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4 
Tli« tant prograa d«pcrib*d ln thin report wat d«iaiga«d 
to d«t*raia« th» feaaiblllty of using « vitlattd «ir 

for tint PUr» facility from th* 1(111,111111)01..11 of 
buraar stability •ad coabustioa •fflcloncy o»«r *, wid* 
rang* of operating conditions. Th* h««t»r wan *valuat*d 
•t a«sign pr«8Bur»s «id t*ap*ratur«o conaisttnt with th* 
propos*d tasting *n**lop* using liquid propan* fu*l. 
Coabustioa pr*aaur*s war* varied fron 42 to 491 peí* mid 
*lr weight flown fro* 1,5 to 216 pounds p#r saco id • 
Stahl* coabustioa wins found to aalst unci«* *11 operating 
conditions. Flow nixing deviens wars evaluated. Parfor- 
««nine« of 80-octane fuel wan investiga tad. A coabustion 
chaabar flow «circulator and thro* fuel injection con¬ 
figurations wart evaluated. Tanparatur# profil*# acrosn 
th* outlat proved ralativaly fist. The fsasiblllty of 
using this burner for PLUTO facility air heating was 
aatabliahad. 

1-8.7 
, .19« 
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PtfKiiri FE 
ï im;:: if ill b#!" 

i'lllft 1 

1.0 S OHMART.AND.COiCUJS I Oi S 

Iht viti'init'd lil;r sniiinSiIt for üb# as th# mir 
h*«t#r In tb* PLUTO facility, Entniniition of th« burn- 
•r interior" «fttr thi t#«t. progr»«i »howad that th«ra 
'wtT# no carbon d» pool tu left in th# bur-ntr or on tb* 
#*it orifica «fttr Bon* 2000 gallons of propan* fual 
lud beta conauntd, Tan’paratur* control was pracisa and 
:r tapons» axtranaly rapid, « no ..lid th* bur oar 
t*nd to b•con* unstabla, atea during rapid fuel and «ir- 
flow transíants whll* coning up to tast points. Qaa 
analysis indi cat «cl no CO wm prie «nt m the '««hauet gau 

with aithar Po-octan» or propana as th# fu#]. 
V figura 1 \ Tasparatura protiias war a g«.n#rally flat 
across tba burnar diacharga with th* final configura- 
tion, (Figure ? ), Both hydrogen ign.it ora and a park 
plug» wer« successful In igniting the burner. The use 
of on# turbulstor in th* upstream position proved the 
■oat ti K «et.1 ¥•, A combustion chaatber flow rtcirculiitor 
proved ineffective. 

Combustion efficiencies ranged fro* 82* to 98*. showing" 
« saxinua at value« of IT ~ 4-5 (;;«« Figure l ). 

Although the bulk of the documentation pointa have 
lower-than-op tí «un value« of ¥ , optimum sizing e:f 

DP 
the full scale PLUTO vitiated air heater will be nade, 
lhe inherent stability of this heater, together with 
its transient capabilities, provide a flexible, effi¬ 
cient, and most economical solution to the air heating 
probier«. Therefore, the stored energy type heater 
currently specified for transient heating in the pre¬ 
liminary design criteria will be elieiinated to provide 
substantial savings in facility cost. 

""Modified Dezubay number (See Paragraph 5.1) 
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1½ per 1,1 j" h ‘ I, 
iMpr ... '"'(.iP 

liTKODIICflOI 

2.1 Prior to lh* 1,960 «ffort, ihm PtlJTO fjufirt; •■glB* 
tt'Ut. fine 11 ily pri«l iniiwrf «ptctflod • 

iiir litirttr «.o provid» ttr rtqulr»«! f»rj 
J»1«11 ... flow« (aOO pj» «t ],100«P «nd 610 palgi. 
Th# «ar htating upprcun'h w«» b»~ 
eaii*'t of th# l.*;rg» coot sovine« ov«r «tor»d «:n»rgj 
®r indirtet-typ* h,**it*r». In ord«r to anaur» thi 
fMaibllUy of •acli • larg» vitlatnd air h»aUr, 
M •»pariittBtal t»ot profran waa «uthorlaad darin« 
19<>() »aln« o seal« aod»! bo:i»d upon th# Marquardt 
ùudd*n Expansion (3IIK) burnar 

i!.,2 I h# o b.j ne ti mm# of »hl» tii1 (tt pr ogra Hi wert 

• ) fiaaljiB, fabricat» and last a high-prtasur» 
dlr«ct- burn in« typ« h»«t»r that will ««nr» 
■» « «cal« nod*I for cMintruction of tb* full 
•cal* PLUTO facility air htatar. 

