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Reteroncesc 

United. Statea Depart~~~ent or COI!r.lerce 

lfashington 

ftlnJ1t ~;rani•· f•l £! B~•E• Cc:.mbusticn expe1'1Merits · 
have~eon~1ian~r; lou1 rue1n;3ect1on in the ·?'' bUrner. 
:l:fJl1tion all'! •table conjlnilt1on have been posllible at the IIIIIXfmtll'l 
air nlccity attllinable, but COJI!bllstion eft"iciency.,b aU~l law. · 

the present ?• burner cons1at• or a 48• lenr.th or ?• l,d. 
tub1~ 11c•rrurtrea~ fr011t a 7 l/2° diri'uaer, thU curruenr beintr 
~ 112 i.d. 11t Jta 11mall end. In all teatnmmalar, c:one-t)'TJ9 
flame holder~ •e~e located 6~ do~atream tram ~he -diffUser outlet. 
One nee holder conSisted nr a ainglo ri~, 3 112• in l'JIIfan dlalll• 
eter 1 •haJ*l in the to:rl'l or an anmzlar 30" coM, 31•" acl'o511 at 
the downatream end. 'l'he otber conahted or two lillilar rings, 
1 3/4" .00 ~ l/4• ill 111ean d1ac;wter~ Ttl• .c:'uel was in~ecte<i at the 
dittuser inllft in s0111e ·au••• an:! at th~ outlet .fn othcra. 
Injection in the fil"st c•s• was Ulrm1~h op4tn-end stub tublfllt 3t 
6 •.nd 9 being trifle!-. the distance 'llhich thtlae atub tubes pro­
jeeted into tha ·air lltrearn ·'!qa· abo -..ried. In~eetion at the 
diffUser outlet · wu throuib "per-f'auted copJ,.anar .l"inca. Both 
inJectors operated at· ruel pJ'ct•.~• tro111 --~ . to l~ lb .,.r 1<1 11'l • 

... . . •· 
Aa all"eac1y atated icn1tlon &M stabl• collbwlt1on were 

pcuitale up tQ :the~ ur -.,lohty attaim~bla :(abey,t 150' 
per .. c) 1 bl,tt the co.buat.ion e.rtleieno}' was or -the oi'd.r of 70)(. 

t Beat reaulta ·IMH obtained. ""'-n tbe tuel 'Waa injected at the 
dU'f'UIR inl.ett Where t'- t:u«rltne ta atoa1.Md b7' the hich-. 
yelocity ali' at:Na11 tlOWiq. •cro•• •the s.tTJ\1. $\abe•~ , .. ... . . . ; ........ . ' : ~ •.... \- ... ~· .... . -. - ,. . . . .. 

!Mae .X,.r1-.nta nll be c~t:lmuld usi.ftr lOA~el"·bllrftera, 
and with the ballefll' n .... hol4&1'1 .filled with ~·tell 1or1cldog, 
upon. 'llh1ch l1qu14 tuil 'Ifill be .dr~ dlll'1n& -tbt burrtina:. · 

, __ . , _. :; --- -- -~ 
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.. mt •.. ftl Pelcf' th! -of' 'H. 4 e • fn a wtt!on • nfa 411 i:Lz.~ ::7/1. hollter (aee Fi~ l 3l1t report) have 
ildicatad that ~ 1'1• dh~ibution \J'Ditreaa ~~ oons1danble 
effect Upob the len,th ot .tbe tail pipe 9b1oh ~•n be uaed while 
•tntalfting si!IOOth OGIIbustion. V/1th poor upatree!'l distribUtion 
it ftl Y&l')" dif1'1cult to 1n1.t1ate 111:100th lnU'nillfC if the taU Pi%18 
axtelW!ed 111ore than 2' be)oOIId the tlame b,oldezo. However W1 th &I!IOOth 
'llPIUwU :Claw, SI!OOth ool!lblurticm. was ®ta:lned at all tail pipe 
laMths up to 4041 • ln reneral, S'l'lort buJ'ner• are easter to 
etart. under all inlet. conditions. 
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c • -
'rabla I . 

