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I.:. , Iﬁtrodﬁcti$g77 IR T
TI,. Alton Chamber Analysis and Modification Recommended
ITT. Test System At EES
IV.. Preliminary Testing
Ve Resulté of Test Runs and Conferences Held at EES
During the Test Program
s, Conferences and Results of Test Runs #6-71-12B
b, Results of Test Runs 71 and 72-12B
V.. Summary Discussion of Combustion Chamber Modifications
VII. Results of Combustion Tests Carried out at Becco
VIII., Ccnclusions and Recommendations
Tables
I . Test Da‘a Run #68 Modified CC-12 Combustion Chember
II. Instrumentation at EES
III., FRun 5-12B Summary Data
Iv. Data Before and After Temperature Changes
Ve Data Summary Runs 71 and 72=12B
Vi. Various System Pressures Additional Dats - Run 72-12B

VII. megt Resulta - 908 HnO2 Decomposition Diesel Fuel
Combustion at Becco

Plates

1, Fuel Spray Pattern Used in Runs Nos. 1-6 at Becco =
Donut Baffle Attached

2, Fuel Spray Pattern #70-80°Monarch Hollow Cone Used in
Runs Nos. 7 and 8 at Becc

3. Fuel Spray Pattern 428-60° Monarch Hollow Cone Run No. 9
Becco Teste

35
36
38
39
Lo
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" Flel Spray P

attern Solid Cone Run No. 10

Spféying. s
Systems No. 5 , . o
5, Fuel Spray Pattern Spraying Systems #3.5 Solid Cone Run
NO. 11 ) : C ’ '
6. Nitrogen and Aluminum Powde: Flow Pattern Through Plastic
Mockup with Ring Baffle Installed
Figures
1. Allis Chalmers 10" x 16" Combustion Chamber
24 Modified Liner in Allis Chalmers 10" x 16" Combustion
Chamber (CC-12 Chamber)
3e Modified Fuel Injector Used in Hull Mockup Test Runs
Nos, 69-80
L, Modified Liner in CC=-12 Com»ustion Chamber Used in Test
Funs Nos. 76~80
Se Engineering Experiment Ste%ion Designed CC-13 Combustion
Chamber Used in Test Runs Nus. 81-8L
6 Modified Head Section for the Experimental Combustion
Chamber CC=12
Ts Details of the Modified Head for the CC~12 Combustion
Chamber used in runs nos. 1-72-12B
8. Schematic Diagram of the Flow System at the Engineering
Experiment Station. Used tor the Chamber Tests
9 Safety Trip-Out System Incorporated in the Combustion
Chamber Flow System at the Engineering Experiment Station
10, Plan View of CC-12 Combustion Chamber 2s Modified for Test
Runs Nos. 1=5-12B.
11, CC-12 Combustion Chamber Showing Thermocourle Location
12, Fuel Injector as Modified for Test Run #8-12B
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. Baffle Evaluated as a Control for the Oxidant Gas Stream
- Used in Test Runs #23 - 2)-12B

15, Baffle Evaluated as a control for the dxidant Gas Stréam
Model #12B2B Used in Test Run #25-12B

16, Baffle Evaluated as a Control for the Oxidant Gas Stream
and as a Possible Flame Holder Model 12B2C Used in
Test Run #26-12B

17. Becco Designed "Donut" Baffle as Mounted on the Fuel Nozzie
Model #12BE Used in Test Runs #27 and 29=12B

18, The Donut Baffle Incorporating Various Modifications Used
in Test Runs #30-45-12B

19. Arde Associates Designed Dual Swirl Turbulence Inducer Baffle
Used in Test Run #L6-12B

¢ 20, Donut Baffle as Redesigned and Built with 1/L" Throat to Baffle
i» Clearance Used in Test Run #L8-53-12B

» 21, Donut Baffle as Modified for Test Runs #5L=56, 58-66-12B

22, Modified CC=12 Combustion Chamber Incorporating a Water Spray
Ring at the Uncooled Liner Packing Sgctlon

23, Becco Designed Umbrella Tvpe Single Diluent Water Nozzle as
Mounted 4in the CC=12 Chamber for Test Runs #o?-éh-l?B.

s Donut Baffle as Modified by the Addition of Slots Through the
Baffle Spacer Ring Used in Test Runs #67-12B, 71 and 72-12B.

25, Donut Baffle as Modified and Mounted for Test Runs #68 and 69-12B

264 Combustion Chamber Configuration Used in Test at Becco
2.1/2" ID x L~5" long combustion zone

: 27, Flow System Used in Comhustion Chamber Tests at Becco

28, Becco Combustion Tests Flat Flame Holder Through Restricted
Entry head Insert

29. Recco Combustion Tests Conical Flame Holder Through
Restricted Entry Head Insert
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R | i, TADLE OF QONTENTS (contd. )

30, Becco Combustion Tests Flame Holder, Straight Through -
Head
31, Reverse Flow Test Assembly Used in Tests at Becco
32, Apparatus Used to Study the Flow Characteristics in a

Transparent Model Combustion Chamber Using High Speed
Photograph

CONFIDENTIAL

- s A e it i ot e  Am



CONFTIDENTTIAL

e s wm @ e Em e e e e .

"';A lb;OOO shaft horsepdwer submarine pfopuléion sysf;;mutiiizing;a éigéea, éééégi
generation cycle with turbine - reduction gear drive was assembled and operateé at

the U.S.N. Engineering Experiment Station, Annapolis, Maryland, from 1946 to 195L.

The system was designated the Alton cycle., The propulsion unit utilized the

combustion of diesel fuel and decomvosed 90% hydrogen peroxide., Exhaust gas from

the water cooled combustion chiomber wos desuperheated to provide turbine steam inlet
conditions of 750 psig and 1300°F at full power. The cooling and desuperheat water
supply was furnished by the turbine condenser. The Alton cycle represented an improved
version of an HzaOz=-diesel fuel propulsion system rated at 2500 shaft horsepower
developed by Germany during World War II,

When the Alton project was terminated on 1 March 195L, the only major component of
the system requiring further development was the combustion chamber. The first Alton
combustion chamber failed because of burning of the water cooled chamber liner which
was in contact with th. intense combustion, Modifications of the liner, fuel nozzle,
and liner cooling water system were unsuccessful in preventing liner burnout perticularly
at extended full-power operation.

Becco Chemical Division of Food Machinery and Chemical Corporation was awarded a
contract on 1 May 195L to analyze the failure of the Alton 2ycle combustion chamber and
to recommend steps to prevent burnout. On 1 July 195L, a research project commenced
at the Engineering Experiment Station to develop a reliable chamber for the Alton
system. The development program was sponsored jointly by the Bureau of Ships Research
and Development Section and the Office of Naval Research. Becco's contract was amended
to provide eugineering consull:ng services during the duration of the program.

CONFIDENTIAL
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L The ‘actual. test work under the new- propram was startei An. January 1955, utili ing, ‘-

_a. combustion chamber liner des‘rn and liner instrumentation orpviouely proposed by

Becco,. Fual nozzle, deeomposmtlon pas inlet turbulence devices, and combustion gas o )
cooling water spray modifications were made with varying degrees of success during 1
development test runs., A final design svolved which gave successful operation for

2-1/2 hours of continuous rnning at near full power in the final run, #72-12B., It is

- Becco's opinion that the chamber configuration employed in run 72-12B could successfully

meet the requirement of full power operation for 10 hours. The program was terminated
on 31 June 1956,

A orief decomposed HzOz ~ diesel fuel combustion study was conducted sl ecce in
May and June of 1956 with a small combustion chamber., The progran evaluated 8 fuel
injection or liner modifications that had notrbeen evaluated during teste of the Alton
system,

On the basis of the test program at EES and Becco, recommendations are made for
further improvement of the simplicity of design and reliability of the combustion
chamber configuration which operated successfully in run 72-12B,  One of the
recommendations is based on an analytical description of the Alton chamber combustion
reaction prepared by Becco consultants. The development of the snaslytical description
and the close degree of correlation between the analytical predictions and test
results is summarized.

Additional recommendations are given for further test work to help form the basis
of future HgOa supported combustion chamber design. A possible method of more

economical testing of combustion chambers is proposied.

CONFIDENTIAL
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_ During Yorld War II a pog ronovsting torbine system ubilizing hieh strongth

" Thydrogen peroxide, fuel, 'md water was developed by Germany for culmarine propul-
siéﬁ. By the'en§>§f fhe ﬁogtiaitics, hany sﬁn‘trials.ﬁitﬁ the subﬁarihes ha& 7
been ;onductod, bgt the craft i:ad net reached the operational stape of develop-
ment. A complete propulsion system was brought to this country in 1945. Tests
conducted at the Enpineerring Evperiment Station, Annapolis, Md., vith the
German equipment proved that 'i»~ aprli:zation of hirh strength Hz0z and fuel
for submarine propulsion was frasible. The German system utilized 83 per cent
HgOz (17 per cent by weipht wa:er) and synthetic Diesel fuel., At a chamber
pressure of 500 psig 2500 shaft horsenower could be developed with the steam
turbine- reduction peer. arranmoment.

Starting in 1916, a new nronuvlsicn system similar to the German plant
was built by Allis=Chalmers Mfy. Corn. and was desirnated the Alton Cycles It
vas installed in a submarine Wil mock-up. The Alton Cycle was oripinally
cesi,sned to sroduce a maximum cf 7500 shaft 1P at 750 psig chamber pressure and
1300°F comhustion éhnmber disctarpe temperature. Early in the test program,
the output power rating was increased to 10,000 shaft HP at the same exhaust tempera-
ture anda chamber pressure. Full power operation was to be sustained for 10 hours.
The combustion chamber (Fipure 1) was fed +rith de;omposition products of 90% HaOg,
Diesel fuel, and water. The 20z was first decomposed in-a catalyst chamber inte
steam and oxypgen at 1360°F. TFuel wns injected into the decomposition gases &s
they entered the comhustion chamher. Irnition of the Diesel fuel occurred without
the heln of an ipniter because of the hirh temperature of the decompositicn gases.
The diluent ater »hich circulated throurh the catalyst and combustion chamber
coolinp passares vas sprayed into the comhustion rases just above the combustion

COVMFPFTDENTIAL
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chambher cutlet to reduce the covhousnt Lomperanture to 1300°F,

On 1 March 197, the develomment nreicet of the Alton Cvele was terminated.

