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tbeh(mthu.tb,,,dfumnhngtbem di;
is not warranted. -

Y] EuexgyBahnce i
P70 Gudh =, :I:G:.cuiln

A minis ‘x&mt'o flow of air sad water and &
to cow w: Actually, the water flow rate
inlet and outlet due to the mass exact

trangfer. For.
tbahrm(:uydﬂz.)uhouldbeaddedwﬁhen@tmde
Tbepueenmgcchangnmabuq\nﬂemxﬂmaﬂmrmdl&

3i of
55) Heat Transfer to-the Water ’ U
Grewdts = hpaa(ty — t)dl 40

Ethona%to@mfbebamcrehuonsnmrymﬁhc
sohution of eimultaneous heat and mass transfer processes in

-direct contact air-conditioning equ.lpment..

" To facilitate the use of these relations in e&mpment des@
or performance, three other equations may be from
the above set. Combmhon of Equatwns 38, 39 and 40 gwes

-4 Ko (41)
Equation 41 relates the enthalpy potential for the total
heat transfer through the gas film % the temperature-po-
ﬁenhalforthmmmetmnsferthmughﬁ:ehqmdﬁlm.m
would be expected from pl this ratio is pro-
portional to the ratio of gas film remsta.nee (l/Kp) to the
liquid film resi (1/h1). Com aations 37,
38, mdthe].ew:smlal:mn (Equaﬁun32) ngm R

b b

-u. e 2

Sxmilarly, eombmatwn of Equshons 36, 37 md the Igwu
relahon gives - - -

d w W — W‘

- ) K
‘~thmtmn43mdmatea ‘thatat any.cross mct!onmﬂle sprny
chamber, the instantaneous alope of !.he air pa\‘.h, dW/df..
on,a . psych chart is d by. s

connecting the air state with the interface saturation staﬁe M.
that crosssection. Thus in Fig. 12, state 1 represents the
state of the air‘entering the paralle}-flow air washer chamber
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+++ Graphical Solution for the Air-State Paih
in a Pdrallel-Fow Air Wcsher L.

. 59513.

illusmbed in ﬁg 11. The washer is operaung as s heating
and’ humidifying sppamtus so0 that the interface’ mhuahon
state of the water at air inlet is thé state designated 1. The
initial slope of -the' air path is, ‘then, along'a:line directed
fmmmtelwstate 1;. As the air is heated, the water cools
and the int, drops, Corre ding air states
and interf: states are indicated by the lettérs
8, b ¢, d inFig. 12. Note that in'each instance the air path
is-difected toward the associated interface state. The'inter
hwe states are found from Equstions 39 and 41.-Equation
39 describes how the air enthalpy changes with water tem*
perature; and Equation 41, how the interface saturation’
staﬁech&ng&towmmmodah " chasige'in ait 4nd water
conditions. The solution for the interface state on the normal
psychrometric chart of Fig. 12 must be either-by trial-and
error from Equations 39 and 41 or by a rather complex graphi-
cal'proceditre.!! ‘A-much simpler method of solution resulta
by using. the-method: of Merkel!* with improvements by

- Mickley. "I'hxs ‘method utilizes a psychrometric chart-with

hal aa the di [tmbestlll\m-
tmtedbyenmple e :

E.mm 8. A 'ﬂowmwnsher usiog 8
spn ﬂ‘ xllustntedlnmﬂ dﬂmn

tiona are aa follows:

- Wmmnpenwreltmlet,t =95F o

. Watertempenmmatouﬂet’,“lun 751? . B -'
Air ture at i ta=6F
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Fig. 14.... Grcphncal Evaluation of jdh/(h = h)

volume, kean = 900 Btu per (hr{”(i?
Air volume flow rate, ¢ =

Solution: 'I‘he air mass flow rate w.=(65m/1325) =490
Ib/min, and

1 area is,
then A--uy/G.-ﬂ!) (60{/1%0 24.5 sq ft. The mass
trander coefficient lspvmbymelcwmmlaunnu

Rpox = (hean)/tra = 72/0.24 = 300 Ib Per (hr)(cu ft)

13 shows the enthalpy-
l:ilﬁh the graphical solution for the interface stm‘u a.nd th
‘Lhmughb the washer spray chamber. The no]uuon pmeeer
ollowa:

L Enterbottomofehartwnthl.;’ofﬁl’ follow tomtum—
tion curve to establish mendn.lpy h.of1765BLuIIb Extend
}hl! f o )lmed'ha.l f95F°f65F
state 1 of air}, and ini wnmcanpenmntun 4t point

A. (Note carefully hemthatweuuhut.het.empen both
for air and water hempamtum)

2. ThmughpomtAuonxtructﬂxemwbdamlchBmth
ldﬂw

(db/dts) = — Gr/G. = — 0.7 P

Point B is determined by mumecuonwnththeluwng'uer
ture (s = 75 F. 'I‘henaphveslopehereuneonmumee
pam!lel ﬂow, whmh results in the air-water mixture a;
tate s,
lchBhunophysxmlngmﬁmeeufunmprwmsungmyw
on ths psychrometric chart. Icume!yuaeduamstmo-
uonhnamdmgnphxmlmluuon)

3. WpomtAmmntth;he—lmAl;hvmgaalupeof
b—b  hos _ 900

-___-_3

te — l. Kpax - 300 -

The intersection of this line with the saturation curve pvu the*
initial interface state 1: at the chamber inlet. (Note carefuily
o T £ o i el g

an: are combined to give a nm uuan
cnthch-lchmforthemterlmeg plegnp

4. 'Ihmxualslopeofﬂmwpammynowbemmmwd ac-
to Equation 42, by dra line 1a toward the initial
mfufaoemhla(l'nel of the line 1a will depend upon the'
degree of accuracy required in the solution and the rate at which
"hﬂ‘hpeofhhempamuchmgn;)

e 5. Canstruet, the horizontal line a-M locating the point M on
bet energy-balance line. Draw a new tieline (slope of — 3 as
ore) from M to a; locating interface state a;. Continue the air
Dﬁhb from a to b by directing it toward the new interface state a:.
(Note that the change in elope of the air path from 1a to ab is
mm&ll,)usufymgthepathmcrmmmkngﬁbaumd)

6. Continue in the manner of step 5 until point 2, the final state

State 1 a b b e d 2
f 49501910 |-87-0 | 83.0 | 79.0 |75.0
b 17.65 | 20.45 | 23.25 | 26.05 | 28.85 | 31.65
& 84.5 (8.3 {80.1 [77.8 |75.6 |73.2
he 49.00 | 46.25 | 43.80 | 41.50 | 39.10 | 37.00
& 65.0 | 66.8 {68.5 {700 |71.4 | 72.4

"The final state of the air leaving the washer is & = 72.4 F and
b; 31:65 Btu per Ib (wet-bulb temperature &' = 67.0 F).

7. The final mwulmhtebbereq\medlengv.honhespmy
chamber. From Equati on38b

. Koau (h; - h) .
is evaluxted mphn:xlly by plotting 1/(h¢ k) k:

buxhownm Fig. 14. Any satisfactory graphical method may

used to evaliate the area under the curve. Using Simpson’s rule
mt.hfourcqualmmmmuoflsheq‘mlwliﬁgm

f (h‘ = (aB/3) (0 + s + 25 + v+ w0

= (3 5/3)[(1 x 00319) + (4 X-0.0400). + (2 X 0.0553)-
+ (4 X 0.0865) +(1'X 0.1870)] = 0.675° ' - -
Tbedwgnlengthlg therefors, I = (1200/300)(0.975) =397

ThemetbodlllusmwdbyEzamplcSmaybealsousedh
predict the perfe
P\xrthermore., the met.hod can gerve the very important func-,
tion of determining the tm.nsfer coefficients when perform-
ance data from test runs are available: That is, knowing the
water and air - temperatures entering and leaving the chamber
a.udﬂxespmymtlo lhspomblebyatnalandermrprocedure-
to "determine the proper slope of’ the tie-line fecessary to-
achieve the measured final air state. The tie-line slope gives-
the mho hm/Kpau Furt.hermore, Kpau is determined from™

the i p le 8 frum the known
chamiber length'l. - - .
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Fig. 15 . ... Graphical Solution for the Air-State Path
in a Direct-Expansion Coil Dehumidifier