»»I Dtttrain* tba ■cat auitablc burner configura. 
tio: (futí, iajactors, flow nixar location, 
•te.) to obtain ti» ht«h«Bt •fflcicncy, good 
o«tl.#t te* par a tura profiles, and no objection 
«bl» «xhaust products . 

c) Evaluai» this aost aultabl» cob figuration, 
wr tin* whol* rang* of tb« rdquir#«. facility 
parforiMiBC« »nvvlop», including both steady- 

and tranaiant conditions. 

*1 ) .tot,«minis th« abov» using propane and: one 
« 11 • r nui t * h y d r oc « r b on f n * 1. 



f»*'p«rt fi ;mJ 
l)«"Ciii!i»li:iiiti' Ï0, 
Pm* 
..... ..J.. 

1.0 PiOCIDlIRl 

't.l Th. 

m) 

p Ilia Hitt : t««»l pp«*p*ii mm dlvldtd into two 

ISJACil« : !l.„! smsMl.Mfllff coBflcpr, 
iJa®- e«i«s:|i(|#r#í 1« tbls phast 7.™. 
i«•! JutJiictot.. «ml turbulutor (! flow 
*t*i»C ¿trie*) location, 

ÂïiS£.llai_2i.JM.SMI.1.01.1111111 « c mi f lirur*. 
»Ml ÍM p£ls. £SiS SÍ.ríiüTpid .... 

mlasgsi* Kr-iaf thin pu.a,",is.„«„„i,, 
»<• * t«àt» from th# burnar diacharft gasun 
«4 to cl.t.r.io,. tin. parc.nt.g., 0f 

, CO, Mi: 02’ r*w ;fu*3- pr.nêBt in tin.. 

5.2 
37 r*“‘ 0f total till. 

Ji« nit 2.2 mu con.«titulad ttaa phas. «) portion of 

, th* r.aialning 15 runl Zrl 
tin! **• Of th. coafigi,ra¬ 
tion. ft* .1111111,io,lag 10 rui» w*ra um4 to r#ch*ck 
a*tm obt*iB#<i d«rlng th. plut at «) p.Pt 0f tha 
PM*«,, *B11i to . «park plug flB igaMm 

3.3 ft# tunta w.r* di»i«l*d into five groups; 

•) recirculator »valuation, 

b) turbulntor «"•luatian, 

c) fuel injector evaluation, 

d> 271 confi*ur,*tion u*et..t8- 

• ) So¬ oft an* gasoline «valuation. 

It nltgr?P‘ tbe h*ater "« operated at a m«b,r 
of flowB, pressures., and températures which smu- 

Tbe ?rîurîr«ft 0f îh:,rB'|Ulr*d °P*r*ting envelope, in.* actual »«lues of How, temperature and pressure 
used on each test are shown in TABLE ! in the ner 
tom«,« documentation, the test points cover tj' 
•ntif« required operating *nv.lo.pe except the 
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3.0 PlWXIPWti; . contimtíí 

3.« 3' eOBtiBUMMl 

H*por t f"l :::ri8 
OiHeitHfb*r 30, i 

£aiaJ......... 

.... l>r«'i,mr* polat, 545 pola. Thin ¡»oint waa 
«it it ta in« 1> It wl th i.i ti» «Ir aya tan líiilt* of 

.W, % Uta tim tha haatar had haaa Ipiitéd. 
«■** «ir <1« brought up to tha ■•liiiu®, th# «ir 
atoraga praaaura had drcppad balow that raquirad 
to obtain tha high praaaura pointa. Maxinua coa» 
bu*tion chaabar praaaura obtainad waa J+9l ¡mí*. 

3.4 Two furnia war* »until, in tha tast pro^r«», liquid. 
propaaa and dO-octana gaiolina» All configuration 
avalúa ti oa taata ikimI th# final con .figurât ion, poi"- 
foraanea docuaantatUn war a run using liquid 
propana. Tha flO-octan# gtiaolin« w«a asad on four 
ru» to próvida data for coaparlaon of haatar par- 
foraanca on ••ch fiial. 