At the time of erk terminaticr the only compnnént cf the system that renvired
further testine was thr comhuciion chomber. Operatien at 750 psip chember
pressure resulted in combusgtic- chombter Tiner brrninpg. Efforts to prevent

liner damare, incrensed coolir.- vater veloceitys thinner liner walls, more heat
resistant materirl for liner compesitions lrrrer liner diameter st the come
bustion rone, swirl imparted ‘o *hc “ual apray, elimination of helical fins

or other guide fins in the cocling nassares, and the nse of Solaramic coating for
the inner liner surface, were -nsuccessful,

As a result of a conference Yoid on 5 Mav 19€L At ONF, Washinpton, De Cay
Recco submitted a pronesal to M *o conduct 2 complete stvrdy of the Allis-
Chalmers chamher failure and t- recormend sters to nrevent burnouts. The
controet nrroed te Receo on the Fosis of the nronesal wes desifnated Nonr
11:87(00). ©On 1 July 1¢€L, = recearch nroject sponsored jointly by BuShips
Pesearch snd Tevelopment Sectisn #nd the Office of Naval Research, Power Branch,
commernced at the 7, S, Naval Eri-ineerine Zxperiment Station, Annapclis. Md.g (E;E.S;)
te develop a reliable combusticrn chamber fir the Alton Cycle. Becco's basic con-
tracl was »mended to nrovide censvlting services during the total time of the
nroject at E.E.S. which terminsated on 1 July 1956.

This revert will, in rarc. -urmorize the information nresented in Becco

Ve
LV E

Report NR-1 titled, "Preliminary Ana
Ccmbustion Chamber CC~12", issuad in January 1055,

In ~ddition, the report il nrovide a description of the test system and
the results of the runs macde At E.E.S. The informetion vill parallel the report

prepared hy E.E.S., but is nrrsented tere to act ns 2 backrround for the medifica-

CCFIITEFTIAL
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tions advosated by Becco and KES tersoarel, The resilis of 2 short Hs0n-Dies2l fueld
combustion stwdyv senducted late o the coniract period at Becco and fina2l recommendations
for the combusticn svstem run 2. L3 arg alse insluded,

II. ALTON CHAMBER ANALYSIS AlLL WADI?Auﬂ ICN RECOLTENDED

rough bunksr testing 2t ERS from 1543 +to 1950 a

[

Based on experience pgaine.
prototype combustion chamber des.:nalued 8 CC .12 was dasigned in 1950 to be fabricated
from 3L7 stainless steel., (Fig. 1) - The CC-17 chamber comnleted a total of about 10 hours
of successful operation in bunker tests of 3hort duration during 1951 and 1052, 1In 1953

the chamber was operated a total of onproximaicly 23 hours during 62 test runs in the
submarine hull mock up. In the T:ztiar asries of tests the general trend was increased
power develorrent for successive runs. Runz 59 thru 62 were made at 735 psig turbine
inlet pres.ic: whiGh 18 approximetely full powers. In the £3v4 fest vun, which was
scheduied for 10 hours at full pcewer, the zxhanst tempersture and pressurs began tc
decrease after 3 hours snd 7 minuses on test, The unit was secured. Examination of the
chamber liner revealed numerocus :~las and seveve burning in the conical Lead sectien and
approximately 1/48L" of scale or the watsr side of the liner,

The chamber was revaired 2nd medified by replacing the 3L7 stainless steel conical
section of the liner with a cerar.ic-coated 520 stainless steel section of the same
dimensions. The ceramic-coat g 75-20 stainiess steel was expected to be more heat
resistant. The conical head of +he liner burned out after 2 few minutes of operation at
700 psig in run Ne. 65.

Trhe liner was then made . with 1/8" rickle wires to control the ccolant fiow
pattern over the head section. Ihe wster passage clearance between the head and jacket
Yinar showed signa of burncut after 5 minutes oper-

was reduced tec 1/8" {(Figure 2). The

ation in rur 5% which was mads ~o 728 rsig turbine inlet nressure.

[N
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A new el nezzle was Ui _ustalla. wath holes 3L 2a anglc to both the vertical

and horizental axis of the ware™ on tin same direction as the swirl pattern of the
decomrosition mases (Fimmre 3}, T wni-iocce of ghe 347 stainless steel in the head

section was also recaced JCIOM o0 50 acrne a0 005" Operation for 8 minutes at
720 psig in run 71 resulted in ccoers 1inar CUIMLAg.

The next medificaticn “onclatedt ol vedaning the liner wall thickness to an average
1/8 of an inch, Ruins 72 thr: 70 e soorazen at A50 neig were successfunl, Three hours
operation at 650 psig in run 7Y - nsed finor burne

A new chamber was evalu::si in rns 7 .AC (Figure L). The lower dismeter of the
conin~al hezd section was increasc: fram L0 s 1C0-3/L" thus tending to give the liner
a bell shape. The cone angle »~f +'~ neod was siightly wider. The cooling water
passage wiath znd liner thickrers were icih 1/8%, It was hoped that the flame would
maintain its previous dimensicn: Loaving 5 space of no combustion next to the walls at
the turn »7T the belled section, Afier rine /0 and 80 at 500 and 60C psig evidence of

metal fiow was found 2n the head :

m

The EES zombusiion chambe: CC- 11 was then installed. (Figure 5) Linsr material was
25-20 stainless steel. 7/6L" iti.w. Chamtor pressure was increased during runs 81-83.
Run B was made at 500 psig for ° mirutss. ILimer inspection after the run disclosed that
the liner had zollavsed inward i <he Lowar part of the straight scetion, No burning
]

at the hre~l "z n-*ed. The Ml.tcs test program was termir~ted with run 8L,

i hest transfer analirsis of the Alten combustior

g

At the outset ofBec .ok tcn ract work
(1) . - - . os .
chamber'~’ using data from run A7, Tatle I was nerformed and Bscco submitted a modified anc

completelr inszrumented (thermcorinles and nressure taps, liner design (Figures 6 & 7).

- - - - .o - . -~ e ca wn . .- - .- - -

en Cyvcle Cemhustlon Chambar CC=12"
Snnuary 1955

/= — AT < ~C N CoN
Vi) "P[ *Jﬂ-. ‘-, Analysis Cl ool
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A preliminary heat transfer onlys.c of “uo Alton chamber was nresented by Becco at a
conference held on 19 July 194" +. NES. Tha linar desisn drawings were sent, to EES
in August 177, The principle “caturss of the proposed liner desian were as follows:

g, A flat type head wos rocarmendaed to rednen the gas velocity in the zone where

curning eccuvred nosravisie Lests, Th

WAL

-y

s raduced velocity would decrease the
heat transfer filn rrnf?;?aww* Ar the cas side of the liner and consequently
reduce the temmera-v o 71 3o —orfioce of thae liner,

h, The cross-sectional -ras o7 tir cooling woler annulus ir the heed section
was increased from & 7% texi/L",  Thie chance was designed to 2llow gas
bbles formed by t- tin- to sernne withaud %eine trapred end causing 8 hot
snot. The eliminaticn of pns Lorbles was deemed more imporiant than the

higher water velocit  atlrinsd vith *he 1/8" dimension.

ws  tum heailal cooling Tins woro il the top radius, thus providing more

hezt tronsfer ares -~1 hirher water velocity beyond the area where most severe

burnine occurred wit . the Alton cycle liners. Continuing the helical cooling
ns to the threat n.d praovicusly hesn found to be unsatisfactory.

An extensive thermccoun. inshailation on ithe outer surface of the inner liner was
provosed in order that the sffects of the fuel nozzle and liner design variables could be
obtained quantitetively and wit: 2 rinimum of testing. Tt was hoped that the tests with
the inst—ronted Tiner would surve as 8 guide in determi-?-~ which design changes would
be best in carrving on a succes=iul test program. The recomrended liner design and

thermocouple installation were incorpsa~a®sd in the combustion chamber development

prograr.,
h-ditienal recommendatisne £or tne program were included in report NR-l. The use
of n'ckle "A" cor Rosslyn metai -nxirad of stainless steel for liner fabrication would

decrease the laner temperaburs o tle @s s:ide through the increased thermal conductivity

. Best Available Copy
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,building. A reinforced concrete wall separeted the system from the operating station,

~G 9 h FID h h P T A L

! : - . e i

' of’tbe nickle "A" and Roeslyﬁ‘nrtEl. E‘lmination of scale on the Water side cf'the""

i liner was con31dered to be ona i tha mnat 1meoxtant factors in successful operation of

the chamber. The continued uee of a olosed wnter syqtem was tugnewted in order to .

reduce the scale buildup. The 1ngle of fuel injection could be 1nvestigated o reduce
»the direct impigment of burning fuel on the liner walls. The effect of inlet oxidant gas p

' 1wirl might also be evaluated.

The recommendations ‘given in report NR~1 were based, in pert, on the advice

- solicited from individuals outszde. of Becco -who were experienced in the field of high

energy release cohbustion svetere and heat 1enefer.

These individuals were c- ntacted during the period July 1954 = January 1955,
Additional information was gained by Mr. Ralph Bloom, Jr., of Becco, on a trip ‘o
the United Kingdom-in denuar& of 1955(22 Thue the background for consulting services
that Becco had gained through previoue‘teet work &t Becco was augmented by several

sources,

III. TEST SYSTEM AT LES

L

The test syatem emplcyed at EES for the combustion chamber tests ie presented

-"schematicelly in Figure 8. Tho svstem was installed in.a test bunker at one end of the ,

The inetrumentation that was incorporated ie given in Table II.

The romplete Hzoa flow svstem was as follows-

a. HeOe was pumped from 30,500. gallon storage tanks to & emall "day tank" which

had sufficient "apacity for epproximatelv one hour of chamber operation. The large

atorage tanke and day tank were located in a eeperate building end are not ehown on the '

schematic diegram of the system.«

- - - - - - - - - - e - - - N -~ -~ - - - L .. we . wm - - L ale - -

(2) British Submarine Plant Comtustion Chamber and Owher Hvdrogen Peroxide Develonmente
Report of Visit to Great Brttaln, n- Jenuarv - 16 February 1955,
3 CONFIDENTIAL ,L':f[ ?} .f\f
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b.; From tne'day tank the 11-0n flowed down through-a'degaseingspot'to-the HeOe;'

booster pump. The degasSlPH_rohlromQVOd any gae ontrainea in the‘Hndn. -
7 : After-passing throuei a proport:onlng device the H~ Oe reached the euction side -
_of the triple foed pump. The trlple feed pump consieted of three. positive displacement G

C \f

‘pumpa, one for each of the system fluids dr iven bv a aingle motor through apeed increaserajg

The pump raised ‘the liquid pres sure from the 30-l0 peig discharge preasure of the booster ’2
pumps to about 200 psig above combuetion chamber pressure. The flow of Hz0a through the - ﬁi
proportioning device controlled the flow rates of the cooling water and fuel in preaet .‘?
ratios. _ o | ’ L , . g

- . b

‘d, From the triple feed pump discharge the HaOz passed through & two way air- .

operated pressure valve. Actuation of the valve by-passed'the H20a flow back to the

degassing pote ' ' 3 : E .
, , : i

[-T% Normally the H?Oa pessed through the two-way valve to & throttle valve which
- was operated from the main control panel located outside the bunkef. k

£, Next the Ha0z reached a cam etop valve. The cem valve was also menipulated

from the main control panel. The hand wheel had | positions: off; No. 1, H202 only;

¥ R

fNo;-é,'HeOg and cooling water; No. 3. Hz0z2, water and fuel.

