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ATl TeVESTIGATION OF AINCRAFT HEATERS

VIT -~ TEERMAT RADIVWION FRCOI ATECRMANOUS* EXOIAUST GASLS

By R. C. lortinelli, E. H. Morrln, and L. M. X, Boelter
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SYMBOLS
ag over-all abgorptance factor of gas
Coo., correction factor for effect of total pressure on €05

radiation evaluated from figure 2

GHoO correction factor for effect of total pressure on Hg0
° radiation evaluated from figure 4

X correction factor due to presence of both COp and
H0 evaluated from figure 5

L mean beam length vhich is equal to 0.9 times the
diameter for infinite cylinder radiating to walls

PCO2 partizsl pressure of COZ atmospheres

PEZO partial pressure of Hs0 atmospheres

{ %) radiant enerzy intercuange dve to athermonovs
\ /850400, gas radiation, Btu/hr £l

CR Rankine = CF + 450

Tg absolute temperature ~f gas, °R

Tg absolute temperature of surroundings, °R

€(COz, Ty, Pco, L) emissivity of COp evaluated from figure
1at Ty and P L
g COy

T

€

(?02, Tg» Pgo, L EE emissivity of 00, evaluated from
g

3

figwe 1t Ty and P, I e

(80, Tgs PHL0 L) emigsivity of Hp0 evalueted from figure
3 at Tg and PHEO T,
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Determining numerical magnitudes
L =0,9%X0,5ft =0.,45 3%

PCOE L = PHZO L = 0,075 X 0,45 = 0.0338 ft atm

m

- :
; 0 s 1360 :

Pon, L= =T L == = 0,07 ) 2289 4.0
oo, © g = FHp0 X T, 0.075 X 0.45 X T=g5 = 0.0261

€y = 0.79 (average valve for oxidized steel)

G(COZ, T,, ?COZ 1) = 0.052 (from fig. 1)

DS
¥4 TgN, . .
7
(5]
€(E-0, Tes PE0 L) = 0.028 (from fig. 3)
€’ Ta™ o N

{90, Ty, Prg L me } = C.050 (from Tig. 3)

Coo., = 0.78 (from €ig. 2)(for totael pressure
~ = 0.5 atm)

Gy 0 = 0.89 (from fig. 4)(fcr total prissurs
= 0.5 atn

0.00 (from fig. 5)

[-.";“
i

Therefors, from equations (Z) and (3):

€, = (0,78 X 0.052 + 0.88 %X 0,028 - 0.00 = 0,0652

3
- - 1760785 ’3_76030.45
R S X 4 4 / r— < 0 } 3 - -
8.{9, 0.78 X 0,047 X 1550 / + 3,86 X 0.030 X (\1560/ 0,0u-i
)




Then from equation (1)

SaN . SN
2): = 0.1728 X 0.79 ; 0.0651 (;1{—33\ - 0.0729 (133@ ]

0.137 [53250 - 2500] "= 0.137 x 3750

]

512 Btu/ar £62

IT this radiant cnergy interchange took place in an exhaust
heater which was 0,5 foot in dlameter and 3 feet in length, then

9(co, + E20)

i

512 (rx X 0.5 £t X 3 £t)

2410 Btu/hr

If the thermal output were 50,000 Btu/hr total exchange,
then the fraction due to aunermdnuus gas radiation would be 4.8
percent of the totel.

In the experiments conducted in the University of California
Mechanical Engineering Laboratory cn stralght and finned double
tube heat exchangers (relerences 4 and %), the athermancus gas
radiation was less than 1 percent c¢f tho total transfer, because
of the low concentrations of COE and HZO vapor,

CONCLUSIONS

The radiant interchange taking place in an exhaust gas heat
exchanger due to the emission and abscrption characteristics of
water vapor and carbon dioxide may be calculated, employing
gaseous radiation data of Hottel, There are not gsufficlent data
te account accurately for the radiant energy interchange from
other gases, such as carbon monoxide and hydrocarbons,

University of California,
Rerkeley, Calif.
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NOTE: The flgures cf thls report have been reproduced from

'"Radiant Heai Tranamlssion Ffrom Water Vapor," by H, C, Hottel
and R, B. Egvert, appouwring in vel, 38, no., 3 of tre Trans-
aotlons of tre American Instiftute of Chemical Engineers, wita
the permisseicn cf the auticrs, The ordinates of figuwres 2,
4, and § bavo been changed as indlcaied below:

Fig. 2, crdinate 1s renamed CCOZ

Fig. 4, ordinale is rcnamed cHgO

Fig., %, crdinate 1s renemod KX

The coordinates cf figwres 1 and 3 remain unchanged.
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Figure 1.~ Working plot of carbon dioxide radiation.
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(This isfigure 2i of referance3. Ordinate scale renamed )
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Figure 3.- Final working plot of water™ vapor emissivity,

for P, =0.

( This ic $igure IB of reference 3)
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Figure 4.- Correction for effect of total pressure
and partial prressure on water vapor

(Thv’s is figure 20 of reference 3.

radiation.

Ordinate scole renamed)
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Figure 5.- Correction for superimposed radiation from mixtures of,carbon
dioxide and water vapor.

This figure taken from figure 19 reference 3.

Ordinate scele renamed.







L)




flllllllﬂllTil1|W|liWﬂllﬂlllﬂiﬂlmllllIlllli

31176 01354 445