J.5 AU testa war* run uaiag ambiant t «apera tur« ini«!;, 
*,ir fron tha 600 pal air storage sjrstaa. Air flow 
mu.,« controlled by positioning «. 10-lnch rotova.lv» 
in tha air supply line to give the desired pressure 
*t th.» haatar exit. DiffartV: pressure vs. flow 
characteristics ware obtainad by uaiag different 
•1» exhaust orificáis with t/j* haatar. 

3.6 The desired, haatar exit gas temperature was ob~ 
tallied by regulating th« fuel flow into the burner 
with a mectually controlled, pneumatically-operated 
Annin valii*,. 

3.7 The recirculator evaluation: teats were terminated 
after two ruas due to recircule tor overheating. 
Data, was obtained from only one run... 



H*porI fl 
I)»c«i»l>»r ’íí) , ]i 'jH','1':1 

*) 
■.>»■■■(!■...... 

4*° ái2í.S¿S§. 
■‘t.l I«I.Vil Fácil i t.t •• 

Th« tant war* conducted in Call ? at HJL.Vi. 
This call ia danlgnad for (••roiynsaic and coabuo- 
tion tasting. Th* «Ir «apply e/stea was aodlflad 
to próvida a conaactlon directly to the 600 pul 
tanks so that air waight flows up to 250 Lbs/sac 
at 600 pal ara available for blowdown tasting. 
This is shown on Drawing 702951. 

An Independent fuel ayataa waa provided consisting 
of » 300 gallon run tank, fuel saterlüg apparatus, 
and fuel flow control valve. This in shown on 
Drawing 70295¾. A fuel tank pressurizing eye ten 
all©ws the tank to be preaaurized with nitrogen 
up to 1000 pal. The fuel aysten will handle 
liquid propan«' and all connon hydrocarbon fuels. 
The fuel ays ten 1» ehown in Figures } aad 9» A 
hydrogen-air ignition ayate* waa initially pro- 
V i d i» d f 0 r c 0 « bu a t i 0 n t a a t * ( F i gur « 5 ). La t e r a n 
aircraft-type «park, plug waa installed in each of 
three positions located axially along the length 
of the conbustlon chanber just downstream of the 
step. In each cas# the plug was installed with 
the electrode, flush with the inner wall. 

A control shed contains the fuel system and igni¬ 
tion systen controls and the test it«» instrumenta¬ 
tion. Air flow is controlled fro« the Cell 2 control 
roo*. Telephone communications is provided between 
the Cell 2 and Cell 7 control .shed. The control shed 
is shown ln Figur« 6. 

For this test, the cell was opera ed on an ambient 
inlet temperature blowdown basis with the burner ex¬ 
haust open to atmosphere through .he facility exhaust 
ducting. Air waa usee! from the 600 pal storage 
«y»te.» to provide the pressures and flows required. 
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i!" * -! S-BE Burner 

Th« SOS burner uaed in the test c 
inch ¢1 ta ««ter inlet stttion, n 12 
caabuntion chenber, and on 8 inch 
pip#. Photographe of the burner u.- 
Figure« 7 , 8 , 9 , If, «ui a. section 
Figur« il , The burner was mid* up of flu* spool 
sections. The upstream section consisted of a 
straJght 8 inch diaaeter pip# with, provisions for 
■eaauring inlet air total tsaperature and pressure. 
Thi» section wine not water cooled. The second sec • 
tioo (which is th» coi» bus tí on chamber' consisted of 
«a o inch diameter inlet, expansion plate, a short 

1-'- ihch diameter section, fuel injectors, and ig¬ 
nitors. The third, section consisted of a plain" 12 
inch pip« spool. Th.« fourth (section consisted of 
a 12 inch pip*1 „spool reduced to 8 Inch dismeter at 
ti» downstream end. This section contained tenpera- 
ture and pressure rakes. The fifth section was 
plain 8 inch pipe. Sections 2, 3, and U were water 
cooled, 

ihre# types o( fuel injector« wer« tested; a 90" 
slot type, * 60° slot type, and a ring-splash plat« 
typ«. The nozi4.es were inserted through Swagelok* 
fittings in the expansion plat*. Photos of the 
fu»,l nosales are shown in Figures 1?, IJ, 14, and 15. 