J bt

After paesing through the cam gtop valve the HQOQ entered the cetalyst chamber.

2
The water’ ‘system was a closed loop with the following flow sagquence: - ;g
a. The water booster pump took suction from a feed tank located inside the %

bunker. A strainer was installed in the line to. help prevent scale buil&upé

on ‘the combuetion chamber liner, : ' §

be The water booster pump discharged thrOugh a filter to the triple feed pump é

suction,

i co N FIDENTIAL
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a;ih e From the triple [ced pﬁmg the water entered the p-oportioning device where
by the water flow rate was controlled in a ratio of- approximately 2 to 1 gpm
zrﬁa‘P :. o of HaOg flow.. ‘ T |

| d. Water flow from the proportioning device entered the cooling water paesagee
" 77 of the éombuetion chamber and catalyst chamber in that order,

e, Part of the water_discharge from the catalyst chamber eould be circulated = .:

through a cooler and pumped back to the combustion chamber inlet to increase-:

cali vs o

the flow of coolant through the ceeling passages,

f. The heated cooling ﬁeter then passed through the cam operated valve . and :é

p entered the water spray arranpement located ineide and et the bottom of the :g
combustion chamber. N ,Sé

- The- fuel ayetem followed a similar path from storage tank, booster pump, filter, ?é

z?riple feed pump, proportioning device, cam valve, and solenold valve to the fuel nozzle E%

G!’ : ioeated at the top of the combustion phember>ie the flow of decomposition gases. . f%
| The combustion chamber exhaust paesed through the foilowing units in order: »;

a.:_steam seperator - removed'entraiﬁed liguid or solid partidles that would ﬁarm ~%

the turbine of_e'compiete erepulsion‘system. ' ‘g

b, Orifice - simulated the ‘pressure drop through the turbine, J%

‘Ce Deeuperheater - supplied the reduction in temperature of the turbine exhaust. ‘%

d. Condenser - as in the Alton cycles ' H ' 3

8 Gondeneate pump- :§

f. Water feed tank. fé

During operation of the combustion system the excess water produced was ig

| | dumped down a draino %

The test system incorporated a trip out circuit (Figu;e 9) both for safety of g

I3
b

operation and ease of shutdown. The entire system could be secured by a menual switch
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i !b " on the main contrﬁl'panel or would trip out anfématically in the event of;
?wm' ' - a. loss of control air pressure £
: b. iloss of triple feed pumprlnhe.oil preQSuro
!' ' i | ¢. oxcess temperature of exhaugt either in stéaﬁ.separatdf or exhaust line 1ooﬁ.
When the trip out eirenit was opened elther with the hand switéhfor bécauae of |

-emergency ccnditiona, 8, b, or ¢ ahove, the triple feed pump and booster pumps were shut

off, & solanoid valve in the fuel line to the combustion chamber stopped fuel flow and the
air oparated HgOg by-paas valve stopped the flow of H;Og to the catelyat chamber, _

In addition, red warning lighte" 1nstalled on the main controi board flashed on. in f
the ever:. of: :

a, loas of lube oil pressure to trible feed pump

b. loss of control air pressure

Co .loss of condenﬁer vacuum
!" : d. high temperature, tr*ple feed pump 1ube oil
e.'Aexcess pressure: in steam sepaxator '
f, loss of seawster pressurc to condenser
ig. high témperature, water to catalyst chaﬁber cooling passages
'ﬁ; high temperature, HnOa after throttle valve

V.. PRELIMINARY TESTING ) |
The installation of the test avstem at ERS was completed in early January 1955,

The catalyst bed used during the later Alton runs was reactivated with samarium nitrate,
The bed consisted of L - 10 inch diameter silvé; spirals each 2-1/2 inches thick. The
first few'preliminary runs at EES were operated with decompqsition oniy; no fuel was
injécted. The catalyst bed functioned as desired. On 2L January 1955 the first
combustion run was made at 300 péig combustion pressure employing a fuel nozzle that

_ ~ had been used in the Alton runs (Fig, 3) and with a chember configuration as indicated
‘. . CONFIDENTIAL
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| . - i by Figure 10. The run was desipnated 1-128; - Inspection of the combﬁstionchamber_.liner

‘after the run revealed that no damage had occurred due to overheating of the metal, The
~ Teflon tibs of the wall temperature thermocouples were found to -be crushed by the
expansion of the liner during combuation. It was decided by BiES and Becco to replace

‘the Teflon tipped thermcccuple arrangement before the next run with wirea peaned into

;{shallcw holes drilled in the outside of the.liner. Thermocouple locstion and mumber
designation is given ih Figure 11, .‘f :

_ The second run, 2~12B, was condncted on 3 February 1955. Chamber pressure ras
raised to LSO paig} The thermocouple instéllation was fouﬁd to be aetisfectory although

lthe well femneratures were lower than recorded in run No. 1 and the difference between

readings for thermocouples in the same plane was as much as LOO® F. The insulating effect

Lt e aacts
WY

of the Teflon tips accounted for the lower wall temperatures in run No. 2 but no
explanation could be advanced for the large difference between readinge of thermocouples
‘. installed _in the eame plane. Each well temperature reading remeined essentially constant
after a repid rise when combustion was initiated. | | |
Chamber pressure was increased for each of runs 3, l, enduS—i2B to 650 psig in yur
5-12B, Data sumraryrfor run No. 5~12B is given in Table ITIL. The liner was remoyed
after run No., 5 £cr inspection. Metal flow was present in two sreas about 120° apart
and approximately 2 inches below the beginning of the straight section. A red oxide
deposit was present in the dome, extendins about an inch below the beginning of the
straight section., This was followed by a black‘carbon deposit around the circumference
ofjthe 1iner, aboutr1~l/2 inches wide. After inspection, the liner was cleaned of all

deposits,

The test procedure developed consisted of the follewing major steps:

&e booster pumps on

_ b triple feed pump on, low speed
e , | CCONFTIDENTIAL
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-KHQOQ thrcitle valve opened part ‘way

HeOa cam valve ovened - decompcsition startcd

'combustion chamber pressure from decompoqition increased to approximately

- 150 psig

water cam valve. opened briefly to check correct operation of water systam..ﬂ

'Wbter cam valve closed (Diluent water flcw indicated by rapid drop of exhaust

temperature. Thia chack was fmade as a precaution against combustion without

" cooling water which weuld rcqult in immediate severe damage to the combustion

_ chamber. The rocxrculatﬂon of water through a8 heat exchanger was maintained

during startu1§

water and fuel cam valve ocened almoat simultaneouslv. Combustion initiatéd.

. visual observation of the test system was made through peep holes in re-

inforced wall be tween Operatlng station and ccmbustion chamber, Ing£rument

operation. checked.

booster pumps and tr1ple feed - pump speeds increased until desired chamb=r ‘

‘pressure attained. Average length of starting sequence approximately 2 min,

The water cooler could be by-passed if and when desired.

recdings taken off non-reccrding ingtruments on signal., Dats points marked

‘on reccrding"instruments. Orset analysis samples taken.

triple feed pump speed dscreased until chamber prcssure reached approximately
150 psig.

hand trip switch opened’' = fuel flow stopped, triple feed pump off, booster
pumps off, system secured, Reccrding instruments off. (stopping»sequence

duration A= 80 seccnds).
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ms HeOa lines from day tank to combnetion chanber drained if no further runs
were to be made thn same day. | | | .
During the period that the first five runs were made, . Bacco contracted
Professor Warren: Rohsenow of MIT as a consultant on the test program. Professor
:Roheenow hed been aeeociated with the program under consulting contract with EES.
| Arde Associates, an engineering consulting firm, in Newark, New Jarsey was also
contracted at this time by Becco to meke a preliminary analysis of the fuel spray
pattern for +he fuel tip, and chember configuration utilized in runs 1-5-123.(3)
After run No. 5 Becco obtained thermocouple wires that were insulated and
‘bound together ‘80 that .a Slngle holc thﬂrmocouple packing plend could be used, reducing
the time required to install the thermocouples. A double hole packing gland had been
inruse. After the thermoconnle wiree were' peaned into the liner wall, installation of
the liner in the combuetion chamber Jacket was complicated by the need to pull ‘the

thermocouple wires out throu;h holee in tneijacket and then thread the wires through

the two hole packing glands,

After run No., 5-12B the -Becco nepresentative at EES suggested a light and mirror

arrangement that would permit inspection of the liner in place after the catalyst
chamber was removed. The method was employed in subsequent tests. The liner was

removed [rom the combustion chamber jacket only for repeire.,

- - - - - - - - - - - - - - - - - - -

z3) Arde memorandum "Alton Combustion Chamber" March 11, 1955
' | CONFIDENTIAL
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.. V. _ RESUL.TS OF TFST RUNS AND ¢ ,OI\.“‘L.RF"'LLS I]"I.D AT EES -DURING 'I'Hh TEST PROGRAM

A,‘; Confprenceg and Resulis of Test Runs #6-11-128

| A conference was held at E4S on 11 March 195) to diacuaa the resulte of Rnﬁs
1-5-12B and to determine the procedure to follow invfu%uréfteat work. It was yeﬂerally
accepted that the burning of the liner was due to liquid fuel hitting the walls and o
burning there. The EES representatives pointod out that changing the position of the
fuel nozzle would not be & desirable method of preventing liquid fuel from reaching the
walls. Tests with the Alton system had shown that the ndzzle=positi§ﬁ was crifical;
eithér'réising or lowering evén-slightly,,advefgely affected combustiqn‘efficiency. For
- thé vext tebt rung‘ifswashdaéidedrto first double the number of holes in the fuel nozzle
%o reduce the fuel droplet velocity. If the increased number of fuel holes would not
prevent burning, the HaO0z gas swirl vanes on the fuel inlet pipe were to be removed. As

'a last step tﬁe gas swirl in the discharge from the catalyst chamber was to be eliminated.

