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> SUMMARY

il

Plame compositions, ccmbustion temperatures, and spccific impulscs
have been calculatcd for the combustion-with liquid oxygen of:-

(1) Methyl alcohol with varying additions of water,
(2) Ethyl alcohol with varying additions of water,
(3) Aviation turbine paraffin.

" Calculations have becn confined to propcllant combinations with an 3
" cxcess of alecohol or paraffin. and which produce ccmbustion tcmperaturi§/
belew about 2,700%. An cxpansion ratio of 20:1 has been assumed in
obtaining the specific impulses and the methods of calculation are £fully
gxplaincde. Thc various propellant combinations are assessed f
scwgral points of view as to their usefulness for rockotig; Qlsion.



2

LIST OF CONTENTS

Para.
Summary ook eXete BO0 500 eleke 0G0 5'ao 300 0ld0 0OQ -
Introduction 060 500 efele SOio e 0610 700 Jad 060 1
Presentation of results Ry ek Fre o Shotts S oo 1

Discussion of results ... 0Gic HOC S Bl BOC rels ot 15
Undiluted alcohols and paraffin 90T cee cee oete ROl g

Alcohols diluted with equal percentage of water PP For . |
Near stoichiometric mixturcs ... Slere et 380 ok e ees 19
CDncluSiOnS s e e e e se e e e soe e s e s 25
References
APPENDIX I

Method of calculation of combustion temperatures and specific impulses

Outlinc of the method ... ces cae ces con oss 0.0 2
Initial compostion Ao siege N cos S atea oo 5
Equilibrium of gascous products O S e R R
Heat available S oiele oo qac cos OATE Slol SOC 5
Corrcction o>f cstimated temperature coe coe ses sen 6
Specific impulse ... e e coe - da Wee sars N8
LPPENDIX IT
Worked example
Data s e se e s 00 s 0 e e e LI ] LI ) ec e ®e 0 e 1
Initial composition el cee S oo Sfese Sa0 964 2
Equilibrium of gaseous products 0] cue vos 00 504 5)
Heat available and correction of cstimatecd temperature Shets L
Specific impulse ... ves cos oEeie Siale aitels oL SO0 i

LIST OF T :BLES

Table 1 Calculated data for methyl alcohol-water-liquid oxygen
prorellant combinations.

Table 2 Calculated data for ethyl alcohol-water-liquid oxygen
propecllant combinations,

Table 3 Calculated data for aviation turbine paraffin-liquid oxygen
propellant combinations.

LIST OF ILLUSTRATIONS

Fig.
1 Combustion temperatures and specific impulses for methyl alcohol-
water-liquid oxygen propellant combinations.,
2 Combustion temperatures and specific impulses for cthyl alcohol-
water-liquid oxygen propellant combinntions.
3 Combustion tcmperatures and specific impulses for aviation turbine
paraffin-liquid oxygen propellant combinations. ”
4L Mass flow of fuel mixture for methyl alcohol- water mixturcs.
5 lMass flow of fuel mixture for ethyl alcohol-water mixturcs and
paraffin,
6 Flame compositions for methyl alcohol-water-liquid oxygen propellant
combinations, 3 '
7 TFlame composition for ethyl alcohol-wnter-liquid oxygen propellant
combinations, i '
8 Flame compositions for paraffin-liquid oxygen propellant

combinntions.



3 RaE/RFD 6/47

Introuvduction

1. The purpose of this note is to present information on the conbus=-
tion with liquid oxygen of aviaticn turbine paraffin and of cthyl or
nethyl alcohol diluted with varying percentages of water. Calculations
of the composition of the gaseous products, the conbustion temperature
and tnec specific impulse werce made in order to assess thesc.fuels and
fuel mixtures for use in the L.0.P./G.a.P. regeneratively cooled com-
bustion chamber. It was hoped to be able to rcplace paraffin by an
alcohol-water fuel mixture and thereby obtain more efficient Jackct
conling without any undue rise in combustion temperature at the required
specific impulse. Results of tests so far made are encouraging.

2, It was also hoped that, by the use of thesec new fuel mixtures, the
radar attenuation across the rocket Jet would be greatly relduced. Of
possibly considerable importance in this case are mixtures in which
dilution beyond stoichiometric proportions is by water and not alcohol.
The jet produced by the combustion of these mixtures should contain no
free carbon and no after burning, both of which arc beclieved to be a
possible causc of attenuation.

3. The method used in making the calculations, together with a worked
example,'are given in the appendices. This should enable those .not
conversant with this type of problem to make similar .calculations
themselves.

