 18,03 15.88 8,55 1313
% 0,9047 .1 1044 T 13.501 18,27 13.92 9,52 135.%
rri 0.9352 43,1 0 B ] 13,526 1851 13,9 4051 1406
T8
bl

0. 967 46,1 10032 ETLE 13.551 18.73% 14.00 41.52 143.3
0. 7550 4010 1.7 652,59 13,576 1,99 1404 4256 I50.6
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Solution: Att.,read p; = 0.3624 in. Hg (1.224 kPa). At 14, read p. = 0.7392
in. Hg (2.496 kPa). Using Eq. 2.3,

- (29.921 — 0.3624070 — 50) .
p. = 0.3624 — 2800 — (1 3)(50) = 0.1463 in. Hg (0.494 kPa)

At p., read dew-point temperature from table, ry, = 27.5°F or —2.5°C
(p. = ps at tap).

Using Eq. 2.4,
D.1463
b = 0.7392 % 100 = 19.8%
Using Eq. 2.5,
(0.622)(0.1463)
W = (29.921 — 0.1463) ~ 0.00306 Ib/Ib (kg/kg)

At 14, read W, = 0.01577 Ib/lb (kg'kg). Using Eq. 2.6,

0.00306

K = 501582 » 100 = 19.3%




Using Egq. 2.1,
Po = 29921 — 0.1463 = 29775 in. Hg (100.54 kPa)
Using Eq. 2.7,

(53.3)460 + 70)

— —_ 3 =
Y = 39 9750 49 )(1ady — 13-42 ft¥/Ib (0.8378 m¥ke)

W = Tﬁﬂi{ﬂﬂﬂSﬂﬁ + 1) = 0.0747 Ib/ft* (1.1965 kg/m?*)

or from Eq. 2.9,

w = 1—5'3'3%3 (29.921 — 0.378 x 0.1463) = 0.0747 Ib/ft® (1.1965 kg/m?)

Using Eq. 2.10,

o= (0.24)70) + (0.00306)(1060 + 0.45 x T0) = 20.14 Btu/lb (46.85 kl/'kg)




Wet-Bulb

Solution: Using Fig. 2.2, Temperature
tap = 27.7°F Enthaloy k/ /:fsﬁtii;ic.
b = 20.0% vewpoint T
TFemperature
W = 0.0031 e
heore = —0.08 Dry-Bulb ~ ——>— 7 O\ Specific
Tempcerature Volum

20.31 — 0.08 = 20.23 Btu/lb (47.05 kl/'kg)
13.42 f*/1b (0.8378 m*/kg)
0.0748 1b/ft? (1.1981 kg/m?)
by air specific-weight chart (Fig. 2.3)

0.0158 Ib/lb (kg'kg)

0.0031
— 0.0158

= 100 = 19.6%

T
|