. _, .. """""""·· .. Jleaul.h ct Lcns1t·u41na:l.Jirewaure Surnn tn the 4• ·Jlall. a.n~s-Ch Sur11er 

·- Serln 1. Inlet 9f!'nd1t1onH l'a • 0.75;. W.r .. O.OJ~; 1./w:.,. i~.·7; vl: • lOS; li:I: .e .. O.Q96: P.aJ .. 1,1; ~'tl • l,l; Qol • 0.0071; 
. 11 ~ ~60 - 65. 

St.a- Ob .. rnd Sts.tio Pl'e.ee~¢•e tor 'l'a1l Pipe Leng;n~ u Sbctm 
Uon• 241 2! 1 . }2• ' .}61 40• 44• 
"" -- ·- -- ---- ·-·'"-. ----- ~- ~·-11.\"1 ,,'}),. _____ _. _____ .;. _________ ---
o" •.•.••.•••.•..••..••. 1~000 i;OOO 1~000 1,000 1~000 1:000 
4; ••.••••••••• •• ••••..• 1.016 1.008 1.0()5 1.003 l;OQ2 1.002 
~· ,, ................... 1.037 l.CZ4 :!.Cl} 1,007 l.OO) 1.001 

lc: ................. . ... 1.057 1.04} 1.()2~ 1.017 1.00! 1.006 
i6 , ••... . . , .........•.. 1.070 1.06~ 1.04! l.O}J 1.0?() 1.01~ 
eo ..................... 1.075 1.07 1.0611- l.05Q 1.o:n 1.oa . .: 
z\ ............ ......... l.Otl2 1.0!2 1.017 l.o66 1.050 1.033 
28 ..................... ----- 1~0159 J,.o!li- 1.0~ 1.007 1·0~} 
)2 • , •. . .••••......••••• ----- --·--- 1.092 1.,085 1.079 1.oc~ 
3'6 ..................... ----- ~---- ----- 1,092 1 .• 0!7 1.oao 
4~ ••......•.... . ..••.•• ----- --~-- ----- ----- ----- 1.094 
.,_.1~• tlllil p1pe length ror e110oth CC>mbu!!'tton - 46 1/2.,. · 

.. 

C•loula'ted Condtt1ons tor 'l'a11 l>lpe Length!! Btl SJ'Ion 

---~~~------2~·-------------- ---------------}a•------------- ---------~-------4-4•------------
v2 '!2-46o T2t-II-Eio T~tl'ru; v;; Tc-46o T2t-b-60 'i'2tl'r1t '~2 1'2-I+Co 'l'2t-460 'Z'2t-'I'u 

t.t/JJec -------0 1------ tt/aec -------°F------ tt/ae<J -·-----"F-----
0 •.•••• , • 7.6o. ~50 2990 6. 57 S40 ,250 .3290 7,15 855 3320 J'OO 
.. • . • . . • • • 640 2450 2480 ~· 60 800 JlOO }140 6. 86 gqo J280 }~0 
1!!1 ........ ~eo 1.110 1190 .2s 74o 2&60 2e9o 6.3! 8}0 .)2:;o ;210 

12 ........ JJO llOO 1110 2.99 6Z5 2,390 2410 5-~7 ~10 }150 }l'J() 
16 ........ 2}0 650 650 2.ll lj;75 174o 176o ~ • .:;} 155 29}0 ~960 
20 • • • • . . . • 190 46<> 4.6o 1. 75 350 1200 1210 3. 1s 690 a670 2100 
2\. ••. ' . . • . 108 65 65 1. 00 255 750 750 2. 30 605 2310 2Jj0 
28 .... . ... --- -- -- ---- 200 5QO 500 1.1!!13 455 1660 1670 
}2 , • , .... , --- -- -- ---- 10& · 65 65 1.00 3!5 1070 lOSO 
'Vi • • • • . • • • --- - -- ---- --- -- -- ---- 245 71.0 710 
li4 • • . . . . • • ...__ -- -- ---- --- -- -- ---- 10!! 65 65 

•at atau.on nl.lllber 11 meant the d1~tanoe 1n inches froa the enll ot ~he burner to the p.reuure tap. 
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].20 
7-10 
6.95 
6.51 
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• • • 
'l'abl~ I, Page 2. 