Ubs Results of the calculations are given in tables 1 to 3 and figures
1 to 8. They are discussed in paras. 13 to 22 and the conclusions
presented in paras. 23 to 27.

% The data on aviation turbine paraffin is compleuentary to that
given by F/Lt. Beeton in his scries of R.4.E. reports but covers a
lower range of specific impulses. agreement betwecen the two sets of
results appears to be good.

6. An appreciation of the relative value as coulants of the three
“types of fuel or fuel mixture is to bec made in a further technicol
note (Ref. 2) but for the purprosc of this note it will be sufficient to
rcalise that the alcohols when used alenc are a considerable inprovement
ori paraffin, and that the water mixtures of dilutions likely to be used
(up to 50% water) are probsbly very much the same as undiluted alcohuls.

Prescntation of results

Te Calculations havc been made of the composition of the gaseous pro-
ducts, the combustion temperature and the specific impulse, assuming no
recombination in the nozzle and an adiabatic expansicn from 20 atmos-
pheres to one atmosrhere, for the following fuels and fuel mixtures at
various fucl/oxygen ratios:

(i) Methyl alcohol with varying allitiuvns of water.
(ii) Ethyl alcohol with varying additions of water.
(iii) aviation turbine paraffin.

8. The' results of these calculations are presented in tables 1 to 3
and shown grarhically in figures 1 to 8.

9 For each alcohol-water mixture a grid (fig. 1 and 2) shows the
variation of combustion temperature with varying water dilution for
various oxygen to alcohol ratios (=R) and various specific impulses.,
This was first darried out fuor methyl alcohol for the rativs R = 0.667,
0.8, 1.0, 1.25 where R = 1.5 is the stoichiuvmetric rativ. Similar
values of R for ethyl alcohul were obtained by multiplying the above by
2.08/1.5 in each case, since the stoichiometric ratio for ethyl alcohol~
vxygen is 2,08, Corresponding values of R for the two alcohols then



give lines of equal "fuel richness”.

10+ In the case of paraffin fuel there can be no water dilution and
curves are given (fig. 3, of the variation of ‘combustion.bembeaturg and
specific impulsc with the mixture ratio of fuel and oxygen.

11. In fig. 4 and.5 for thc two alcohols thc mass flow of the fucl mix-
turc is shown as a fraction of the total propellant flow with.varying
water dilution and for various specific impulses. This cnables one to
calculate the mass flow of fuel mixture which will bc rcquired in a
rocket motor working with given thrust, specific impulsc and fucl mixturce

12. Thc compositions of thc gaseous products of reaction are shown in
the remaining figures. =

Discussion of results

13. In order to assess the rcsults it must be borne in mind that for the
same mass flow, cthyl alcohol is a considerably bettcr coolant than para-
ffin (film conductance = 1.8 times that of paraffin), methyl alcohol is
slightly better still (2.4) and water is better than both (5.8 to 6.7).
Completc data for mixtures as well will be given in ref. 2 and is expected
to show that alcohol-water mixtures with up to 50% water have a film
conductance not greatly better than the undiluted alcohol in question.

Undiluted alcohols and paraffin

14. At low oxygen to alcohol ratios (i.e. low temperaturcs), methyl
alcohol gives similar spccific impulses at slightly lower tempcratures
than cthyl alcohol. At higher ratios the position is reversed. In
neither case however, is the differcnce more than 100°C and it is usually
a good deal less. Paraffin shows a small advantage over both, but again
it is of the order of 100°C, the maximum advantage being about 150°C at a
specific impulse of 220 seconds.

15. Over the range of specific inmpulses taken, the mass flows of nmethyl
alevhol arc some 7 to 10 % higher than those of c¢thyl alcohol in cach
case, and these in turn are 22 to 25 v higher than those of paraffin.
Curibined with the above mentioned couling properties this gives methyl
alecohol a moderate advantage over ethyl alcohol and both aleohols a very
considerable advantage over paraffin,

Alcohols diluted with equal percentapgo of water

16. 4As the alcohol dilution is replaced by water dilution, the temperc=-
ture for any given spccific impulse rises considcrably (200 or 300°C)
especially at high specific impulses. Ethyl alcohol-water mixtures give
tenperatures up to 100°C lower than corresponding mixtures with methyl
alcohol; and paraffin which cannot be diluted gives teuperatures 300 or
LO0YC lowcer than both.

17. Over the range of specific impulses and dilutions taken, the mass
flows of methyl alcohovle-water mixtures are from O to 7 ;¢ higher than
those of corresponding mixturcs with ethyl alcohvl. These in turn are
20 to 35 % higher than thouse of paraffin.

