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NOMEN CLATURE

A = Area
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M) = F/e"
Subscripts
e .= Free ztrean condition
1 = Entrance station
2 = Exlit or station under flow consideration
a = Alxr
=) = Exit
: = Fuei
frict = Friction
i = = Inlet
n = Fozzle
¥ = Rroket,

= Overall heat tranafer coefficlert
BTU/(hr) (£22) (OF)

Yelocisy

]

= Ratio of specifle heats C

p/C,

= Viscosity (micropoimes or appropriste units)
= Efficiancy

Demaity {1b/rt7)
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ABSTRACT

Tvo combusiion efficiencles are defined;
the ratio of the measured to the ideal air speci-
fic lmpulse, and the ratio of thse actual riase in
stagnation temperature to the theoroticelly csl-
culated value, Thess afficliencles may be measured
by the deterninetion of appropriatse stagnation and
static pressures and by direct teaperaturs wmsase
urements. It 1e determined that the former effi-
claency is relatlvely lianssnsitive to the method of
measurenent. Deterzination of the combustion temp-
erature on the other hand is not feasible from
measurements of the zprropriate upstresn pressures.
A falr asccuracy ney be obtainsd utillizing the stag-
nation pressure probs, and an accurste dsterminstion
of temperature profiles is pcasible by utilization
of the pnewmatic temperaturs probe, The principles
end design coriterian of the pneumatic probe ave

discuassd,
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I, INTRODUCTIOR

The ram rocket configuration has many aspects
of interest {Figure 1), Possible sappliications of
4bis configurstion would be for use as an ejesctor,
an afterburner or & conbined rasket.ram 2t S355%
power plant. A 2 ploel ram recket configuration is
indliceted in Pigurre 1. In this dlagrss Station ©
indisates the siream tubs at amblent conditions,
Stetion 1 the inlet to ths diffuser, Station 1 the
burner sntrance, S8tation 2 the burmner exit, and
Statior n the nozals,

The device may use & bipropellant fuel sgystem
with ?arying dagrees of oxidizer to fusl rutica,
or uss & monopropellant Med with thse preducia oi
decomposition in the rackel forming the fusl for
tho ram air in the conmbuation chawber.

Theoretical calculationz of the performanse
of the rewx rocket indicate 1t to be superior hoth
g8 0 thruet per cross sectionsl area and as o
speclifie fuel consumption to the rar el in the
lowsr HMach range and to tend to coincides with ram
Set perforasnce at sapersonic speeds when partiocu~

lar fuels are used {1
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Its apparsnt superioriiy, in general, may
e attrivutel to its incremsed ealr flow par unit
of frontal sres dus %o the rocket inductlon effact,
the static thrust of the rocket portion, snd the
insensitivity of tha rockei chambder fto swbient
conditions. The last mamed faclor suggesta that
it 13 poseible to provide fuel to the rem air in
sach a state Lhat conbustion cin be effected over
mich wider aly fuzl ratics and pressures then are
novw poesible, utilizing the conventionsl resm job
configuration.,

It 4s the purpose of this paper %o exaniane
mathode of evaluating the combustion efficlency of
the raz rocket burner, expsrinentelly. using s

burmar duaet.
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A IT EQUIPMENT
= Alr supply 1e rrovided to the burner by two

125 horsepover Epencer Centrifugal Compresscrs
whioh may be run either in parallel or in serles,
The tenperainrs 12 conlrollsd bF varlsbie vater
coolsd radiators, The =ir supply ie conveyed by
:l a twelve inch duct vertically dowr into e A4-1/2
fToot diameter xsitling chamber, The vertiaal
section contains an electrlcally actuated butter-
3 fly velve to control the mass flow of air (See
‘% . Pigure 2),
§ The tmurner iz a twelve foot long, eight inch
§ = diametar, horizontal 1iron pipe;, exhsusting to )
g rtmosphere, Statio preessure taps, which lead to
g waler manometere, are lecated every two lnches
3 saiong the duct., The duet 18 water cooled in seven
. soparsted sactions,

The mocket boldy is four inches im external

diemeter, with a windshleld eap on the Iront, and is
) gtreanlined 40 a one inch exhaust dlazmater, It 1s
; concentrically located and aligned with the center-
: X 1line of the burneér by means of a sieel strut, FPro-
;‘ pallant and insimonentation lincs snd leads 4o the
3 e
e R A A R SR s O N A N DTS Pk i i el s

o



{ N

e 7 S

VIR A aat-es

- o~ A

B NP

S N S R

e & R A i e bt

roekst are ™un along thice stroul la«ide n styeam-
lining fairing.