FLe•ul ta or ~nel.\u<ll.raal.l'renure SUJ'"nYf 1n the 4 1 Jl,UI Reee(l.l'ch Burner 

g-.r1ea 2. Inlet ~on~1t1oM: !l'a "' l.QS; 'ft ,. 0.055: W~/tr .; l'J.l;"Vl • 145: K1 ,. O,lJi tls1 "' l.2; ttl ,.. 1.2: Clcl "" O,ClJi 
'1'1 - 46o • !!5-

llt.a- <JI)!.'Iel"ve~ ets.Uc Pres•ure• tor 'l a11 l'1pe Le~gt.t.s ae Shown 
uon• 2~• .2811 12• J6• IPO' 
N~ -------~-----~------At~ Abe------------------
o" •..............•••••• 1~ooo 1~000 1.000 1.000 1.000 
If. .................... 1.0~7 1.027 1,01} 1.008 1.005 
&. .: ................... 1.074 1.060 l.gg2 1.020 1.012 

12 ..................... l.ll.J 1.098 1 •. 3 l.o4o 1.023 
lEi ..................... 1.140 1.128 l.l07 1.075 1.011« 
20 ..................... 1.153 1,147 1.150 1,107 1.077 
2-. ....... .. ............ - 1.163 l.15J 1.1~ 1.150 1.110 
21! ..................... - - - - - 1.173 1.17) 1.160 1.1~3 
32 • • • . . • . . • . • • . . . . . . . . • ----- ---- l.l.l!!7 1, 17~ 1. lbJ 
}6 •••.....••.....•...•• ----- ---- ---- 1.1e, 1.17) 

Ma:d111.1lli tan pilli length tcr saoo'th cclibu!tlon - 4a•. 
Calculated Cond1t1oni tor TA1l P1pe Length• u Shown 

------------24•-------------- ---------------}2·------------- ----------------40"------------
y2 Tz-46o Tz\-46o T2t1Tlt V2 T2-46o ~2t-46o T2t/Tlt V2 T2-46o T2t~6o T2t/Tlt 

f$/j•c ---·---°F------ tt/1ec -------"F.:----- tt/IJec -------"F------
0 ........ 1010 ?()(X) ~10 6.~1 1230 >~1o Jsoo 1.26 1230 34lD 3500 r.z6 
4 , • • . . • .. S1<1 2450 .:500 5-4_, 1200 J,6o )}50 6. 99 l.2D5 H40 31j. J() 7 .lJ 
8 •. ,,. , • •• 6.60 ltlll.O 11540 4-,22 lO(lo 2970 }.040 6.4.2 1175 )280 J}W 1 .•• o0 

12 •• ..... • · 455 1170 1190 }.OJ ~!5 <:490 2540 'i• 50 1115 }130 }200 6.. 72 
16 ••.••••• 290 61o 620 1,9& 625 1110 174o fl..o} 970 27Q.o zeoo S.98 
·~ ......... 235 4lo 410 1.6o !toO 990 1000 2.6s 610 2290 2330 -;.o6 
24 ••.••..• 145 85 a5 1.00 J45 !OO !l~ 2.31 625 1720 17~ 4.o, 
28 • • .. • .. • -- -- - ---- .290 610 620 1.96 465 1200 1220 ).08 
}2 • .. .. .. • --- - -- ---- 1~ g5 g5 1.00 350 no B2o 2.35 
36 • •,, • • • • --- - -- --- - -- -- --- - 290 610 620 1.98 
11.1+ • • • • • • • • -- - -- ---- -- -- -- --~- 1~5 1!5 .1!5 +---

•ay Uat1o:n. nUIIIller 1s meant the d.1etan~;:e 1n lncbe• troll the end of the turner to the pre!'eure tap. 
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• .. -• · tabl8 I, Page J. 
R••u1 te or t.ongU11d1nal. Pr,utire Sarve,ye in the tt• Ram Reo-'earch Burner 