18. Since the film conductances of the alcohol=wiater mixtures (up to 50%
water) appears nearly cqual to those of the undiluted alcohuls, and the
combustivn tcwperatures are sovmewhat higher, it secms disadvantagcous to
use water Jilution from the point of vicw of jacket coovling. However, wc
may still expect wethyl alcvhol-water mixtures to have a slight advantage
over mixtures of ethyl alcohol with the same percentage of water and both
to have a counsidecrable advantage ovver paraffin.

Ncar stoichiovietric mixtures

19. It should be notcd that the mixtures dealt with in the immediately
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preceding paragraphs contained numerically equal percentages of water.
Consequently, at the same specific impulses the methyl alcohol propell-
ant mixtures are more nearly stoichiometric than those containing ethyl
alcohol.

20. It may be necessary, in order to minimise radar attenuation, to
use alcohol-oxygen ratios near the stoichiomctric ratio anc dilute each
alcohol with water so as to give the (same) desired specific impulsc.
Under these conditions ethyl alcohol requires a greater percentage of
water than methyl alcohol and ignition difficulties may arise. Leaving
these aside however, and comparing lines of similar R value (or "fuel
richness") near the stoichiometric value, we find that the two alcohols
give very nearly the same temperature for any given specific inpulse.
It is of course, as before, some 300 or 400°C above that given by para-
ffin for the same specific impulse.

21 Under these conditions and over the range of specific impulses and
dilutions taken, the mass flow of methyl alcohol-water nixtures are
from O to 5 % higher than those of corresponding riixtures with ethyl
alcohols These in turn are as before some 20 to 35 % higher than those
of paraffin.

22. As before, the alcohol-water mixtures should both be a2 consider-
able improvement over paraffin due to their better cooling properties
and higher rates of flow. In this case however, owing to the greater
dilution of the ethyl alcohol, the two mixtures will probably have
aliost equal film conductivities and there will be very little to
choose between them. Owing to the greater combustion temperature the
overall advantage from the cooling point of view is not so great as
when undiluted alcohols are used.

Conclusions

23, Used undiluted, there is very little difference between the
cuibustion tenperatures given by the three fuels. For reasons of
regencrative cooling, necthyl alcohol will be slightly better than ethyl
alcohul and both will be considerably better than paraffin.

24, As water is added to replace either alcohol as a diluent, the
tenuperature for any given specific impulse rises. At higher specific
impulses (200 to 230 secs.) the rise is quite considerable.

25. Preliminary calculations indicate that this rise in combustion
temperature will not be accompanied by any very significant improve-
ment in jacket couling as the percentage of water dilution rises from
O to 50/,

26, In general thereforec, it will probably be best to use undiluted
alcohols where possible, though mixtures with water, if required for
other reasons, will show an advantage over paraffin.

27. 1In the case of near stoichiometric alcohol-water-oxygen nixtures,
required to reduce radar attenuation, the water dilution will be
greater with cthyl alcohol mixtures than with methyl alcohol mixturecs.
For reasons of ignition methyl alcohol may therefore be preferable.
Otherwise there will probably be little to choose between the two
alcohols, both however being preferable to paraffin.

References
1. H.M. Pike. "Tables of heats of formation, specific heats and
equilibrium constants for explosion products" - Armament Research

Department, Ministry of Supply.

2 I.C. Hutcheon. "Comparison of soume rocket fuels as regenerative
coolants" =~ R.A.E., R.P.D. Technical Note.
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AFTTENDIX I

liethod of calculaticn of combustion temperatures and specific impulses

1.  For the combustion temperatures dealt with, we can assume that there
"1s no dissociation of the products of combustion into O, OH or H, and
that the only molecules present are CO, Ho0, Ho, COs. Results based on
these assumptions hold good up to 2,500%K or 2,700°%K. For higher per-
formance mixturcs, the calculated temperatures will be too high. We also
assume that there 1s no recombination during expansion through the
venturi. The first and major stage is the caiculation of the combustion
temperature. The specific impulse follows relatively simply from this.

Outline of the methed

2. VWe first make an intelligent estimate of the expected combustion
temperature and calculatc the composition of the gases in equilibrium at
this temperaturec. We then assume that the propellant decomposes into
gascs of this composition at room temperature (300%K) and at the combus-
tion pressure. The heat cvolved is calculated from the difference be-
tween the hcats of formation of the gases and the propellant at 300°K
and the combustion pressure. This is compared with the amount of heat
required to heat the gases at constant pressurc from 300%K to the esti-
mated combustion tempecrature. If these figures disagrece, a seccond and
more accurate guess is made of the expected combustion temperature.