Alr flow measurememts are made by moans of
2 Taylor Pillot-Venturl Meter and are rasd on &n
inelined water menometer to an accwracy 2f one
percent, Fusl flov measurements are effectel by
means of a Potter Flow Haotexr and «ross checkad by
moans of rocording ths varletion of fuel tank
veighte Theo tank weight 1s measuared by meane of
four reinforcing electronic stiain gages mounted
on & stesl sirain ring with a dead welight celibra-
tion before and after eash run,

Btagnetion prassure 1s measured from a
static tap in the settling chamber and rsad on &
reroury mancmetsr referencsed to atmosphere,

Inconming alr stagnation temperature is neasg-
nred by means of a calibraied Syon-conztanten
thernocouple located on the mose ol the roeket,
Quoling lvsses froa tho combuisior are avaluated
by means of theruwocouples located alt the inled and
the saran oxhkenst nipes, Wabter flow 13 zesnsured
by means of ecalibrated erifices, 1t should be

noted thet, although & pressurs rogmulalor waad in-
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sialled in the upsirear line, it has not been pos~
aible o aveld fluctustion in weier uwase {low
rat.os,

RBockse?t thruzt 1s evaluaiteld by wwo moans,
Four electriceily rsinfocing stralin gages on the
roa¥e? plrut messure the atrain of the strui. This
iz eveluvateld by monns ~f s dend wolght calibration.

The rocket strut affectively is Cerigred as
e bell crank s0 that the forward thyust of tha
rocket 18 transmitted downward to the top of an
Enery Hydrsulloc Cylinder., The thrust is them
neasured by the pressure read on & calibrated
Bosurdon Tube Gage.

Direct measurament of combustor t{emperatiures
yreeonts some dAffisult problems,., To obtain &
true thermococuple stagnation terperature, the
ﬁampsrature recovery mist be evaluated and radistion

asses mmaat bs minimized by ahlelding. Ia view

of ths feot that, at atolchiometric mixture ratlos,
flars tenpoeratures are much above the meltling point
5T avallable moials, some other dovice than thermo~

soupliss wust be exployed.
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> High temperaturs measurement has customariiy
beem sccomplished by sodium D line revsrseal. The
T 1ins method has the obwlous disadventage that it
dasponde upon the opinion of the operator as to when
the D iine reversges, and on the opinion of the opera-~
for in eovaluating whe temperature brightness of thg
D 1line 1ight sourcse with an optical pyrometier or
thermopile, A gfecond practical consideration is

g that the static tenperature of en experimental turner

: will be measured with §he operator & safe distance

avay, obviously necessitating a cumbersome optical

system,

An ;ngcnlous solution to this problem was

presented by David Moore of Fairchild Aircraft in

the Aeronautical Enginezring Review in 1948 (2).

The device described was 8 watler cooled pnewaantioe

probe, which can be utilized at tamperatures much

nigher than the melting point of the metal from
which 1%t is mede (Figure 6).

fne preunatic brohe ie based upon ths prin-
¢iple that the mass rlow through & choked orifice
man Lo measiired as 8 Tuanction of the upatresnm total
rreassurs, the orifise arca, and the locsl apsed of
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Noting that (T/%.) . 1so= (F41)

The mass flow of gns ma.y ’ba written,

T
mzﬁrince s¢ gr( 2.0

191)’
= 2P, £{v,R) 1b/neo
F‘f‘;
vhare P_ may ba messmred arel 4 orifise 1a Enown, =

£

IT the magss flow fthrough the water ccolad probe
18 chilled; fruzen egullibriuva may bo gasausd,
with v and R constant. By nov flowing thies cooled )
xas through a zecond sonic oriflce, ¥he manms fiow
may be compuied from measured values of srifice
area, stagnation pressure and stagnation tenpers-
ture, At the reduced gas tempsratures it 1s pos-
aible 20 use ar unshisided tharmocoupls with no
correction for radiation losses, By eguating the

mass flows the entrance stagnation temperature may
be computed.

B = AP T{y,R) = A5Fy0 ¥R}
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or

P 2
= 8 T
8l g2 22

The pressures, Pnl and Psz, are neasured on

mercury manometers, Al/k ie known, and ?52 is
2

3
i

messured by a calibrated iron-constantan thermo-

All messurements are either photographically

or electrlecally recorded on Leeds and Northrup
Speedomax Recorders,
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IXIX. MEASUREMENT OF COMBUSTOR EFFICIENCIES

Combustor eofficisncles are affected by the
completeness of combustion, the ailr/fuel range

uf speration, the fuel irjection system, the loss

bustor dimenslons, the exit tempersture profile,
and the light conditions of the vehlcls 1% propeis.
it ia obvious that these conditions are interrelated.
riedoan, Bennet and Zwilck precposed that the combus-
ticn @ffioiencies,?l be represeated by (%,
v

= )
where the latter is named an efficiency character-
istic mumber.