Flow mixing devices (turbulators) were tested in two 
locations, downstream of the second section, and 
downstrenm, of th» third sections. Th« turbulators 
M6T« water cooled orifice plates with 8 inch diameter 
openings. They were installed between the spool sec¬ 
tion flange faces. The turbulator is shown, in Figur* 
lr'. (The carbon deposit resulted .from 80-octane ’ testing. ) 

A flow recirculator was also ova 
Hinted of a water cooled cylinrf«.. „„„ 

combustion chamber in the second spool section. 
Tht recirculator is shown in figura 1?. 

luated. It con- 
r inserted into the 

"Swagelok is a registered trademark of the Crawford 
Fitting Co,,, Cleveland, Ohio. 
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4,f liPPAM^'ga - o 01 ti. ou inri 

**.2 SPIt Bitratr - ooatinu«d 

áu raduotr was probidad «o that tí» burilar 
could 1» op*p«t»d «t • laltt-to com  

«roo ratio. Th« bursar Ignltod 
•ad hura«d «ttbly «•lin th« r«duc«r, but th» 
tnirbuliitor ovarh«at«d «ad ■•Itad. âppartntly 
th« r«duc«r fociu«d th* coubuation fl««» on the 
turbulâtor «ad thereby traaaalttad nor« bmt to 
th« natal than tha cooling watar could ranov*. 
Bo data was obtainad with thin configuration.* 

Fia« axhauat orifico» war« provided to allow 
•valuation of burner performauc« at a rang* of 
tenpariturta, flown and pranaur«», Thas* orifices 
wer« insartad batwaan tin» flanga facts of the 
fourth and fifth spool »actions. A typical exhaust 
orífie* is shown in Figur» ifl. 

4.3 InatruMantatioa 

The burner was instruoeatad to saasurt the follow¬ 
ing pi»rimrtero: air flow, fuel flow, inlet air 
tawparatura and pressure, axhauat gas tenpariitura, 
•ml axhauat gas pressure. 

Mr flow wM. ■«•«ured with «a ASHE sharp.edged 
orifica in tha air supply line. Pressure upstream 
of th* orifice and orifice AP war« displayed or * 
photo panal in the control shed. 

Fuel flow was »asurad with turbine type flow Beters 
upstr««« of the flow control valva. The flow was 
indicated as % of ■axisua on a gage on the photo 
panal. 

Inlet air total temperatura was measured with an 
iron.constant thermocouple prob«. This taaperaturc 
was displayed on « "Lewis'1 direct reading tempera¬ 
ture gaga on the photo panel, Inlet total pressure 
was measured with two proben manifolded together 
end connected to a pressure gage on the photo panel. 
The pressures and temperatures wer« measured in the 
8 a ■* V e r 11 r; a 1 p 1 a n c. 
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Kxhaawt «aa t*ap*ratur* «hi 1111111,11111:0(1 at a*v*n 
foiita «er®«« tit di.***t*r of tit bnrntr with 

¡trt«i rah®. Chroa®l-alua®l tht.aoeuupl®® 
w®r* iifiti •« fl«a®ia« «loarata. Th® t#iip*nitur*§ 
w®r® él«pl«y*d on *'L®wia" dllraet rtadlng t«ap«ra> 
t«.r® f«®#» ®a th® photo paaol, 

fxhsMi «•« total pros««» was nt«*iirei with * 
total proaowr® rah® located In th® ana® vortical 
piai» «1 th® t«ap®rattir« probt, TU« proiaur® waa 
Indicat«d on « fag* locatad on th® photo panel. 

Coabuntlon chaaber wall t*ap®raturas ware atasurad 
at four points along th® laagth of tha chaabar. 
Th«a® ■•asuraaanta war® usad for control purposaa 
only. Th® data obtalnad fro* thaea readlngo was 
not uaad to «valusta burner parfornanca. 

0(:01,1:11111 water t aupara ture win» ■•amiriid with on,# 
tharnecoupl® at th® aupplg point to the burnor 
and « separat* coupla at each cooled section to 
■aasura th® discbarg® wat®r t«aparatur®. Th« 
flowrat* of water to each section wan also a*asur®d. 

A photograph of th® »hoto panol record of a, tent run 
is shown ln Figur® l«}. 
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5.0 mamm omsuire 

5.1 Th.» vnrioua burner configurations tsntsd w*r* 
svalustsd on tin« basis of coabuatlon @ffiol*»cj 
and tanpsrsturs profil* in th« «il»«ai g*», Th» 
coabustlon efficiency as usad hsrs 1s dtflned sa 
tlit ratio of actual g«» toapsraturs ri*» to ideal 
tanpsraturs ri»». TÍ» actual tsap«rature ris» waa 
deteriined by »'ding th» gas teaperature loso, i-se 
to heat lost through th» water coo1*4 walla to the 
seaaured gas temperature rise through th* burner. 
The ideal temperature rise is th# rise which would 
occur if th# fuel was completely burned to CO and 
H.,0, Th# temperature profil« in the exhaust gna 
wâs measured directly with che temperature rake. 