It was also agreed that Arde Asvvciates would be contracted by Becco to make a complete

analytical analysia of the fuel 1n1ection and design 8 .ew fuel nozzle to eliminate liquid

fuel from reaching the wall,
| The test program was resumed with runs 6 and 7 employing & fuel tip with the

number of holes in the periphery of the nozzle increased from 12 to 2L and the diameter
of the holes increassd from ,0625 to .067 in, The chamber pressure for runs 6 and 7 was
650 paig ﬂnd time on fuel was 26 and 31 minutes respectively. Inspection of the liner
after run No, 6 revealed a red oxide deposit as noted for runs 1-5, extending from the
silver deposit on:the inlet neck to about 1~1/2 inches down the straight section. There
wésrﬁo eQidence of meéél burning, flow, or slag deposits. After run No. 7 the liner was
slightly pitted about 1/2 inch below the neck. A very slight evidence of metal flow

was observed approximately 2 inchea down the straight section about 2 inches wide, Runs

C ONFIDENTTIAL
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Runs 6 lnd 7-12B ahowed marked 1mprovencnt over runs l hh auph 5#128 (reducad 11ner
temperatures with approximately the same combuetion erficienpy) but .the evidance of
metal flow in run 7 indicated the need for furhher changes, o

Follcwinp run 7-12B the fuel nozzle was modified by adding 12 = 1/16" dis,

holes in the bottom of the nozvle parsllel to the chamber axis (Figure 12) to further
reduce fuel ﬂndection valocitv. Run No. 8 at 610 - 670 psig chamber pressure for 24 min,

with*the 12 ldditional holes in the bottom of the nozzle resulted in more sarious scale

A}

_formation'and pitting at the ton of tho linur dome. Hetal flow in small rivulets was

_present around the entire circumfarenoe of the liner about 1-1/2 inches down the

straight. section, Run Ne. lo-laB was co%ductad with the number of holes in the bottom

- of the fuel tip decreassd to h as recommended in Becco's letter of L April 1955 o the e

Director of’ EES.: No data was taken during run No, 9 because diluent water pressure was

lost soon after the start of the run. A repeat run, No. 10, casused increase in-the,mgtal:

£lGannd'pitting observed after vup'B-LEB. ‘The linép waﬁ cleaned of all deposité Eftéf

run 10, S D
Runs 11 and 12-12B were‘ﬁun with ali holes in the;bottom of the nozzle piugged

éxcept the central drain hole and the dismeter of the 2L peripheral holes increased from

«067 to 070 inches, Run No, 11 was conducted at §10 psig cﬁamber pressure., The

chamber pressure was increased to 650 paigrduring ;un No. 12; time on fuel for each

run was about 1L minules. The Liner was 1nspacted after tuﬁ lE-iEB-and slight pltting

was found Jjust below the inlet neck. Run 13 was made at Betco's suggestion with |

decorposition gases alone and indicated that the liner wall temperétures were higheat

at the beginning of the straipht section of the liner as noted for the previous

combustion runs. The run indicated that the liner burning problams were related to the

Hgda decomposition gas flow pattcrns in the chamher caused'by the swirl vanes on the fuel

] nozzle.
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ad 650 psig were near those Cb!ff?ﬁﬁifﬁ? rene O 2nd T othe combuatian proszuye was raised
to ?Eﬂ.bsig (maklmum desipn operation Pressurs ) during rine 16 and 17-12B, The Inside of
bhe zombustion'liner vias inspactied alter each ria nndino'hurnlng was nsted, Wall tsmpé
3ratuf& readines wera gloser ta tlrss ~ v Goand 7212B then ary o tha optorvering runs
but stiil higher,

Run 18=-12B was condusted with no Jecomposition gaé swirl vanes cn the fuél

inlet and a fuel nozzle desicn conforming with thst of runs & and T~12B (2!, - 067 holes

el

v

on poriphery plus 1/14" diam, hole). Ignitlion of i fuel was attainod butb the ¢umbaatlon

GET2cie ey was pocr, with Jrest mrazursd CO. at Y0630 versus approx;matnly Ly for alL

Previous Tins. Thus the ne o) [ov A& coniisuravisn such as ths awirk vanes Lo provide
turnulead mixing of decompositien gasee and fual swpr2y was clearly indizated, i
Run No. 19-12B demonstratad -hii vhe rosults of runs L4 and 17022 with

ocure .2-BF (Figure 13) zovid bto vepreduced; no shanpes had cccurred a8 o eowult of mum

18-12B, No data was taken during runs 20 and 21 btecause of malfunction of Lhe?proporu

3

ioning device, Run No, 22-12B with noizle l2-DF was made bo check out bhe rmpa;re
wropertioning device ond te soc L lirer Garning wonld escer duriny a mers exlonded run.

Time on f1el for this run 22 an? L' windies, The lonjest previous mn with nozzle 12--BF

Bat, Lecause the liner well raslings ware above those

was 26 min, LO sez2, in 1un 16-L

cn uns A and 7 in which Lliner nurrang occurred, the need for furbherc pedlncations was

ing Ina T,e'j [

Gy, 24-123 dncorperatad a coaxial LadlUle arrangement wisomn v Uael aniet
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exhaust tatag war TG wiel showed an anmvasonsnt over the piane

nsuule with gas swirl removnd {run 18.2 B) The liner wae exomined and found to be in-

sa?iﬁfhrtorv cond tion,

S A secend conforente vas held Ak ENS on.25 Mav 10RK 44 discoes the tnst vesultas

g Arv Associates reportid the preliminary

s5htalned ginee the confevancs on 1l

semiity of the analytical invertisabinn of the o6l inpiestion for reviow and comment,

1

The » - == ut "o Lhe timn e T tle mﬂet;ng indlc*?nd'that the fuel Ararlet gize And

il A oAt
it

wmaenbly drﬁpl@t ;«putvai ar o phe Liner w"‘ﬁ te mostly depenrient on chamber

wons
bressere.  The formula used 5br dr@plet saize calevwlations vas quﬁ°t10194 but it was

apresd et no botter fovmala was aveilsLie. The affect of the fuel 1nltt swirl in

sporessins the heat vransler coofficient do vhe head section bw recuein: the pas film

”

S IGEGORS was ALSO di¥tussad. o throefold incresss was accepted sa posxible, It was

ie2dsd that investipation of lactors that ~ffont:d liner 1ite and cembuenion off{ciency

1o tonsvinusd even if sueh an ivnrestigation would eliminato the possinhiiivy of a 1Cshour

sun with the H.0s that was on hand. (The nroeram was started with 8 Limited amount of

Hz0z snd no funds were rrovtded to purchags wmore) It was further agmsed “hat additional

el uga ot daactios?

3Lu&y of £l inlet vplocity (ctiinging © Lip hnlo oo bachruge

further tmprovements apparantly wanld be tos sunll to be detected within the experimental

gariaticnf, Iﬁcreaéing the fuel ‘tip holes from LOGT 1o LOTO dnches tn Jismetoer had
rosulted In only sh*ght:"hunyﬁs »n|bhn liner thoomecourle readinga. Iy wwmeary, Daburs
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Run . hml”B made oa dJdune 2, 195,

ra

T
woede with a doswial wafile of the gane

dinensions as nozale 12B2A evalunted in vun 23208 Lot \“rL1iw. L poe swirl vanes on

o -
e}
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Clz meaonved by QOreat ana]vsi: was almost the

Lowee adge of the halfls wAE o H'(—d

same #3 Tan 23, The readings aer The

[l s the iniet nech of the 1idar

.' . Sl

the reck and the dome. The Tiner

: erla o\ - - * . A -
~d Just aboro B oweld b ,."\‘E\ n
A N
) '

tts lower ond whers L6 i¢ baoked

with packing,

After the linor was. .paiaod 11“'??wifﬁ ws pada with 8 small ccaxdal baffle

wilth a ,urbulenca ring added to thc lower ond S ihe b le. The -ewirl vanes on the

{iul iniat ware removed. (Flprs 7“). CONhlfbiANi

, iUeBC% ZCze No
ddner er haffle'damaga-occurrado

For ran 26-12B a 1/8% wive aress vm sdilad "to tha tritiience riug G”lg:x'ré 16).
The | l

croxs barned of £ and combistisr was saset. slechory, C0. 79%.

' turbulénce donut l:::z”:le weided to the

Run 27=12B evaluatoed a RBecen nrope:
funl nowzle which was positioned Lo reduce the fuel svray BHRIG,‘H chiange evaluated
I‘J‘\hslj in runs lh thrauvh lfml?B-Snd 19 throujgh 7= (Fipura 17), The run wes
madi 2t O0C psig chamber praes:ure oy E ddwagion of M) mine 15 sec. €02 WBS'HQféﬁi wall
turperature readings wers low L33-300°1; po 1iner or fuel oi damere cconrred.  The min
128 wag coAsidered more encouraping than aay pravicus test, Tnow Taffe wos designed
4 greate fuel and oxidant miairgs by diretsioag Lo !acompositicn>xvs Lrpan to Lh
cutihal of hhe chamber,

W CHelTB wns awele o8 A nranrnsl oo ek coeanet oman Jhe 2P Tan Tt wns made
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- metal from the baffle and the liner necik. It was felt that the hole burned in the = 5

nwas near the end of its 1ife, Becco had haen in confact with the Youngstown Woxding

‘ and Enbineering Corporation of Yowngqtawm, Ohjo. concerning the fabrmcation of a liner oo

CONFTADE

.l =

o
I

wixh;tﬁe fuel nozzle configuration used - r&ns 11 and 12~12B,- The %esulting wall
temperatures and Oz were similar to i dnéa of rune 11 and ien A hole was burned in
tha dome of the liner, |

A third copferencelwés held ot BES on ?.hﬂy 1955a1‘Run§ 2h~i2B}through
28»123 were reviewed. The burning of thezlower end of the liner where it ié backed

with packing in run 2L-12B was attributed fo contant with burning droplets of molten

liner dome in run 28 resulted from the decreased cooling water passape width at the
doma which wes caused by the repaiv of 3 iner damage from run ah-72B. The cdnfe“ence

discus‘pd the read rop a new liner, becatse tho EES enginee“s felt the liner in use - é

irom'Rosslyn metal. The contact resulted rwon Becco's search for a material suitable
for lin@r.fabricat on and which had a3 greater hnat transfer coefficient than stainlnsa

steel, The brice of the Rosslyn metal liner, wgs apprcximately twice the cost of

.fabrication of a 25-20 stainless eteel liner from stock that wes on hand at EES. It

was resolved tu make a new liner out of the 26-20 stainless steel for economy reasons.
The ONR representatives pointed out that the entire Alton propulsion unit

would bs held»in reserve until sucﬁ tima as it wight be needed in the case of serious

national emergency. The need for it = =* & 5 hour, full load, continuons test run

was also strassed.
Arde Associates presented 2 counter swirl fuel nozele jacket design that was

accepted for fabricétion and test, It wis dscided that the next runs were to be made

witn turbulsnce rings added to the .zll 1#i{lc that had given focd results in Tun