Since the experimerntal apparstus has a limited
range of inlet conditions, flight conditlions may be
sxtrapolated to varlous sltitudes and Mach mumbesrs
Yy the proper combinaiion of inlet pressurses and
cemperatures and the assumntion of & reasonable
diffuser efficiency. The rocked C=osign makeos it

desirable 0 operate the rockst at very neariy

fixed cperating condition as regards fusl Mlow

and to coniiol the air/Tuel ratio by verying the
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incoming air. Hemoe the flight conditions and the
blowoul velccities are indicated by the alr fusl
ratio and the geomeilry of the combustor, Since
cne of the primaxry interesis ip this configuration

18 the extension of the narrow range of permissible

opesrating alir fua) ratise, ki

411 e sslecied as

W
a

the indepenident variable of the expsrimentsl oom-
bustion efficiency.

iIf combustor sizes and pressure losses &re
within reasonable limits, the most indicative
sonbtustor efficlency can bs directly defined as:

Tl - (Am.) measured
<
IZE.I ideal
A frequently'nsed eriterion of combustor

efficlancy is the ratlos of the Air Specifis Impulse,

SaY(ﬂ) = F./n‘

where ‘

Tl‘ . (sa)rin) measured
T?;T'@WT 1deal

end Sa 1s defined as.

3‘L = (lmf/m JR?*‘Z)(IGY)

See Appendix I
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This is somevhsat more indlcative of the trpe
barner efficiency. 5&!{&} ideal is gompufed upon
Rayleigh line heating from enirance teamperaturs end
¥agh mmber tc sxil adisbatie fleme temporaturs and
Mach mimber. Thls efficiency would indicate both
the actuul temperature rise across the burnsr and
the loss in toial prassura due to friction.

Although the burner off: .{ ve longth, the
thrust per cross ssctional area, and hense the
combustion heat roleass par unit volumé exre lmpor-
tant criteria, they can be compared only with other
combustors and not with an ideal case, However,
the effsctive combustor length may be used as an
paraneter in plotting the various efficlenciles.

Evaluation oif the measured quaniitles 1ls
dependent upon v It has been found that vy may
reasonebly be assuned to be very close to the con-
puted value at any given air fuel ratic (Figure 3).
More preclsely, Y can be determined by an Omsal
anslysis by quenching a gas sample to fxcore the
equilibrium, It should be noted that the wotae

contant must be considsred in the detarnination of

- vy Tron the ges sample.
boa
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Meessurament of the actusl atresm thrust at
z2ny ssction of the bhurner may be wrde Ly wBensuring
the atagnation pressure profile and the static
preossure. By employing the relation of the statle

“«w stegnation preasure, the average Mach number sl

the station may be computed and the strean thruse
neamedﬁf
F = PA{len®)

2’2’)57 hisat loas per gsaoond to the coosled burner
duet ma;’ be evaliunated by the swmmmation of the hest
tmstan.,’mtes t0 the upetress buraer ccollirz ses-

; tione, ""‘Sinco the watar flow fluctustes, since
aomé 'time is required for the ocooclant % approasch
squilibriun, and since esch water temperature 1is
secoruad uly onew every lthirty Wwe sesonis, aauvbion
wmiet Do axercised in ayprorximabing trhe inslbantansous
hzat tranafer rate.

From the weasiwnred alr flow and aiyr Lenpera-
ture entering the sombusbion shamber; the antianee i

Mash nmumber and tsmperaiurs iz Inwnl

wmo o & e
~'a Pl’f‘lﬁ’i YTy
W N

Feglecting Iristion, the exhagst temperature may he ;

1:2 ©
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ceczyuted from the measuared HMach nmumber uiilizing
Hayielgh lins oconsiderations. From the ispors-~
tare, the spseific heat of the gas may be computed,

Equating heat trasnafer ratesd

mga@% LT = Bupter 2T BTU/ 300

A Tiral approximstion of the tswmperaturs loss of
the gas may be obtainad and an avsrage apscifile
heatl, 'ﬁp, soaputed., By ifterating, the rias in
temperatnrs and heonee the inereane in Kach gkoss
may be computef o correst for the Gooling loas,
The ansmaption of Rayleigh line (Ifricticniess)
heating 18 well within the zccuorsey of the meaauwred
heat transfer rate. Vith a mors rofined measure-
ment of the ccoling loassss it would be possidble to
raplase the temperature loss of the gas, section by
sagtion, with a more accurate average specific heat.
Iv should bo noted that thia correstion to the
temperature s only of the order ¢f 9 to & percent
of the totsl tamperaturs rise,

daving measured the Mach mumber, the section
impulee, ?2, and the sir and fuel flovs, one osan
apply the prineipis of continuity tc solve forr the

alr speecifle impules, Appendix X.
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defining

s =F
& R

i (L M5 )

4
¥ 2

F,.=m 8 "2 =n 8 ¥M,) =mnS -
2 & a ;3 e a 2 a s HQJE(Yz‘l)(1¢I§l xg)

defining the Alr Speoifis Impulae

’2/!8_ = Sa Y(Hg)

From these values the stagnation tempsrature
may be computed and the actual temperature rise of
incoming alyr evaliuated.