Initial composition

s The first step is to write down the nunber of gram atoms (i.e. the
fraction of the atomic weight expressed in grams) of each element pres-
ent in one gram of the propellant. These numbers are proportional to
the actual number of atoms of cach element present.

Equilibrium of pgascous products

L. By equating the number of atoms of cach type present before and
after the reaction we obtain threec equations giving the ampunts of CO,
Hy0, Hp, in the products in terms of the cnounts of C, H, 0, (known)
and COo (not known). Expressed in gram moles:

(1) (c0) = (&% - (cop)
(i1) (Hz0) = (0) - (C) - (Cop)
(1i1) (H,) = &(@H) - (0) + (C) + (Cop)

The fourth equation is given by the water gas equilibrium which is
known at any tecmperaturec:

(iv) (co) x (H20)

(COo) x (Hp)

The constant Ko is found from tables using the estinmated combustion
temperature. The last cquation is then solved for CO, using the pre-
vious threc equations to climinate (Co), (Hy0) and (Hjp).

Heat available

5. The heats of formaticn of the gaseous products from their con-
stituent elements at 300°K are added, and from the total is subtracted

the heat of formation of the propellant from these same constituent
clements at the same temperature. The difference gives the heat liber-
ated in the decouposition of the propellant at 300K and constant pressure.
This pressurc is the combusticn pressure, but the heat of formation is
nearly independent of pressure and is tabulated for a pressure of one
atmosphcre, so this value may be used.
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Correction of estimated temperature

6.- Using tables of total heat c¥ of the mean specific hcat at con--
stant pressure of the gascous products we find the amount of heat
required to raise them from 300%K to the estimated combustion tempor-
ature. If this is less than the hcat available we must cstimate a
highcr temperature and vice versa. A rough estimatc of thc crror is
obtained by dividing the diffcrcence between the heat available ana the
heat required by the specific heat in cals. per gram around thc
cstimated tempcraturc.

7o If thc originally cestimatcd tcmperaturc is very far in crror,
i.c. by 100 or 200°C, it will be nccessary to re-cstimate Ko, =nd,
using the new cquilibrium,to rccalculate thc heat avuilable. This
latter however, is not very scnsitive to small changes in the
composition.

Specific impulsc

84 This is found by a rclatively simple calculation involving no
approximationg., Mean values of ¥ (the ratio of the spccific hcats)
and M (the molecular weight) arc found by averaging on a basis of the
number of molccules present. Values of ¥ at the combustion tempera-
turc are near enough for rcasonable accuracy, the cxpression for the
specific impulsc being rclatively insensitive to changes inY, though
valucs at a mean temperaturc over the expansion period should strict-
ly be used. We get, thercfore:-

(i) Mecan }/ S ¥ x No, .of gm moles
S ° DNo. of gm molcs

(ii) Mean ¥ = & M x No. of pm moles
éi No. of gm moles
z 1

& No. of gm moles

Mean valucs of Y’and M are best found by constructing ancther table
and using the above relativns. The specific impulsc is then obtained
from the fuvllowing equation where Pe and Pc arc the exit and combus-
tion pressures respectively and T is thc combustiovn tcmperaturc:

e -

S ¥e =) SateB % .z%égf E 1 = (PQ/PC)(Y-j)/Y’g : scconds.,

bl -

6/u7
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APTENDIX 2

WORKED EXAIFIE,

Data

il (Pigs. are taken from tables by H.lM. Pike = Ref. 1).

CHBOH 45 gm - Heat of formation = .45x 1,793 = 807 cal.
0o 45 gm - Heat of formation = .45 x 106 = 48 cal.
HoO .10 gm - Heat of formation = .10 x 3,790 = 510N eals

Heat of formation of 1 gm propellant = 1,234 cal.

Initial composition

2. (€) = .45x1/32 = 0.0141 gm atom
(H) = o45x 4/32 #7210 x 2/18 = .0563 + ,0111 = 0.067L gm atom
(0) = 45 x 1/32 + 45x 2/32 + +1 x 1/18 = 0422 + ,0056'
= 0.0478 gm atom
(Checkr, =

(o000 x 127 + {067k = 1) « {.OL78 x 16} = 1.0661)

Bquilibrium of gaseous products

3. (C0) = .OW1 - (COp)
(H0) = 0478 = 0141 = (COp) = .0337 = (COp)
(Hy) = .0337 - 0478 + L0141 + (COp) = (COp) = (a chance

simplification)

Estimate temp. at 2,600%K so Ko = 6.33 from Pike's tables

Hence (.0141 = (COp))(.0337 - (CO2)) = 6433

(Cop) x (COp)

Hence, solving, (COp)

"