Moo 27-12B after the results of vy ¢ were shown oo be reprodac ihles.  These turbulence

-~
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Vrriﬁgs we}e fé incfé;éé:ﬁgkiné'aﬁdjéhuﬁfﬁ%b;55e-ééhbuinon efficiency. Tt wés hoped_
~an optlmum design would be indiCQted v;iﬁyffx o R . 7
Run 29-12B on 22 July 1650 demont}ated the reproducibility of run 27-12B.
In genera] runs 30 through L5~128, evaluataa thc addition of turbulence rings of
increasing thickness to the ball bafflq.(Figure 18), The affects of closing the 1/16"
‘drain hole in the center line of e pé‘zylo and the addition of two holes in the bottom
of the tip plus the drain hole were aleo ﬁeferminAd One other slight modification
evaldated during runs L3 through h w]aB (Figure 18). During the series of tests 29
through 45~12B8, which were completed on Octobar 12, 1955, difficulties were éncauntered '
ﬁoth with the catalyst bed and the'pfoport;oniny devic;; Né light.off wes aitempté& |
during runs 36 38, 39, and 41~-12B because of excessive pzessure drop across the |
catalyst bed. The bed was changed for run 37 and actlvated for runs 3,, 10, and h2-123.
Some of tha successful runs ‘had to be re-run because of oxidant rich operation due .to
malfunction of the proportioning device, A
Runs 29 to hS-lZB yielded the following results-.
(¢) The optimum arrangement of baih_baffle—and~turbulence rihg occurre@ when
‘the gap betweenithe liner throst and turbulence ring was 1/L in. With
| the 1/L% gap the COz was 92~93%.
'kb) Plugging the fuel tip drain hole reduced performarne
~(c) Addision of 2 1/16" diameter holes to the bottom of the fuel tip reduced
performanée. | ' '
(d) Increasing the spray angle of the fuel slightly by cutting beck the
bottom of the ball baffle (rurs h}—h5«12B) did not affect performance.
(e) No liner burning or fuel tip melting occurred.

Bun L&~12B on 18 October 1955 evsluated she Arde dusl swirl nozzls (Fig. 19),

Performance was fair with 91.8% COz but the lower end of the nozzle was burned.
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. ) ,:,.- I‘he next series of tests, rns );8 thxouph ‘?3-—1"3 were made wi‘c.h a. 3" diameter

"" '__‘,ﬁng baffle that _pave at first, a 1/li" clearance between the rlnrr and the liner throat.

Y

'(Flgnre ~0) Additional mod:ficatlons made to the 3" ring baffle during the runs are
lndicated on,FJgure 20. Runs L8-53-12B which were completed on 7 Novembsr 1955 gave

"* B 12\\\!
resu;ts that were inferior to the optimum arrangement of small ring baffle and

turbulence ring.

?ﬁi 5;‘ During the fourth conference held on 8 November 1955 at EES it was agreed

8
g than a auccesqul 5 hour run could be made with the small ring baffle plus turbulence

l

g 'ﬂ_ 'ring."The 5 hour run would have to wait until the new liner was completed. In view
of th; poor results of runs L8 through 53—125 it was decided to machine a ring baffle
with: the same shape and dimensions as the baffle with added turbulence ring that had
given the best results and to check the reproducibiLity of those results. jf' Fﬁé

| * Runs. Sl through 56-123 were made in accordance with the decisions of 'the

‘.8 November conference. The fusel nozzle employed ls shown in (Figure 2l). Guide vanes
wers inatalled on the fuel inlet pip; in runs Sl and 55-12B. Run 5L-12B at 650 psig
vhamber pressure wis without incident COa was 91.6%. “ha new linér (EES designation -
»No, ) which.waa designed by Arde Associates()) was 1nstalled for run No, 55-12B. The
changes made to the previous design were as follows:

‘ “ (83 reduction of wall thickness to 1/8% (from 3/16" in the present liner)
(b) :reduction of fin heigh* tm 3/8" (from 5/8" in the present liner)
(e) increase in liner I.D. to 10-3/8" to incorporate (a) and (b) above and

maintain the transverse dimension of the previcus liner, 11-3/8",

/) "Modified CCl2 Liner Design", Arde Assoriatex, ilsport No. L553-1 26 July 1955
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.5‘5 ch Bt 6&5 rsia fOP &ixum
vothe 'Jdt' ‘whers it is deKdd W1th pock1xg Tng 1uarned Qraa Was dlrﬂrtly below the ,j ;
EH Inier pipe elbow. The fuel ingector nescmbly woe found 19 be tilted 3lightly toward
thlnuvned ATEA. &{idg lqgs wera added 4+ the btall hn?fie for run‘Sé-lQBrin an attempt
T p?evenh tilt:néiof»the fuel injector. In run 16-12B on 11 January 1955,'ﬁhich was .
trnducted at 650 psig chamber pressure for 6 min., 5 sec., additional burning of the
bestom of the liner occurred in two ﬂreas direct1y above diluent spray nozzles.

A fifth meeting‘was held ot EES or damuary 19, 1958, to discuss the liner
damage caused by runs SSIapd 55~125. Bt prw°~nnn@ two methods of providing more
pesitivé cooling aboﬁt the entire insgide diometsr of the liner at 1ts lower edge. Ons
methed was to add a cooling water ring juat above the éritical sections The ring would
bs supplied by four pipes one from each of the four ailueqt nozzles (Figure 22), - The

S \ ,

sacond dppfosch would be to install & singie woter spray ﬁozzlg bo replace the four
razales Lhat had peen in use (Figure 23). The additidén of a gas deflector ring to
Zaflpct guses away from the deéauépace rrovided far liner expension was also discussed
as 4 meduad of prevemting burning; Improvements to the Afde dual swirl nozzle were i

advarced since this nozzle was still believed to be of superior design. Steps for the

next uns were agreed to and were carrised oul in runs 57 through 62-12B,

Run 57128 was made with a glipghtly modified>ﬁrde dual swirl fuel nozzle,
High coembustion efficliency was obtained, “7.7% COz, but serious burning.in the dome

of the liner cccurred. For run 58 the donat baffle fuel nozzle (Figure 21) was
roinstalled ahd a gas deflector rlng wag installsa Just above the diluent nozzles. The
d&flhbt#r ving was'installed to pravent pax aud,/cr ucharnt fuel frem eollectiny in

shoe dead space provided for liner expancicon.  The pon: Qurned off almest comrlately

ar Ly e s,

During runs 59 and £0-38B the I lilusnn watgr syray nozzles were baffled
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ln an abtgmpn to provide complete i.ner wall coverage. During run 60-12B minor liner
burning near the diluent nozzles occurrsd. It was apreed that the baffling of the |
nezzles was not a satisfactory approach,

For runs 61 and 62-12B the cocling watar ring and li diluent nozzle arrangement
was avaluated, Burning of the liner at it® lower end was successfully prevented at
650 psig chamber pressure for a total run time of about 2l minutes. Dsts was obtained
in 1 62-12B for liner wall and jacket temperature changes that had been noted
previcusly inm runs 56,60, and 61 (Table IV). The temparature changes occurred rapidly
after varying periods of operation while the system feeds, pump pressures, etc. remained

essentially constant., The liner wall and jackst readings remained steady before and

. after the change. Ib appeared that the rsgion of most intense heat release suddenly

drepped lower in the chamber tecause of some change in the character or geometry of
combustion independent of the external system. The change was marked by a decresase
in CO2, The phencmena was of concern bacause it waz an indication of unstahla
combustion,

Runs 63 through 65-12B evaluated the Becco "umbrella" diluent nozzle
(F{gure C31) one central nozzle replaced the : nozzies used previously., The nozzle had
bean instslled lower than Becco had recommended. Minor liner burning at its lower end
cccurred during run 6L~12B, A deflector ring was added to the nozzle tu depress its
spray for run 65-12B. Severe liner damsge resulted. The Lottom of the liner was
completely melted around one half of its bottom circumference. The burning extended
from the bottom of the liner up to a point corresponding to the height of the packing
nacicang the liner. The liner was removad for repaire, Tha central nozzle idea was
abindcned because the HaOz available for testing was Limited and the addition of the
L¢si1n;, riog hiad proved successful. Beccn felt tonr ths central nouzle conl? bho made
o werg by lncrsasing 1ts height above the batton »f the chanher,
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The old liner that had been used early in the test program was installed for
fun 56128 and the !} nozzle, cooling 1ing arrangement was tested at 700 psig chamber
cressure, No burning or liner wall temparature shift sceurred during 11 minutes of
operation. COz was 91.4%.

| The parcentage of COg in the nonwcondeﬂsibles of the exhaust gas decreased
from approximately 9L% at 650 psig to ?1% at 700 psig chamber prassure, It was decided
that more intense mixing of the decomposition geses and fuel spray waes needed to keep
the COz sbove the acceptsd minimum of 70% when full powsr operation at 750 psig chamber
pressurs was attempted., Becco felt that additional #urbulenc: would prevent the liner
wall tempar=teoom cloages o+ had eccurred previously. T-iar to run 67=12B, Ymelve
L5" angle slots, each 3/32 of an inch wide, were ~ut In the lower end of the donut
baffle in érder to increase the turbulence (Figure 2L).