Combustion efficiency la plotted vs. a modified 
De*u.ba,y number, V , where V in th® gas velocity 

DP 
through the burner in ft/sec, D is the exit block¬ 
age ratio (burner flow area minus exit orifice 
area divided by burn«' flow area , 

and P is th® absolute pressure in the burner in 
psia. Efficiency data it; summarized in Figur# 1. 

5.2 The recirculator evaluation teats were termina ted 
after two runs because of inadequate cooling of 
the recirculator. The first run was «ade at low 
flow and the cooling problem waa not apparent. 
The second run wans made at high flow and the re- 
circulotor overheated. The data obtained from the 
second run showed that there is no particular ad¬ 
vantage in using the recirculator since combustion 
efficiency for thin test was 75%. 

5.5 Final analysis of the fuel injector evaluation tests 
indicated thet the best combustion efficiency was 
obtained with the 60° slot nozzles. A comparison 
of the efficiencies and teaperature profiles for 
each fuel injector using one turbulator in the up¬ 
stream position is shown in Figures 20, 21, 22 
and 25. From the data, it can be seen that; there 
is not a large differ»nee in efficiency between the 
60* and 90® clot nozzles. The slight improvement 
with the 60“ nozzles is explained by the fact that 
the fuel is not forced into the high velocity cor* 
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*® DISCUSSIOW.OF RESULTS - contiau•d 

:5. *. continuftd 

of «ir *a,t«riiig th.» burntr «■ auch ae with th# 
90* slot aoztlto. This allows nor* of the fusl 
to ..i uni in in th# r*circulation zone bshind ths 
step ..'her# it can burn nor# eaaplattly. Th« 
poor p*rfor»«iic# of tilt ring and aplaah plats is 
«xplsinsd by th# fact that th« fusl is imjtctsd 
dirsctly into a high vslocity atrsaa and 1* 
carried downstraaa bafora it can barn coaplataly. 

5.1* Th* turbulator «valuation taata indie#ted that 
highsr coabustioa *fficisnciea war* obtains«! with 
on« turbulator in tha «patroa» position. A con- 
parison of combustion tfficioaey and tampsratura 
profilas in th* axhauat gas for oach turbulator 
location is shown in Figuro» 26, 25, 26, 2?, and 
28, Th# alaultansoua us« of two turbulator« pro¬ 
duced * vsry high prsasurs drop, and yialdad th» 
■»■# «fficioncy mm that obtained with just on» 
turbulator. 

The incroass in combustion «fficioncy with on# 
turbulator in the upstream position can b» ex¬ 
plained by the fact that the turbulator creates 
a large turbulent low velocity a.rea in th# 
annulus upstream of the turbulator face. This 
low velocity zone, plus the low velocity zone at 
the step, provide «1 larger volume in which combus¬ 
tion can take place. The overall affect is to 
.increase the fuel stay time In the combustion 
chamber, thereby permitting complete combustion. 

'/.5 The performance documentation runs wer» made to 
demonstrate the heater performance over the entire 
envelope of pressure and temperature indicated by 
the PLUTO testing requirements. The test points 

were chosen to simulate the gas veloc it y i tempera¬ 
ture and pressure, which the full seal* heater 
would experience. These teat points are listed 
in TABLE a. The configurati on used in these tests 
consisted of one turbulator in the upstream posi¬ 
tion and the 90* slot nozzles. The 90* slot 
nozzles were chosen after 0 preliminary survey of 
the data, subsequent data shows that the 60° slot 
nozzles give a lightly better combustion efficiency. 
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ï h « c o ni t» u ■ s t i on # I" f I e i • bc y # j é 11 * p • r i, t a r» |;;n r o i" i 1 e§ 
fer tî3«i docnii*nt*tion riu» ara shown in rig'ur«« 1, 
"i11 ma<t 2i:t ~ :S3' Ä« *fficiancy on nil runa ahow « 
dafinita t.r«od lacr**#* to i, ««.il.imBt: t:.¡¡‘ 93-100¾ 
• t V . » to and than dacraaaa• 