Siince the impulse in & constant saresz, Iriction-
leass dnct is constant, ons may compute the exit
impulse from the measured values at the entrance to
the duct by applying & reasonshle value of irnex
areg. See Appendix I

® = F

exit entrance™ Ffrict
o - g
Fp = Poyd ¢l = Pyhy(1iv M)
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Fyrom these valuea,Mz. the alr Speciflic Impulse,
and the riss in temperature, 22¥ be nassured as
before.,

By utilizing the pneumatic probe the stegna-
tion temperaturs of the gars 18 measured directly atl

= . B e m—ee W = 2 D XY aooe = =
By DIFCWiUIle Dy PopiniGiilpy wio i

&
gr
L
aq

lospes the trus stsgnastion touperature may be scour-
ataly estinated and the nessured rise In temperature
computed, From thess tempsralures the mesaTared Al
Specific Impulsw may be computed. BSince the pnemmatic
probe dependo upon the measured total pressure, the
Mach mumber and hance the stream thrust may be com-
puted from the static pressure tep at that station,

Ey virtue of the static pressmurs taps 1ccatad
&lcng the burner one may quite accursisly eaéimste
the burniing length and measure the flaze tempesrature
gt this ntatiorn (Figure 4),. The obvious advantage 1is
the minimizaticon of ths cocolant corrections.

The burning length is cdetermined by moting the
point along the burner duct where the pressure Arop
through the fiame becownss tangent to the frictional
pressure diop. %These measurements provide a means of
correlating the required dburmer length as & function
of air/fuel ratios (for & given combustor geometry),

15.

Rl gl AT RO RIS, S I T

S oS 5 LRI S 4oy,




WA AR AR TR AT, B -y 2. =

R B O I R ey e Dorimrr o iy e POy ) i

TRIENE

i
B

54

g

SR B

b o AP 2 e S5

Utilizing thoe momasntule pressure drep or probe
measwrenents the complstennes of combusiion may be
moagiwred fuwoughout the broralng lengih of the com-~
tator, ¥We nay, thersfore, plot a given percentage
of completion of combusticn versus distance along
tha duot for warioue values of the zir-fuel ratiec
(Figure 3),
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IV CONCLUSIONS

Two conbustion efflicliencles have been do-

‘ fined. and thres methods of evaluating theae
efficioncies are cutlined. In measuring ths
Alr Specific Impulse, both the pnawmatic probe

;
4
£
§

and ths stegnstion prosuﬁre rrobe present approx-
imately the same dsgree of asccuraey. Should the
design of the rccket be such that separation
occurs &5 the incoming 2ir passes over the rocket,
the error introduced,;comdined with the error inher-
ent in reading amall manometer dsflections at the

. combustor entrance,would aske the measurement of
this officliency at the entrance to the oombustor
perhaps cne psrcent less accurate than by the two
previoua methods,

Insofar as the rise in temporature is con-~
cerned ovrluation by measwrenent of entrance con-
ditions is very difficult. Since }ig a0 svaiuated
from the lmpules function la, at & maximum, of the
crder of .28,

eME . B s &

TG = P Ay «siﬁ,. P.‘?Az
s
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and Tzz evalunted from continulty is;
2 2/ . Th=l 42
Taz = (PpAplEr Mp(1e 2 35)

(ﬁ“i-l(t)! R,

The slightest deviation in any measurement iz

megnified approxizately one hundred times in the
c.mputation of the exit Mash mmber, Im these
2ostnn, Binoe the exit Naech aunber ranges from
sgbout 0.2 to about 0.5, extrene accuracy is re-
quired in the mancmeter readings using the stag-
nation probe method, 7The method, however, ia
feaslble and will provide & much better estimatle
of the true stagmation temperature, Accuragy of
the order of 98 percemt is oatimeted for thisa
method, |
The pneumatioc probe is accurats o 2 devie-
tlon of less than ons psreemi. Allhough the
pnsumetic probe is dependent upon manometar pres-
sure readings also, the sprsad of mancmeter read-
jangs is suoh 8 o minimize the percemtage inaop-
curacy. The rneumaiic prebe has the additional
adventage that tempersture profiles may b9 messured,
This in ompecislly advantageous in ascortaining
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the combumstor lengith st which a uniform temperature
profile is obtained.