Data was taken at £50 and 750 psir chamber pressure in run 67-12B. The
percentage of COz of the non-condenaiblies of the exhaust gases was 94,0 and 90.5
respactively, The slots in the fuel nozule did not incresse the COz but were succesaful
ia preventing therliner wall temperature change. MNo liner hurning oceurred,

Four smell swirl vanes were then added to the slotted ring beffle in an
effory %o improve mixing (Figure 25). The swirl vanes improved>the combustion im run
68-~12B, The COz was 95.9% at 650 psig chamber pressure., The same fusl nozzle was
evaluated in liner No. L in run A9-12C. 50s was 97,07 a% 675 psig chamber pressure
tut ailght burning of the liner dome occurred. The =wirl varss were reduced in width
for run 70-12B witn liner No. 4. No burning occurred in run 70 but there was little
performance increase ovar the slotted ball baffle without tha swirl vanes,

After run 70 it was apparent that an cxtended run could be attempted using
Tiner Koo 4. the siotted ball baffle fuel rozzle, and the L nozzle, cooling ring,
diluent water arrangement. The length of ihe final extended rin was reduced from 10 %o
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© S hours and finally to 2-1/2 hours based on the amount of HaOs expended for the

development of a satisfactory combustion chamber configuration. ONR's decislon to go
ahead with the extended run was prompted by the HaOs that was on hand and also by the
desire to complete the program by June 30, 1956, A brief check out run and the final
2-1/2 hour test are described in the next section,

B. Results of Test Runs 71 and 72-12B

Run No. 71-12B was conducted %o verify the assumed trouble-free operation
of the combustion chamber configuratien consisting of the slotted ball Baffle fuel
nozzle, liner No. i, and the cooling ring, L nozzle diluent spray. The slotted ball
baffle fuel nozzle had not been evaluated in liner No. L. The results of run 71-12B,
no liner buining or limer well temperature changes, 94.5% COz at 660 psig chamber
pressure, and stoichiometric fuel and HaOz proportioning, demonstrated that the long
run could be attempted. Data summafy for run 71-12B is given in Table V.

It was decided by EES and Office of Naval Research representatives that
the final run would not.be made at full rated power with & combustion chamber pressure
of 750 pSig, Instead, to help insure 8 successful test,the flow rate wes to be
limited so as to hold the chamber pressure at approximately 650 psig for a duration
of 2-1/2 hours.

The final run wes made on 7 May 1956, Data summary is given in Tables V
and VI. With roference to the data summary, the vari-!<con in chamber pressure readings
was due, in part, to an accumulation of foreign material found after the run in the
line to the Bourdon tube pressure gage and the continuous recorder. The Bourdon tube
pressure gage lLocated on the main control panel showed decrsasing chamber pressure
after completion of approximately half of the run because of the restrictions in the
line. The operators increased the flow rates when the false decrease in chamber
pressure was noted, The chamber pressure also varied as & result of slight changes
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in the diluent water flow-'to thc nozzles (not shown hy the water/HzOs fiow ratio). A
relﬂtiQely small amcunt of dilvent water wae by-passed during the first half of the

rur. in crder that a h\Lh exhausat taﬁhornturn could bn nanutalned. The: pyrometer

giving ths exhaust temperature indicated occasioral surges. Du;1n{ the second half

£ the run, less diluent water was by- passed thus reducing the exhaust tempersture

and the possibility of plant trip-out during exhaust temperature surges.

Tha increase in Coartcfeth;r w1th:the risé in 1inei wall'temperéture readings,:
Jacket water temperature readings, cooling water and diluent water temperaturs reddings,
in the.first 36 minutes of operation on fuel indicated that Lhe daua of previous runs
téken at shorter irtervals after startup did nhi reflect‘the steady state operation of
the system. Somc of +he liner and jacket water tempnrabure readings did not settle out
until leter in the run, Many of the liner temperebures were ahovn values that had
been observed jn previous runs whan liner »urning had resulted. Inspect¢on Qf the
liner aftexr run 72~i23 revealed that no barning had oceurred. In addition the fuel
nozzle wag urdamaged. Ihe Tur was succassful,
It was the opﬁnion of the EES parsonnel and the Becco represéntaﬁive who

had witrnessed the final rﬁn thet the run wouid have been equally successful at 750 psig
chamber preasuré. In run 67~12B which utilized the slotted ball baffle fuel nozzle,

the liner wall temperatures recorded at £5C and then 750 psig showed an averags increase
af 24L° for the 750 psig operaticn., DPar' of the increase is the normel rise for the

systen.

VI, Summary Discussion of Conbustior Chamber Modifications - Froject "Hill'

Changing the design cf the head section of the combustion chamber liner from
the annical shape utilized during the Alton project to the dome shape recommended by
Beces 4:a net elipinate baruirs of the Lop porticn of the liner (Fisures i and T)e

The 1.nei 'mrame: was attribiaizd to 1iaeid fuel reaching the liner wall and burning
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‘! there. ” Attempts to reduce ‘the fuol spray penetration bv reduuung the fuel 1nJectlon

- A s G

velecity give 1mproved cperat;,. hut 11vnr Ly still occurred, ~The»fnelwinjeetion

volosity wis decreasod from ?;.i'ftfsac. abuut~2 fi/30c, by inc%éapihglthe number

of holas in the fual nozzle (F.gures 3 and 12), A 24 h0¢a fuel nozz]e glvinp
conicai spiray pattern and an injection velocity of 30 ft/sev. gave the bes' oest i

rasults. Decreasing the included fnel spray angle also proved to be unsuccessful in
A v
pravanting liner burning. |
. \
The original combustiicn chamoer inc@rporated an HzOg decomposition‘gab swirl

Just above the fuel tip. Data taken durirg a test without combustion showed that the
locaf1nn of tha h1nheﬂ+ liner *emneratures was the same fnr the nonwcombuation and
combusplon rung. The pas sw%r, was causing incransed heat transfer by reducing tnw
thickness of tEe gas f£ilm at the liner wall, A combustion run with the gas swirllvanes j

removed gave poor performance (79.6% COz). The need of & turbulence producing device

' other than the gas swirl vanes was indicated.

Coaxialft baffles, and "dual swirl" turbulence producers wers unsuccessful
(Figures 1L, 15, 16, and 19). A ring baffle propnsed by Becco (Figure 17) approached
the desired results. No liner burning ocg\ix‘i‘ed ‘but the combustion efficiency-was low _

(Coz =~ 89 6%).' Modifications were made to the ring beffle to pive an optinum

P A

performﬂnce of about 95% COz (Figures 18, 20, and 21). , “

. High performence of the ring or '"lonmt" bafflas vosulted in chamber lirer
burning at its lower edge where it was backed with packing as indicated on Figure 10,
~sasPe£ling of the diluent spray nozzles was unsugcessiul in preventing the damsage to the

bottom of the liner, The additicn of & water spray ring at the critical section

i ‘ provided a somewhat make~shif* solation, A central nozzle was partially svaluated

R O R V1T )
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A liner‘wali £ampera£ure lectua*lon noted-dwrinp the high performance 
(95% CO=) with the donut vaffie was eliminated by adding slots to the. baffle (Fignre 25),
The slctted donuf haffle turbu,ence ring togethe w;th the conical fuel spray and diluent
arrangement of li nozzles and the cooling ring gave high perfBrmanqe (average 97% COg)
for a 2-1/2 hour run at 650 psig chamber pressure without any liner damAge.

VII. Results g£ Combustion Tests Carried Qut at Becco

In accordance with con“ract amendment No. 6 dated 29 February 1956, a brief
Hz0e-diesel fuel combustion study was conducted at Becco from the middle of May to
the eﬁd of June 1956, Thejb951c combustion arrangement of HnOa externally decomposed
and 1im*1 ~tesel fuel injection empleyed at EilS was retrinad with a 2-1/2"7T0D°
combustion chambe;.'
| Flow rates of Hgbzﬁ fuel, and water to the 2~1/2" chamber were based on a
combustion zons cross-section area ration to the mo&ified-Alton unit. Thus the heat
release rate per in? of liner uares was approximately equal to that of the modified Alton
chamber. The combustion chamber run at Becco had an effective combustion zone length
of aboutrh and later 5 iﬁches taking the distance from the throat of the head to the
point where the flame was quéncﬁed by diluent water. The effective length o? the
modified Alton chamﬁer was ébout twenty inéhes.

The first five runs s+ Becco were a8 simulation of the combustion chambei )
srrengement that proved successful in %»z' runs at EFS (Figure 26), All subsequent
tests incorporating changes to be described later, were combared to the simulated
Alton arrangement. The changes made in the chamber configuration and fuel_spray_were
an attempt to study configgr;tions which might yield significant increases in
barformance over that attained in Runs llthrough S ‘or at least to péint out fruitful
avenues- of approach in future. combustion chamber development work utilizing decomposed

Hz02 and fﬁel. Emphasis was pLaced on evaJuating as many confipgurations as possible

¢ o NE I DENTIAL.
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rrather than geininéroptimum performance for a few changes. Tharefore, the test
w.resultsrare to be considered as preliminary only. A Schematic QIagrngdf the test .
system employed at Becco is shown in Figurs 27, : o '
“ Runs 1 through&q;were conducted for ayétem check out and td'familiariza
operating perscnnel with test procedures,
Euh No. 5 gave results for comparison with laférrruhs, Table VII, All tesis
were of approximately 5 minutes duration and utilized diesel oil as fuel. Run No, 6
was made at increased flow rates and chamber presgsure and indicated a slight decréase
in COa (82.3 vs. 81.6%) correlating with slight CO» decrease with increased pressure
obtained-duringrrﬁns at EES. The fue; spray pattepn for runs 5 and 6 is showg in
Plate 1, _ y
The first change in the combustion ddnfiguration-was an attempﬁ to reduce the
gsize of fﬁel droplets. Both Arde Associates and the engineers at Becco favored the
approach of reduction of fuel spray droplet size.(®) A Wonarch #70-80° hollow cone
nozzle was used together with the flat baffle for Run No. 7 (Plate 2). CQa decreased
frem 82.3 to 75.4%. In runs 5, 6, and 7 operation was oxidant rich." Correction for the
oxidant_rich_combustion was approximated byféubtraéting the volume_of excess O
from the sample volume, |
Run No, -8 was an attempt to increase the.chamber performance'by lpweripg the
diluent nozzle to increase the effect;ve combustion length from L te approximately 5

inches. No increase in COg was noted., Combustion was fuel rich which accounted for

the increased‘chamber pressure with lower COa.

- - - - v - - - - - - - - - - - - - - - L3 - .- - - - - -

(5) "Analysis of Combustion in the Alton Chamber" Dr. E. Mayer, B. J. Aleck, firde
Associates Report No. 2567-1,

CON F I D E N T I A L




TR

B I

O TN P B P

13

R e

s

AR

For run No. 9 tha fuel spray droplet size was further reduch by employlng a
#28—60’ Monarch hollow spray nozzle (Plate 3). The percentage of OOn in the non-con-
densibles of the exhaust pases was lower than Run 7 which employed a #70—80',Monarch._
Further reduction in droplet size was considered useless,

Buns 10 and 11 werejto evaluate soliéxepray nozzles (Plates L and 5) and

“indicated an increase in COa’with decreased droplet size,

Run Neo. 12 incorporated a fuel nozzle configuration that had proved
successful in previous test work at Becco, The arrangement utilized a bluff body
type flame holder (Figure 28). The fuel tip was & #70-80’ Monarch. A comparison of
runs 7 and 12 indicates excellent operation with the flat flame holder,

Because flow patterms about a conical flame holder appeared'to giﬁe more
intense mixlng<6) a conical flame holder was installed for run No. 12 (Figure 29).
Performance decreaeed. 7 h

‘The "straight through" head arrangement (Figure 30) for Run 1L was evaluated
to explore ﬁhé possibility of e simpler head design in comparison to the "restricted"”
entry used in the previous runs: Performance decreased. An interestiné effect of
the‘use of flemé holders was noted. The straight through head.ineert had never been
exposed to high temperatures before the run. After the run an inspection of the insert
‘revealed only very Slight discoloration of the metal. The flame holder stabilized the
combustion in a manner that eliminated high heat transfer to the head saction.