'J)P 
‘i'.é A a ampia of axhaust gas wan a.naiyzad for ralative 

concan trationa of CO,, CO, S„(, 1:)0, and un too rntd 
fu*rl, The analysis Showed n8 COt indicating that 
the combustion of the parcantaga of the fuel which 
w*8 burned wae coaplata. A small amount of un¬ 
burned fuel ni»» found in tfc sampla (0,.24% by 
volume on one test run). This amount of unburned 
fu«l corresponda to * combustion efficiency of 
84,5% for this run and agrees with the efficiency 
calculated from test data (84%), 

‘3.7 A series of four rune wer* ¡Bad!# using 80-octane 
gasoline instead of liquid propan». These runs, 
when compared with liquid propane runs, show the 
effect« of each fuel on cocbustion efficiency and 
temperature profil#. These pursniaters are com™' 
pared for both fuels in Figures 34, 35 and 56 
Aft e r t h e 8.0.0 c i a n « g a s o 1 i n e r u n a t a d e p o s i t o f 
soft carbon was noted on the inside of the heater 
This indicates incomplete ..mbustion of the fuel, 
No carbon deposits were noted after any of the 
liquid propane runs. The presence of carbon would 
disqualify this fuel for use even though the combus 
tion efficiency is as good as that obtained with 
liquid propane. Samples of the combustion producto 
from the oQ-octane runs were analyzed to determine 
relative concentrations of CO , CO, N. , 0., H..0, and 
unburned hydrocarbons. The results of thíse ánalyse 
showed no CO, and some unburned hydrocarbons, in ad¬ 
dition to the gaeeoua constituents. The lack of CO 
»hows that the fuel which burned did so completely 
(to C,0, and H,0). The rest of the fuel either 
passed through the he ter unburned or was decomposed 
to free carbon and hy». ogen. The decomposition, of 
son# of the fuel is indicated by the carbon deposits 
found in the heater after the 80-octane runs 
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Th» fctim«" i üiii, i * i im § 11, y wtth ».«f* 
*f ... Jli«* ...»1*11 ... 
|SH*iit fwil, ii«|si*ntt.i ifiiiiioa il11,•iiiytii» and 
liml'iMifti i®jmh'hlioB Ali net duiaii'i tfc* »p«rh 

5 „9 TU« «*rtli lu pu «p iMi-far*,#!«* «bow» a mvk*t\ 
d*ert«at in < cm b m ht lea •.("fiel*.. tm tilfin »it 
lian (ahov* 1,00 Ib/uto), whan lining ti# up» 
.. tnrhulatop. Mllh me turbulatar, lit- 
.. la low for «11 Slam hut «ti,11 •*- 
hi 111 tin th» tptaml to lavar «ff :1<j:1 tue in»« mt high 
iíltM*«„ Fro*» tlii«, it «an It dtduead that th* 
» t f 1 c I « a e y 1 » it f na e t i o n o f t Ji * #o 1 »■ • m p * t r * ».i» 
of tu« turhula tor. la poiattd out Ib th» tur- 
lula lor •••■l cm* t ion, th# t up b nil Hi tor to 
incr»»#» th* low aalocity toa» la vhLch burning 
iiiiii It ■ ttbllit#<|, It alio thoroughly 101:1,,1(1111 
tli# burnad •ad uaburnad ga»a»» ** tb»y p««« 
through tha «urbnlator «Tifie#,, Tu.« 111,11,,1111 
'HMneiiiwii Uta* flu» for tha low orarall fuel 
• i,r ratl«,it la»ol»ad in of by 
■ niag th* fu»I and air to btlew tb# itiaiiiua 
if“»1 •ir «'»‘to for » tonbuatibia ml 1 tur», Nov- 
liï,l th* twbulator downntr»«« would ppo*td# 
■or* 'foliim* for oumlng and allow nor* of th* 
("«•l to hurts ItÍ3r# th* flan* mm quanehtd. 
Ti* op tí mu,« location of th» turbulator would 
pronld* th# b«,at africl»ncy for th# rang# 0f 
n,o»i# and tanp*.«tura» d»airad. 1b, addition, 
pravloua tasting with an iS" dianatar burnar 
confirnad th» fact that humara could ba 
acalad ^ with da panda bit comb ustión stability,, 
Tht«, 18" burnar wan danignad using stability 
pa 1-1,11:(»ra obtained from * 6" di,amatar model 
tant program. Th* scale factor in thin cana 
mí 9:1 (aran win*) «ml 1» ideatical to tha 

■«cbI# factor batwaan the PUJTC) nodal haatar 
• ml th* full scale PUITO haatar. 


