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5 Chapter 1 1945 Guide
| % ——— ——dry-air-(table):0or-19.03_+ (1000 X _0.01124) = 30.27 Btu per pound dry air (chart). The corresponding temperature and degree of saturation are 61.3 F and 24.5 per-cent
‘ . To determine the resulting temperature, the following’equation-must-be-solved. ... ___ <&  asis easily verified by use of Table 6. The numerical solution is somewhat tedious, but
i , ) - % " “the graphical-solution-is-easy, - ——__ __ -
" 30.27 + (We ~ 0.01124) kb, = ks n : e

1 3 Adiabatic Mixing with Injected Water

Another typical process is_that of injecting water (solid, liquid or
vapor) into an air stream to mix adiabatically with it. Let the subscripts

A trial value is 65 F corresponding to k; = 30:27._ The final value is 65.50 F cor:
responding to ks = 30.27 + (0.01320 — 0.01124) X 33.05 = 30.34 Btu per pound dry
air. The weight of water to be added is 0.01344 — 0.01124 = 0.00200 !b per pound

# dry air. ‘ 1 and 2 refer to the initial and final conditions, respectively; then write
i The volume of the entering air is 13.47 + (0.60 X 0.40) = 13.71 cu ft per pound. 1 0 =1 i :
N - -If 20,000 cfm of entering air is to be saturated, the weight of water to be added w i (Ws — W) - W, Ewe{g:t Ea}znce ::or t:e dry air)

oo - minute is (20,000 X 0.00200) + 13.71 = 2.92 Ib per minute. - ! : ) = Wy (weight balance for the water)

. f . . b+ (W, - Wh) kw = ha (energy balance, no heat absorbed)

Adiabatic Mixing of Two Air Streams
A typical process requiring special discussion is the adiabatic mixing
of two air streams. Let stream 1 contain M; pounds of dry air per minute,
. and let its enthalpy be A, and its humidity ratio Wi. Using subscripts 2
o, - and 3 in a similar manner to designate stream 2 and the resulting mixture
) respectively, write: )

i

The first-two are identities and are incorporated in the third. This may
be rewritten as follows:

he — Bt . ,
Woow, = 24)

\

e eion

and shows that the “process is represented by a siraight line on the Mollier
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- diagram, the slope of the line being determined by the specific enthalpy of the
wnjected water. It must not be forgotten that the analysis assumes
adiabatic mixing. Energy convected with a fluid is not heat.

. Example 17. 1t isdesired to increase the humidity ratio of air at 70 F without changin
its temperature. Under what conditions may water be injected.in order to accomplis
the desired result? ’ |

Solution. Under Dalton’s Law a line of constant (dry-bulb) tem ture is straight
on the Molliey diagram and its slope is determined (b;ythe s;?eciﬁcp:rl;ihalpy of wagter
vapor at the given temperature. At 70 F, ky = 1092.3 Btu per pound; hence injection
g{ steam having this specific enthalpy will cause the representative point to move in a
direction parallel to the 70 F jsotherm. Saturated steam at 70 F may not be used because
its pressure is only 0.7392 in. Hg and it cannot therefore be injected into-air at atmos-
pheric pressure. Saturated steam at 667.4 F » 2488°1b per square inch has the right specific
enthalpy and can be throttled into a room at 70 F without altering the room temperature.

‘Border Scale

On the Mollier diagram is placed a border scale to facilitate the graphical
solution of ‘problems in which given quantities of energy and water are
ac!deq (_or withdrawn) simultaneously as in the case of adiabatic mixing
with injected water. All marks in the upper half of this scale point to
the lower left corner of the chart and each shows the direction that the
representative point will move due to adiabatic mixing with injected
water having the indicated specific enthalpy. All marks in the lower

M, + M, = M, (weight balance for the dry air)
MW, + M,W, = M,W; (weight balance for the water) *
Mih + M.h, = Mk, (energy balance, no heat absorbed)

Eliminating M,
: ; Ws—Ws ' hh—h M

W= Wi h—h M 3

T ——

according to which: on the Mollier Chari the representative point of the
resulting mixture lies on the siraight line connecting the representative points
of the two streams being mixed, and divides the line inlo two segments which
are in the same ratio as the weights of dry air in the two streams. It must
not be forgotten that this analysis assumes adiabatic mixing.

Example 16. Outside air at O F and 80 per cent saturation is to be mixed adiabatically
with recirculated air at 70 F and 20 per cent saturation in the ratio, one pound of dry
air in the former to seven in the latter. Find the temperature and degree of saturation
of the resulting mixture as shown in Fig. 6. .

) Solution. The humidity ratio.and enthalpy of the resulting mixture satisfy -

|<, ' 0.003148 — Wy _ 2023 —k _ 1
‘ W, — 0.000628 ~ 7 — 0.666 7

whence, ’ ’

e W, = 0.002833 Ib water per pound dry air.

bs = 17.78 Btu per pound dry air.

half of the scale point to the lower right corner of the chart.
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