Runs 15 and 16 incorporated a rather drastic change over the general

configuration tested at EES, The fuel tip was installed in the diluent spray nozzle

giving "reverse flow" fuel injection (Figure 31). It was hoped that the. stay time;

(6) "Some Experimental Techniques for the Investigation of the Mechanism of Flame
Stabilizetion in the Wakes of Bluff Bodies" H., M. Nicholson, J. P. Field, ICdr,
USN, Bureau of Ordnance, Contract NOrd 7386 '
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‘i.e., the length of time each particle of fuel could burn before belng ouenched by
the diluent water spray, would be groatly increaaed thus assuring errlcient oombustion.
A vaffle was installed just below the throat at the liner 1nlet to prevent any fuel
from being sprayed into the uncooled chamber below the catalyst bed. The fuel sprays
‘ were_checked before each run by remoﬁiné.the catalyst chamber and baffle at the head
and observing the amount of fuel spray emitted througﬁ the throat of the head insert.
Very little fuel was sprayed out of the chamber with the #70-80° Monarch at rated
flow. Considerable.spray was smitted when the #50-35° Monarch was installed. Runs
15 and 16 gave poor résults. No difficulty was experienced with 1light off and chamber
pressure remained steady.
The preliminary conélnsipﬁs from the Hs0e decompositioh‘liquid diesel fuel
injection tests made at Becco are as follows:
(a} Reduction of dfoplet size in a hollow cone spray by increasing the
. pressure drop across the fuel nozzle will not incrsase combustion
efficiency.
(b) Decreasing fuel droplet size with a solid spruy incpeases combustion
efficiency. |
(¢) "Restricted entry", flat flame holder below the throat, ﬁill give good
operation and reduce heat transfer at the head of the liner.
(d) "Reversed flow" fuel injection as performed resulted»in.poor
performance,
(e) Removal of the restricted Hz0s decomposition gas entry passage decreases
performance., '
(£) A flat flame holder gives better performance‘than a conical flame holder.
In addition to the combustion tests, flow- tests were conducted with a

plexiglass mockup of the combustion chamber. An attempt was made to obtain a picturé
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of a 2 dimensional flow pattern within a 3 dimensisnal flow (Figure 32). Nitrogen
and entrained aluminum particles passed through the mockup, Difficulties experienced.

© fabricating the plexiglass and obtaining satisfactory pictures within the shert

test period (Plate 6) prevented the possible use of the flow pattern pictures ii. the
5619¢tion of test sét-upa that would give better performance. The degree of
COr%elation between the intensity and geometry of turbulence obtsined with the
plagtié'chamber and the performance of the stainless steel combustlion chamber would
have determined the usefulness of the plastie mockup. Mbré development work is
recuired before ademuate flow pattern picﬁufes can be obtained with a 3 dimensionsal
mockup of a combustion chamber under consideration, |

The ghortness of the test program prevented experimentation with other

'types of fuels.. _An analytical description of combustion prepared by Arde Aasociates\7)

for Becco predicted a gain in combustion efficiency when more volatlle fuels than
dlesel oil are burned in a given short combustion chamber.,

A éummary of the analytical description of combustion gs presenped in
Appendix A. |

VIII, Conclusions and Recommendations

Full power operatlon of the Hs02-diesel fuel Alton cqhbustion chamber
called for maiﬁtaining 7§O"psig chamber- pressure gnd 1300°F eihéust contiﬁﬁously
for ten hours with a minimum of 90% CO2 by volume in tie nupgcondansibles of the
exhaust. Thé combustion chember developad during Project "Hill" demonstrated near
full power operation for 271/2 hours with an exhaust tomperature st an average of
approximatély 1é60'F in run 72—i2£. The CO: of the exhaust during the 2-1/2 hour:
rin was well ;bove-the minimum of 90% and the combustion chamber liner burning that

(7) loc. clt. Arde Agsociates No. 2567f1_;
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JOCCurréd during full power operation”of ‘e Alggn svstem waé el;¢;natgd. It is
“Baccc'; orinion that the cowrﬁﬂ'inn chamber cnnrxmnratién t.est was employedhiﬁ run
72.-12B could operate successfully at full power for ten houfs. As mentioned earlier,
the final run configurétion was operated at 750 psig chambef pressure for a shor<
time in run 67-12B without causing any liner damage, In addition, if 90% HaOs of
slightly gréater purity than that on hand at EES were employe& in a 10 hcur test, a
samarium treated silver screer catilyst ned could be expected to provide satisfactofy
decomposition for the duration of 1.« test. The catalyst difficulties experienced
half way through the Project "Hill" test rreeram prompt the previous statement.
The “olleowing m~d<fications might prove to further increese the reliability
and/or simplicity of the Project "Hill" chamber:
(a) Substituticn of a prope?ly located central spray diluent, nozzle fed
from four plain pipes for the cooling ring, four nozzle diltent
arrangement., | |
(b) Installation of a 3/L" pipe spray ring in place of the 3/8" cooling
ring and removal of the four spray nozzles, The larger ring would be
drilled to provide a8 spray against the bottom of the liner te accomplish
the affect of ihe cooling ring addition. The larger ring could alss ba
drilled to provide a cone of flame quenching diluent water in the bottom
cf_fhe combustion space.
(¢) Removal of the slotted ring baffle from the fuel tip, increasing the fuel
tip léﬁgtﬁ, and the Qddition of a h" diameter flat flame holder to give a
configuration similar to the flat flame nholder - restricted entry
arrAnggment that showed promise during the tests at Becco of maintaining

high combustion efficiency whiie eiiminating the ccoling prohlems in the

head section.
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Additional,combu;tion.studies could be made at Becco.in order to reduce

the development time recuired for the proper operation of a Ha(a supported<obmbu$tion

system. The ihformdtion obtalned moy also contribute in a small way to the better

understanding of the whole field of turbulent, high prassure combdétion. Develop=~

‘ment work with HaOa decomposition gases to which a mwirl is imparted as was done

with the swiri_vanes on the fuel inlet of the Alton chamber and with the Arde dual
swirl anz}e tested during Project M"Hill" could be continued. Such general
combustion:configurations using air can give high heat relesse rates while maintaining
rela?ivelyfcooliné csmbustion chamber walls.(B)r Reverse flow fuel injection could
also be investigated further, Such an arrangement should provide the intense mixing
that efficiént combuétion requirés. In fact, the configuration run at Becco
probably provided too?intense“mixing. It appeared that the turbulence inaidé the
chambef during combustion caused a blow'out'of the burning of the heavier fuel
fraciions and cdnsaquently poor combustion,

More volatile fuels than diesel oil may prove to be more easily adaptable
o an Hz0g ﬁupﬁérted combustion chamber, The relap;ons developed in the Arde Report
summarized in Appendix A, indicate that more Qolatile fuels would give more trouble-free
operation. ' |

More exact design parameters could be developed for the restricted-entry
flat flame holder arrangement.

Finally, an approach to the problem of the development criteria for

successful chamber design was only begun in the test work at Becco described earlier

.in this report. The possibility of.proving the existance of a correlation between

“the geometry and intensity of turbulence obtained by photography of & non~combustion |

- . a. -, - - - - - - - - - - - - - - - - - - - - - e - - -

(8) "Fiame Stabilization in Gases Flowing Cyclonically Flow Characteristics,
- Temperatures and Gas Anelysis" L.F. Albright, L.G. Alexander, University of
Oklahoma e . ,




e _

0 e e

oot

S T

537

NELE=5

o
&
¥

N
A
v

T Y
EI IR A

“ -

oA e ,,
o i TR
e, e T ]

-
s
E

-

"CONFID ENTIA L

g
plastic chamber mockup and the combustion efficiency obtained in the steel
counterpar£ appears attractxve. Iff such a correlation ex1sts, conﬂldarable
developmeqt work quld be doneUW1th inexpensive fluids (nitrogen and aluminum
particlesj. This general approach could be carried one step further if the first
phases described above are successful, Glass wall combustion chambérs'together'with
Schliéren4photography and flame ioniec probes could then be used to ﬁofe fully
describe theaactuai flame. The existance of a correla£1on between the plastic
mockup flow patterns and fhe local conditions of temperature, velocity, and degree
of reaction obtg}ned by Schlieren photography and ionic probes would give_gseful

data to the entire field of turbulent combustion recesrch, The affects of flame

generated turbnulence would be the least that would be obtained,
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TEST DATA RUN #68 MODIFTED CC-12 COMBUSTION CHAMBER

Date 18 January 1953 7
cémbuqtion Chamber Pressure ' | 728 paig

' Iater/HaOn ratio in gals, 2.00

Fuel/HaOn ratic in gals, | .210
Catalyst Chamber Disch, Temp,- o | 1255°F
Comb, Chember Disch, Temp. - _ o 1200°F
Cooling wg'i"er 40 somb, ch, Temp, 7 111°F
Diluent ‘o spray mozzles temp, o | 30L°F

‘ D:iiuent %o oombg«"'rgh. s pressure R - 800 peig

" AP across diluent hpﬁy nozzles A 72 psi N

Fuel to_comb, "'éh. pressure " - 775 psig
AP fuel injector | 17 pet
Time om fuel : ’ s -minutes
Total flow o 52,682{-!_: #/nr,
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INSTRUMENTATION AT EES
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L{; , Pressure Temperature
: ;uid or Material Locablon Qage [Recorder Gage [Recorder
’ ' -
catalyst charber dischargs e

30s decomposition gases

xhaust gases from comb.
chamber

r" ] 1

*“ ! it

¢

1

Seawater

H20q

"

"

booster pump disch.

steam separater

exhaust line leoop

after orificd

to desuperhaater

to condeﬁsaf

booster ﬁump dischnb

triple feed‘pump suction
br;ﬁlg feed pump discharge
prgporbloﬁing devrice outlet

to combustion chamber cooling

passages

to ¢atalyst ¢hamber cooling
passagas '

to diiuent nozzles
from cooler
to desupserheater

combustion chamber cooling
jacket#

to condenser
booster pump disch.
vriple feed pump disch.