A . 0 ~ 

Serle• }. Inlet Co-nd1.\1Qns: 
vl . ; ; ... : 

- .. --l'a • l.za; •r •• OfSO; 'fal•r .. 17.6 ---- ----W4 • 1.44; Wt ... oso; wa.l'•r .. ls.o----
180 170 165 
,16 .15 .15 
l.J 1~4 1.4 

E.t • •• •;:; 

Pf!l • .• •; • 
Jltl ·• ••..• l.} 1.4 1.4 

Clcl • • • • • • .022 .021 .oa 
T1-46o ••• 95 95 7fJ 

Sta­
tton 
Mo. 

0 .•......... 
4 ~ .......... , 4 ~ ..... . 

3 ................ . 
12 ................ . 
16 ••...•. •····• ... . 
20 * • o • • r • • f r""' • r • • • 

"21!o ................ . 
:!~ ........ " ......... . 
}2 ............... .. 
J6 . ................ . 
iozt ................ . 

Oo&erYed at.o.t1e Preuuree fo·r TaU i'i~e t.el'l«tl'!e ils f!l-.o1111 
1
,. 

<:.1!-* 2s• 32• ;6• ~to• lkl* lf4" -.o~ 
------------ -•--·----------------.At~ Ab-.--------- _____ ;._ --------------------
1.000 1.000 1,000 1.000 1:r:oo 1.000 · 1:000 1,000 
1,0]7 l.D6o l.O:jj 1;0?3 l,Op 1;010 1;0!0 1,013 
l-1~ 1,117 1.070 1,040 1,027 1,023 1,0~2 1,020 
1,203 1. ~&' l,!J7 1t083 1.050 1,050 1,0}7 l.C30 
1.253 l,cso l,cl} 1,147 1,097 1,097 l,Ot7 1.0~7 
1. 27} 1, ~90_ 1.270 1., ao7 1. !5o 1, !-~o 1.1_ o> l.Do7 
1.;oo 1.,13 1,310 1,a67 l,c:l} l.cl7 1.157 

1.~7 1.333 1.310 1.277 1.~~ 1,~20 
1.}57 l.)J3 1.}20 1.}20 1.277 

1.}53 1.}40 1.311-3 1.}17 

1 
C!llloulated Cond1 tloms for Ta.i!,.P1pe Lengthr as ----------------24 ------------ _______________ ,~ --------------

v2 T2-lj.60 t 2t-4-60 Ta/Ta v2 T2-4-6o :r2t-1t6o T2tl'l'lt 

1.}~7 
.Shown 
---------------44•-------~------

v2 T2-~6o T2~-46o T2t/Tlt 
o ....... ~i,~c -2950_a, __ 3o80- 6. 3~ t~'j&c --}460--"r-;62o- 7 ·35 
r. .. . . . •. 113_ ~ 2390 zl;.~ ~.as_ 1510 3290 :;4;o ?..oi 
1!i • • • • • • • !7-; 1890 19 • 32 l}4o 2990 3100 6. 42 

12 '...... 6}0 1}<'!0 1350 ~- 2fl 106o ;;:44() 2510 5. }5 
16 • • .. .. . ~25 790 e.oo .::.27 7!0 11$00 1640 ~.15 
20 •• .. .. . }4i) 570 5~0 l.S7 535 1170 1190 2.97 
;:4 • .. • . . • 1&) 95 95 1.00 375 710 720 2.1:; 
28 • .. .• . • --- -- -- ---- 290 14.6o 4 70 1. 6~ 

~ 
..... .. ... ~ .. . . ,; .... . 