The autbor would 1ike to sxprsss his appre-
¢istion Lo thw personnsl at Ferrestal Reseaxrch
nenter for their suggestions, imspiratlon, apd the
! operation of the test program upon which this thesls

% : is based,
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APPERDIX I

DERIVATICN OF STREAM THRUST METHOD

Prom simple momentum considerations 1t can

be shown that the force sccelsrating & fluid in
a duct is,

ady = -4{P4) + PAA -d?mct

Integrating betwson Stations )l gnd 2
2

”z"z“z’z“‘lvl"?z‘z’?l‘l‘lm"x’r

sr defining (PA+m¥) = mu«mz) = F
2 izpulse funcéion

in a constant area burmer then 42 €

£ SRR

Fo= I Perict
tanperedure. AL the salrance Lo the comdustion chasm-
ber in Beotion 1 there are two concentric gas streanst
the rocket jet and the ram sonbustion sir (Pigure 1),
Therefore at Ssction 1L the atrsam thrust will consist

of the mlx stresm thget Fl and the roaked stroam
thrust F,. Equatings

et - e Ao e S AT T et . .




3 = Fi¢F Frniot,
, 2
" e 222y o -
Foo= PA(Lev HD) = mp I = PjAL(LeM V) of

perfectly expanded (1),

tinn
n

[

hgt the bmrner dreg ccoffi-

R4

ciont squals one is masde, This value corresponds o
mos! aaswnptions in the literature snd has been proved

sxperimentally to be reasonably justified (4).

_ 2 2
Ferret = (CaplpiVisy = (1) PyA v My
T

.”.,,.
R CORGRET  T T RBRTY %
I e i 5%

Thereoefore:

. 2 2
Fp = (Pdg i Ay )-(Ryayryiy J+ (Pyagsa V)

= P1A1(1471H§) + PjA, + T, measured
2 Y

P
1 -1 ,.2
Isentropically Py = Py p— = Py (lel3= “1)
Expanding by the binomial theorem:

o e |

and neglecting terms of order Hh, since Ml 1s smally

Fy = Py (1e J)(A-JPemnnn)
= Bty REREL M)

. = P

<] A R

i LR

&

HR R

alAl

{Note? The subserivt 1 on the Mach number hss heen
dropped for eimpllcity.)
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“' ) and since Az = Al"’“r
: 2
where the last term 1s negligibdle,

The approximstion has proved by measured values
on the Lurmer to Aiffer from the exzoet messurement

by .4 percent at an sntrance Nach nuwber of .15,

oy
s R ER T

1o e

Fy = Pyyh, ¢+ 1T,

Hemoce from measured values of rocket thrust

and total pressure the lmpulse function at Section
2 may be evaluated.

Bt PR R e

. Ex1{ pressure of the burner, if unchoked, is

barometric. To evaluate M,, values of y calculated

for the measured air-fuel ratio are used.

This
assumption lntroduces a slignt degree ¢f error, in

e Ry

view of the fact that i‘z will be below the caleculated
adlsbatic flame temperature for that mixture ratio.

Heving ccamputed Fz and Mz obtain Taz

From contimzity azmlr(namf)
- ) Yol 42
(mamr) = (BVA,a = szzl'lz fé?; 1+° 2 Ha
w
/EX, 32/%,
Substituting for Pyh, in P, = P4, (ley M2)

- 1/z
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]
4
%
. 2
? ¥, = = (lem, /"a) T (lev )
-! . !- gu
1 - 2
: °
% at Kz = 3 l’c’“z = 1’2
4 L ]
3= a 0e/n) T
v Y, R
|4
{ »
! w8y
N
4
3 end dofining
i 2
§ v(x,) & f%_ " (levgla)
: F, K Yatvaen)(eG xg)a
&

The Alr Specific Impulse may then be defined:

- . ’?/n‘ = 8,7(n,}

I? is Lo be noted that ¥, is & function only

of Hi. llr, L’ia. and ﬁg, Yoo ng where T’M is assumed

%0 be the sdisbatic flazes tamperature, Thermo-

shemical computstions of soullibrium coapositions

of combustion preducts end sdisbatic Flame towperu-

:
g
o
%

ture thien may be vlotted as thecoretinal ﬁﬁsa values

e o
vorsus air el retios ®, /‘f.
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AFPENDIX I

"o - o -

DEVEILOPMENT COF THE PNEAMATIC PROBE

The pneumatlic probé is based upen the prin-
ciple that the mass {low through & choked orifice
cen be measured as a funetion of the upatrean totsl
pregsaure, the orifice asres, snd ths losal npeed of
sound.

2
Noting that (T/?s)aonic“ 1C7Y8]

The mass flow of gas may be written?