after throttle valve

1
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TABLE II~(contd,)

Il-:l , B : Prassure Temperature
, uid or Material ' Location (Jage . | Recorder Gage |Recorder
lFuel' . briple feed pump suct. ” - ' '
" triple feed pump disch. — / -
" ' proportioning device outlet v
" ' to combustion chamber o
(after solenoid velve)
- - : /
© . [Stean Condenser shell - -
: Contrel air after solenoid valve —
—
T,ube oil to triple feed pump —
LI from triple feed pump — —
Triple feed 'pump ' 3=upper sleeve bearings -
é "o 3~lower sleeve bearings v
" noon _ 3 ball bearings I
" L . housing —
Combustion chamber thermocouple wires | 28,7
! liner _ peaned into wsll #» '
% located as per dwg. SP 859-R2
..;‘
;
:;’
j
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CONFIDENTIAL .
° TABLE TIT
RUN 5-12B SUMMARY DATA
lDate: 17 February 1955 ~Wall and Jacket Temps. °F
Combustion Chamber Press, 650 paig - Liner wall temp., dome 1 A
) 1.71% Wi -
O, - .13% oW "l o3s2.
.29 w3 361
ater/Haoa ratio, gpm _ 1.96% W3A - -
el/HoOz ratio, gpm . . 206 v wh 230
Cat, chamber discharge temp. 1320°F 3-1/8un from throat
omb, " " (Sep.) temp, 1180°F w5 1,25
" " *  (loop) temp, 1160°F : ' W6 53k
ooling water to comb. ch, temp, - 68°F W7 509
" " temp, 192°F j W L9s
o F w9 356 x
iluent %o spray nozzles, temp. - 198°F W10 - 660 -
' - ‘ J ‘Wil - 500
ecirculating pump On Y . , . K
202 after throttle valve, press. 700 psig ,=1/8" from throat - " e
K W13 83 8
iluent to comb. chamber, press. 700 psig w1l 765
{\. ‘ , : w5 665 I
el to comb. chamber, press, . 670 psig w16 _ 14,00
-15/16“ frorn throat : -
Time on HaOz L6 #min, 30 sec. Wwi7 -
. : W18 - 682
Time' on Fuel 39 55 W19 330 =
‘ . v W 933
' 5-11/16" from throat 3
wal | 218 3
Wwe2 734 R
w23 - Vg
waL B2 |
10~1/8" from throat
Was -
Wb 199 1 -
: Jacket Weter, dome o i
: ’ J1 _ 158 .
o S : J2 2Ll ]
‘ i ' © | 3«1/8" from throat J3 C .13 i
' o J 157 "
5-11/16 from throat J5 - :
. Jé 1L0
10-1/8 v o J7 121 -
_ ©J8 l 114 *
18-1/8% o o® J9 s |
7 _ | . 7 J10 ol
ST s GONEIDENIIAL

D
b 1‘.13 d




TABLE TV

RUN 52-12B .

DATA BEFORE AND AFTER TEMPERATURE CHANGES

Before!| After
COa 95.1 | 93.3 | 5~11/16" from throat W22 375 213
Cooling water to comb. ch, °F 60 65 w23 220 167
wah 211 168
Cooling water from comb. ch, °F | 20L 160 | 10-1/8%" from throat WeS 300 310
Diluent to nozzles °F 215 175 Wzd 340 197
Recirculating pump off off | 18-1/8% from throat W27 280 126
[Wall readings dome W 1A 208 190 - : wes 127 228
w2 420 225 | Jacket water, Dome J 1 189 153
W3A 365 203 " " " J2 18L 154
U Wl 272 185 3-1/8" from throat J 3 175 150
3=1/8" from throat Wb 317 209 " " J L 185 154
w6 338 192 10-1/8" from throat J 7 146 1L8
W7 266 190 J8 1L b7
) [ 267 190 | 18«1/8" from throst J 9 101 122
we 250 177 " o " J 10 102 100
w10 L5 220 - .
Wil 33% 220
L-1/8% from throat W 14 220 153
w1s 221 167
h-lS/lé" from throat W 18 250 178
S w1le 213 168
¥ 20 2Lo 172
EQEFIEEEII.&L
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FUEL SEaY 17/

FLAT 1Ce 1

TIWEN USED IN RUNS NQ. 1~-6 AT BECCQ

DONUT BAFFLE ATTACHED
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PLATE NO. 2 - . '

R st e I

FUEL SPRAY PATTERN.#70-80° MONARCH HOLLOW CONE USED IN

e

RUNS NO. 7 AND & AT BECCO

L

e
N h?’-“i?“{l"rr




c2YEID

i=
13
bk
>
i

&
4 e
4 .

ek X e ]

s

PLATE NO. 3
FUEL SPRAY PATTERN #28=-50° MONARCH HOLLOY CONE USED IN

RUN NO. 9 BECCO TESTS
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|  FUEL SPRAY PATTERN SOLID CONE RUN NO, 10 :
: SPRAYING SYSTEMS NO. 5
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PLATE NO. 5

FUEL SPRAY PATTERN SOLID CONE RUN NO. 1l 7: £
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* SPRAYING SYSTEMS NO. 3.5
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PLATE NO. 6
NITROGEN AND ALUMINUM POWDER FLOW PATTERN THROUGH PLASTIC

. MOCKUP WITH RING BAFFLE INSTALLED
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MODIFIED LINER IN CC-12 COMBUSTION CHAMBER
USED IN TEST RUNS #76 - 80
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ENGINEERING EXPERIMENT STATION DESIGNED CC-13
COMBUSTION CHAMBER USED IN TEST RUNS #8l - 84
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T CHRTER TEMPAND § WAL TEAPS 90°
APART. FOR WATEH TEMP .EE NOTE &
S AND SR WALL TEAP SEE NOTE S

— USE SUuVER COLDER OF EQUIV.
TC ATTACH F INs - YO BE

kd

EIST NG INNER LINER
MODIFIED AS SNOWN.

SEENITES -

CONT ANUIISLY RELID-

—_ i
» SEL NOYES

~QURTFR TEMP SEE NOTES '
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CIVERDIX A

In addition to designing liner No. !i, presenting the dual swirl nozzle, and
making a preliminary analysis of the fuel spray in the modifiad Alton combustion
chamber, Arde Associstes of Newark, New Jersey, was contracted by Becco to develop
8n enalytical expression of turbulent, HaOs supported high pressure combustiongg)
The report is summarized herc %o show the excellent correlation between the
performance predicted by the expressions developed in the report snd the actual
performance of the modified Alton chamber. The factors that would increase
performance as indicated by ths expressiocs developed are, therefore, substantiated
within the limitations imposed by the condit?ane rot taken into account in the
“erivations.

The report develops an emation from which an approximation can be mads of the
time required for the complete burning of liquid fuel droplets sprayed into & high
pressure combustion region supported by the decomposition products of Hs02. The
derivation begins with the consideration of the burning of a single droplet in
static oxygen~rich surroundings. The model assumed consists of a spherical liquid
droplet surrounded by a concentric spherical flame of negligible thickness. The
flame 18 located at a distance which is determined by the location of stoichiometric
proportioning of evaporated fuel diffusing outward from the droplet and oxygen
transported and diffused toward the flame. The products of combushion spread
outward from the flame. The principle additional assumptions made were as follows:

(a) the heat value, thormal conductivity, specific heat, end diffusivity of

each unit maas of evaporated fuel are constant.

- - - - - e -~ - - ~ res e - - o - - o - - -

(9) loc. cit, Arde Associated 2567-1
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4 ) (b)  the temperature is uniform throughout i* #me' éroplet and equal to the
P boiling temperature,

(¢) the fuel droplet size changes slowly, therefore a steédy state situation
is agsumed, i

(d)  the fuel diffusivity is directly proportional to the evaporated fuel
density,

(e) the pressure is constant throughout the model and equals 1 atmosphéré.

The fuel 1ife time calculated by the equation developed for the single droplet

is found to be close to the time measured by experlmentationglo) calculated X 100 = 97%.
experimental

The single droplet theory is modified to take into:acqount'the affect of thé
high combustion pressure developed in the EES chambe-, ine cffact of the depletion of |
oxygen as combustion proceeds is found to be sﬁail ana io :°yiécted. The fuel 1ife
) g (;‘ time expression thus modified is used to calculate the time reauired for complete
combustion ip the Alton Chambe§; tb= .OL5 seconds. The uctual fuel residence time
calculated from experimental datas is approximately .035 seconds, The calculated
residence iime predicts a combustion efficiency that is'approximately 10% lower than

that actually obtained with the EES chamber.

The following conditions not taken into account by the derivation are discussed

in the report:

(2)  the fuel spray is composed of droplets of many sizes; the droplets larger
than the mean tend to increase ty; those that are very small burn with the
rapidity of premixed combustible gases which is so great that they, in

effect, contribute nothing to the mean lifetime and could thersfore be

Y excluded .
g, Willlems and Wilkins,

- - - - e .- - ~— ~ - - o

- - - - e -~ -

(10) Godsave, S. Ao E., Fourth Symposium on Combusticn, Pg 81
ke Baltimors, 1953

= A2 -




(b)  the larger fuel dropletz would e deformed bty drag foreces which woul?d
increase thelr burning rate by increasing their surface area, (increcased
evaporation rate),

{c) the turbulent combustion caused by swirl vanes cr brffles in the
decomposition gases would decrease tye

(d)  because of the geometry cf tha central fuel nozzle spray in the Alton
chamber a finite time delay exists until mixing conditions appreaching
stoichiometric are esteblished.

(e) the lack of internal circulation in the smaller fuel droplets promotes
preferential vaporization of the 1ighter fuel fractions., This could
lead to carbon formation and incomplete combusticn.

The formla developed for Y, 1s used to compare the effect of the use of
different fuels. Both the formula snd test data from variocus 1iteratufe sources
show 2 definite gain in combusticn efficiency in the modified Alton chamber would
be attained if a lighter hydrocarbcn fuel than the diesel oil were emrloyved,

The formula slso predicts a decrease in fuel droplet lifetime for smaller
droplets. A comparison cf various sized dreplets was made during the tests at Becco
and showed smaller droplets to yield inferior results. It might be expectsd that the
increased velocity of fuel injection reduczed the stay time in the snort chamber at a
faster rate than the 1i§e t.ime waz reduced ty smaller dreplets. As the effective
iength of the combustioh zone in the Becco chamber was 1/L that of the modified
Alton chamber, it could be expected thai the efficiency would bs lower than that

experieniced in the modified Alton chamber,
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