170 ,5 95 1.00 
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tt/eec -------°F•-----16oo ))00 3450 7. }7 
15 70 ;26o }4-10 7. 30 
1520 }190 }3}0 7-15 
1ft70 }120 }250 1. 00 
1~40 .?890 }000 6.52 
l.:CX> 26~ 2750 6.05 
990 2230 2290 5.18 
74o 1670 1710 4.09 
~!R 1~ l~g ~:i(J 
165 70 70 1.66 



0 .. -Table t, P&ge ~. . 
l\et!ulte of Lon.gtt\ldtnal Pten~re ~rveya 1n the 4• Ra11 Reuartm Burner 

Setlea 4, Inlet Cond1t1onsr ---~•a • l.Jl: Wr • .lo4: wa/Yr • 16.5 ----
~1......... 190 Uu 
M1 • . • • • . • • .17 .16 
Pill ... ·... 1, 5 1.6 
~tl . .. .. .. 1.5 1.6 
Q.cl ........ 029 • 021! 
1'1-~£-o • . . . 50 so 

Sta~ O~u.rve.i S.t.atle J>roeaeuru for Tan J'tpe l.engthe an Sha1m 
non 24• }21

. 4o• 4!l-• 
Ne. ··- ---------- ,---1\tc: At>a------- -- ---•---

0 ..... -..................... .. .. .. . 1.000 1.0()0 1.000 1.000 
~ • • . ... . .. . .. .. .. . . . . .. .. . . .. .. .. .. l.llJ 1.050 1.02:; l.o.:J 
If •••. , ............ . ............... , l • .247 1.120 1.040 1.~) 

12 ••.. , • . • . . . . . . • . . • • . • • . . • • • • • • • . • • l. a ... 7 1. ZOO. 1.077 l. OoO 
16 ..... . • • . .. . . ••. .. . .. .. . . • • . . . .. ... 1. cO 1,~13 1.111-7 1.107 
20 .. .. •• .. . . .. .. .. .. . .. .. • .. . .. .. .. 1.457 1.. 07 1.227 1.157 
z4 .. :.. .. .. • • .. .. . .. • •• • .. .. .. .. • • .. 1.473 1.~73 1.lz1 l.~J .. l ze .. .. . • .. • . . . .. . . .. • .. .. .. .. . .. . •. ----- 1- :::~10 1. li l. a~ 

iz . .................................. ----- 1.,.33 1.~2 l.,."' 
6 ......... · ...•. • • , . . . . . . . . . . • . • . . • • ----- ----- 1. SZ.> 1.-.51 
li .................................. ----- ----- ----- l-533 
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------~- ----·----2~· ------------ --~- ---~--- -----}i;···-- ------~-- ---------------44~ --------------
v-2. T2-46o ~2t-46o Tztl"ru v" <r2-'+60 'l'..,t-h.6o t 21/T1t v., T2-46o rr2\-46o To:tlrlt 

rtliilllc _.., _____ .,f'·----- t-t5'eec --------0 Ft------ ft/'i!ec -------°F------
O . • . . . . • 1.!00 zno ~lZO 6, 72 19~ 'BOO '~0 f• '36 19'50 3~00 3530 
4 .. . .. • • 1~1+0 25150 ~170 .M 179() 3180 "'J'JO .09 1370 3~50 )400 
s .. • . .. • 1010 1920 1990 G. 54 1570 zs4o 5o'9o .57 1e1oo 3170 3370 

l2 ...... . 
16 •.....• 
20 ...... . 
z4 •.....• 
28 .•••..• 
}2 ••••••• 
J6 ...... . 
·~14- ..... .. 

fll;o 1200 1~30 3·13 1300 25~ ;:.6go r;.sl 1770 _;16o 3.350 
il-20 670 680 l!.ll CJ50 12 0 2020 fi, 5G 1600 ruO }130 
300 :no J80 1. 56 &Jo u 12c;o }. 2~ 1~~,11-0 2 70 .::910 
190 go so 1.00 '+J5 790 g00 c: • .l) 1210 2 o 2510 

J05 li-;o 44o l. 67 Se!2 lUO lf!6o 
1&> !O SO 1, 00 594- ll£0 1210 

:no 6la 6ao 
1go so go 

t:~6 
7-09 
1·06 
t~ 
5-50 
4-30 
;.o9 
2.00 
1.00 
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1./L.-----+------ ~----------~-----..... l-_, -----r __ - '\--------------~_~1_ " l- -- -- --·- -------! ___ .- - -r- -_ ~ 
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