1+l
\/ (22)"
B = Aypirice Ts ET 73T
Vs o
= APy £(r,R) 1b/sec

e e ——

b4

where Pa may be measured and A orifice is known.
If the mass flow through the water cooled probe
is chilled, frozen equilibriuwn may be aasumed,
with ¥ and R constant. By now flowing this coolsd
gas through a seecond sonic orifice, the mass flow
may be computed from measured valuea of orifice
arca, atagnation pressure and atagnation tempevs-

ture. At the reduced gas temperatures 1t ie

25-

. . P v a T

B T e =
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5 posalible to use an unshielded thermocouple with
no cerrection for radiation lvsses. Ry aguasting
the masa flowe the entranse stagnation tsmperature
may be computedd
m = APy T(Y,R) = AP, TNR)
a L

or

2
T, = ["1? 1
3 = 1?5 2
8 ‘2J 2

The gemeral configuration of the probe 1s

&
&
3

4

$llustrated in Pigure §. 7The hot gas 1s eucked

* in through the front orifice at sonic velocity,
sooled while passing through the water cooled
probe, carried through an electrically heated tube
{to prevent condensation of the water producte of
combustion} to the second orifics. Static pressure
taps sre located before and after the second orifice
leading to mereury menometors., By cloaing the line

o Lhe vacuuk pwsp boih manometers will indicate

the totsl prsesure at the probe tLip. 3ince the
tube to the orifice sres is so largs, the upstroan
%8p reads sesuntlally staguation prszsurs while the

: tap dowvnetlrear provides & chock that the preassure

i ” X
tm. e B RIPTINERD LT T DA R ¥ I BT
w3
(£
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ratio is » ~h that sonic velocity will be maintsined
scress thia second orifice.

™he size of the orificea is in general Adotor-
mined by the size and hence the msss flow of the
veocuws pudp which 1s avallable, For ease in con-
siraction and to minimize the percemtage of devia-
tioms in areas from corrosion, «tc., the maximum
arez available was selected consistent with the
capacily of ths svaillable vacwmum pump and & reason-
able margin of safety.

Utilizing the HACA uriterion that a pressure
ratio of 3.2 will insure sonic flow through a flat
plete orifice, Ag/“l was selested at 3.3 (5).

(D = ,080/D = ,073) matching drill sizes

3ince -
*
Baritical = MFelV Tg(dy) 1 1b/sec
yol
'E&sl

maximum {low would ocour at the lowest temperstures
and highest total preasures anticipeted.
AbD
T = 500° R, Py = 17 1bs/in®, v = 1.4
The mass flow.

]
% = .0303 ibs/min = 3.00 £t%/min

o g e

T b
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ad 8 vaouum pressure of 1.663 1bs/in” ebeolute,
which 18 well within the limitas of the misp.
While sonle velocities may be achlieved ai
lesser pressure ratios by utilizing a nozzle
inslead of au orifice, 1%t vas found By ths NACA
that a sizadle cooling srror was introduced due

tc the passage of Lh

oy cmam ¢hvacemie dhha Ta
- 2854 Rl ws o

cooled rnozzlie. Feace a flat plate orifice with

en L/D ratio of .25 was used (Figure 8),

The general construction of the prove is also

1liustrated in Figure 7. The innermost gars tube

18 1/8 inch standard stesk(.03% in. wall) stain-

leas steel tudbing. Surrounding this 1s a 3/3 1inch

by .020 inch well stainless steel tubs to form

the innar cooling ennulus. Btainless steel was

chosen merely for ita resiateance to rust end

corrozion in general. The ,020 inch wall was
delred in order to equallze the inner cooling
annpuluz arsa with the outer., The cuter wall forms
the return cooling annulus, Standard size 1/2

inch by .03% inch wall lnconel tubing was chosem
beceuse of 1ts high melting point, The probe tip,

containing the front orifice, was constructed of

oo
£
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beryllium copper because of the recuirement of high
heat conductivity to remove heat from the lip o
the flat plate front orifice combinad with resis

tance to deformaiion (Figure 8).

The preliminary heat transfer celculatione
were based upon the messured cooling weter vhich
could dbe flowed through an orifice 85 percent of
the silze of the minimwmm annulus. The heat transfer
re’ virements were then somputed based upon the
maximum area of the pro"t;a which could be insertsd
into the dburner duet,

‘Baped upon MoAdams {6

h«ater = 150 (14-.011!‘)("&(%9:3 = 6,850 BTU/hr rtz Op
(Pwn)’
in

' I ¢ = 5,650 BTU/mr 1t° OF
h tube = GIY thickmess

Bens = g (E%)J Eh'l(‘q';g).szhw]: 99.9 Bfwhr 112 Op

for croas flow of gas sround the tube at V=186% ft/sec
Tgas = 2000 °r
The overall heast tranefer coefficient wae com-
puted to be :
U = 96.7 BTU/ur ££° °F
or

qa = .649 BTU/in® sec.

2%,
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end the Wulk tenpsraiture rise of the watoxr

. g_A -~ 50,1 %,
Byater

Thego colculetions verse hased upon the esti~
snate thet ths thermal conduetivity of inconasl
sould be representsd by ihs condnetivity eof
stainliezs stesl,

Under ;hese conditions the gas flow boocomes
B = ,0001 845 1b/see and the heat traneferred te
the immer cooling srmmmliuns besomes negligibls,

It is desired to quensh the temperature of
t*he incoming gas quickly to insure frozem equilil-
brium. However, the temperature must be high
enough that the gaseous water comMistion products

- will not condemse atl the pressures 1531&0 the
system,

Tndsr the pressurss and mass flows exper-
lenced in the prode itself, it is apparent that
the Reynolde mmber is such as to placs the flow
in the laminsr rexime, Hemce the film coefficleant
b was computed from the equation (7)°

214 1/3

/ v
per@)” () (3 ()

Fisawsity valuca at redused pressures wWars
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utilizing McAdams counter flow hent transfer

ecuation?

[ ar, - u,aT, | :
BTY/ar = A Lm 0, j vhere A=xDL ft°

| L T

i was determined to be 21 inchea, This doss

3 not represent an exaet solution but an estimate of
the ex1t temperaturs, The aciual solution would
have placed the length at about 23 inches, but since
the gas temperature can be controlled electrically
along the incoming ges line 1% wsasz declded that 21
inches represented the most convenient size from a
neohanlcal viewpoint.

Mechanical conciderations dictated a bend

radlus of 1.8% to 1.5 inches. At the minimum

! bend radius of 1.4% the &iameter to wall thickness
a3 conpared to the bend radius to dlameter placed
the cutside tube in the near reglon of recuiring

internal aupport, whlle the twe Anternal tubes

1 were nat coritical,
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The probe was asseabled in ocorrest align~
rent and a commareiel bending alloy (with a very

low melting »noint) “2s poured inte 1t 4o asmsure

- P wnctmin g m n Sl w8

To i e WS DAk

was run through a coll of heated copper tubing

inmersed in the Zurnace, the temporature measured

Tonahis SRR R el L

géight inches frem the exit by a ceiibrated chromel-
slumel thermocouvle, and pazt ths inserted probe

tip. Evory praesauticn was taken %o avold radliation
errore from the watsr cooled probe tip. Both the
calibrating and the probe thsrmocouples werse calil-
bdbrated against standard Natlonal Bureaun of Standards
Platimum -~ Plefinvm Wwdlue Fhermosounloes, Tha
values obtained showsd absoiutely negligible davia-
tiona from the Leads and Rorthrup thermocouple tables.

The appreach velocity wese maintained st Iron

L FRO R

20 to 60 fest per second. This war to pravent the
possibility ¢f the strezm tube sorubbing sgainst the
water cooled $ip and hence introducing an erron-
eously cocler measured temperature, The gemeral
criterion 18, that 'the approach Mach mmber muast be

such that the free stirear tudbe area, Ao’ muat Lo

sl

it
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lenn than ihe fronltal eves of the probe (5)¢

Beyond 3509° P the temperaturs was calibrated
wiillzing the Svdimm D line meihod. Rasulte of
this ealilretiozn indloste & dewialtlon of less than
ons parcent,

One precaution “w be ncted is that since the
orobe s extremely ﬁmaitive %0 crifice ares, pare
tieles of carbon or cildes whioh misht bdlock this
ares ¢an latvoduce sewrisnsg srvors. Auothsr consid-
aration ia that the probe will indicaete sn averszs
semperature, To reduce the response times the *¥lasd
Pas e wube anonid be thé ninimun dismster sonaistent

witn thoe meos Tilsve

55,

TR B 1Y g DT R i e S HE

A PR VPP R, IO TP  AT  E AL D




T e

! JHA9IS

T T

3|zzof; =

b LIX3 A018NQOS +
// l/ .

. N\ | QOUDHUT 201SNFUWOT =

FEPET Y

7 fajyy
\ Wouads 8sdd =0

PRSI N -« SN

et 1R Al

o

~
b
<
W -~ N o<

i

I
4

L epemime™”
b e

4

rampare==’

|

L]
" —

T RS L T AR L I

’ A . i..,.
} < ———

B AL

W T 2 P

| A o) B AnBIFuUC)  §IN20H WD

A LTI . B2 S SCRVIIE S PRI S MPE St L e L

(o

et S




R e

R 2 38n914 S u

{ Wk e
,/ I _m.
e, 2s n_u. \ 4 / N
_La = = ; _, == IGM0IS \F
AREREAGRRERER : / m
\ \ S i {
| d | m ;
/\\ % |
| sdoJ d o M.

A |

81NSSa3iqd J1i0iS

NOA Ajpiascigng

R R SRR e o TAT

el s

JnoAo7

-
/_
././.r

13]000 Ay

Juawdinb 3

Anjueps 10§i4

§se

B

NN VT e O T

ST PR S




S T T R R T R LR T 4 S PO AT TN e TR PRSI O P, Tl S Wy

e i

e

1.33
P Variation of )
With Mixture Ratio

FIGURE 3
l I | | |
|

Stoichiomeitric

) \//
\/

1.24 |

RO WO ey
mm“,L,’..,mfﬁ%_,ﬁmwgfm};wwmmwwmmww
» ®
[}
. r l
i
¥
Y

R

O i o b TR SRR RS R RIS Sy fOmCAPNDK) mmm&m - £ rron o W57 L




AN PSRN AN Y e

912ZO0N 23020y WOI4 Sigjewdig
ol 8 9 7

NPl o ¥ & DN
s f.pG.Gdr
$

" mmmvn

¥

NOILSNA

B

b FHNOIH N R N L

NOILNEIN.LSIQ YNSSIYd DJILVES

00 aNY ONIXIH

Lt
B
G Twelde

- \\'v ; &
Y
e

e

)
=~
<
L
L)
K=
~
»
L
i
=
-
o
i
e

a
4

ié?

PR o o B woimn s o -

v
vopreren®

< g e b e A

o A

Ve

Ll ety

R b

o o T G R s, B AP A, T e g

r ane

e e By e S



B s L e

I

I T T N e

|

|

“ _

——1

o oy

(49

nz&......snio\w 40 NO! 13714vw07 %0k S 3 me(.@ LOnJ

o~

JorosdATSRiA

_
O g} e o ol

TN R e T R RN RS ISR IS TR

e

e

o Kerd et ot

R TR o R 228200




. T T S A T b e e VAL

T N T R T TN e R e Ttk

63113did N&éHl ik .
b vl =7 g
j JFIINVS SVO JOIviavy JWNd
e ®- N — T
w It (—""
WOGCH m
m& TOHINOS
N
\
N
AQM\% I HINENGET L ..\5/
X
® ¢ 3
7| R Rk
vw\ N
N
N
7 . A | 38059\
I + m.n‘ o N \
i 1 N
v S
JFT1INCIONYIH L SS0H SSE AT

X31431L14

B ]

e i (o TVt PR P e T

!

Lm. T TR VD AP o

R RN




Lt

ke

?11&‘4

oy t-..rr.r...r.

e b

....H.Z#.fo.ewuﬂ = .p#...fv .

G fEow-1ag

Hug ~

55 Ll St T,

J.mw

wummswwm

L

R et

i e s

kA A T NI I

st

S

e

L e s o ge e




TR 37
i
X 2
3 .
A 3
- . " o i ¥
ot ik . X T ll.b.llli.it.lcf..\,\i, e Y X W {
2 1% ) ,w RIS e SRR T A S

At 4.4\. Zo au | Bt el e

S lal e o e Ty G un ook
: (b : duﬁ@m m,..i.@j.”w\ .“ L e R

e s s — A‘.’.l.ﬂ\: o

R PR p I SR N B i

0 (,” et UN..{.E' Al..,ir..l r;}ﬂrvs. .:NVA..., ... + .:. ,‘ e

Lo 0 .\.!V!ﬁ., 35 ‘ At & S i
w.\. PNq? : B \\\ g 4 7

Lol w5 R

o e e et e A l;\lbbl‘ Jov:

§2 bl wzﬁunﬁﬁw THM N OMIQTS ZOW?

m_ : .ﬂ ..rﬂ(& V?d)ddw.-mk... LNiod m;z..r Y i
,.,Jm«mwfmua WHV A HONE DS




. o i - e LG S L U pa e i . FRTR e——————

med Services Techmical lnformation Agency

Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to other requesters. Your cooperation
will be appreciated.

NCTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFITAT1uUNS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WIT.. A DEFINITELY RELATED
GOVEERNMENT PROCUREMENT OPERATION, THE U. 3. GOVERNMENT THEREBY INCURS

NGO RESPONSIBILITY, NCR ANY OBLIGATION A"'SOEVER AND THE FACTT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNLSHED OR IN ANY WAY SUPP)JED THE
SAID LRAWINGS, SPECIFICATIONS, OR OTHER DATA ;S NOT TO BE REGAPDEO BY

1. IMPLICATION OR OTHERWISE AS IN ANY MAKNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
USE OR SELL AW PAI‘ENT:.D INVENTION THA MAY IN ANY WAY BE RELATED THERETO.
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