«0059 gm mole

"

giving (co)
(Ho0)

(Hp)

0082 gm mole

. 0278 gm mole

i

«0059 gm mole
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PABLE

Calculated data for aviation turbine paraffin -~
propellant combinations (Expansion ratio 20:1)

~_liquid oxygen

RAE/RPD 6/47

| R g el ; A7 ] a3l wso | wm
Phraffin gns . 468 .44# o421 « 400 2 365
Liquid oxygen gms .232 «555 «579 « 600 +635
Combustion temperature °K | 1300 | 1620 1950 2250 2800
Specific impulse secs. 178 196 211 222 248
(o) gm moles .0332| .0306 .0286 | .0268| .0233
(Ho0) gm moles 0 ", 0024 0051 | 0076 D11k
) (CO2) gm moles 0 . 0009 .0012| 0016} .0025
L(-Hz) gm moles ‘ «0351] +0309 <0264 | 0224 .0160

Notes: (i) All quantities are for one gram of propellant

This is a somcwhat approximatec calculation




: | | FIG.1.
K 5 F o i . i - e
i 3 V3 1 ' {
i le |
H T
TETaNT i n
DT R aa st R S e Rt PR T R A P o e T o
CEcEibieT| A B e S s i = R/= OXYCEN / ALCOHOL
eyl e, e - " RATIO WEICHT
Ll 4

0 20 ‘30 40 50
"PERCENTAGE' OF WATER IN | FUEL MIXTURE

-i' ;

DATA_ ON COMBUSTION _OF | ROCKET _FUELS
COMBUSTION TEMPERATURES SPECIFIC IMPULSFS FOR l
: A = ﬁTE?EHM ; OXYGEN %op%l. IANT ,




S.1le SPECIFIC IMPULSE

R. = OXYCEN|/ALCO
_____ 3 i ot RATIO BY WEICHT

o o 0 P . D B | 5% © 0
' m&NTACE OF WATER Iﬁ' FUEL MIXTURE o

-

DATA ON COMBUSTION OF ROCKET FUELS
COMBUSTION TEM ATUhES "€ SPECIEIC IMPULSES.

FOR ETHY -WATER -LIQUID OXYCEN PROPELLAN
R ¥ : ICOMBINATIONS, AT QN EXPANS|ON RATIO OF 20} 1 -

T o B




T
P LR IS B

L gl g

=

S WA
I

++1

Bl

g

—bitl]

el e e e o

SEE B R
11

PRI P




e

FIG.4.

0 1
091
z LINES OF CONSTANT
& o SPECIFIC IMPULSE FOR
o8 ~" ALCOHOL :
5 [secs)
-l t
@
a 074 ——— 52170
il ————35i=180
a
———sl= 190
< 512200 }....J
-
S o s1:210 T
o] —— S1=320 )
2
go-s = - = S
o
<
[ 4
| 75
0 0-4 DRSO i AT i
w 1y
a
=
-
*
i 0.3 ey i e e
J 1]
[N}
per
k . -
k » e e . . | e ——
502 —
z
o
-l
| VY
Ol 4 il 2 § e 4 el bigl i

(72}
n
<
p

o) 10 20 30 40 50 60 70 - 80

PERCENTAGE OF WATER IN FUEL MIXTURE.
DATA ON COMBUSTION OF ROCKET FUELS. -

MASS FLOW OF FUEL MIXTURE FOR

JALC — WATER MIXTURES
(m’r%‘l%u MPUL FOR AN EXPANSION

RATIO OF 20:1)




'FIG.5 .

'
——

. . = + e = 4 E e = = e %r ..I.unl.l |
| -h_.u._ _ __ﬂm _ { ! n
3 } -4 i =4 e AR e e e g TR A
w i i _u. (o] I ‘Irl" -.\u. i
TiL & oo 23% u ., | e
= g2 o a | e
W {

Lo o SRR B W RO Tt SR AL R WL 0 e ” o el
J 1 St 3 ] =)
W B z i W | o

| a0 hunn < @
«w ] . = _
_ =0 MWN 7 i -
w = | w
z3 o3t il di 1 e,
< N . e | RS
- e I 2 f O]
w omA | w i O
F4-3 - % =) &
82 0o % w
[« 4
ww Zao By * .
ov -] =1 [N B S 7 T [t S NI . P |l :
= . ¥ ow
03 % | 4
3z | 3, | o
& i -
. wn
: 1 R T
W | (s8]
AR R
z o)
o | O
ity o i [ s P e S a5 (R e
| m | N
a “ (@)
m <
it g i = it bl LERE: e S0 SRS SIS . MR S .Mn.
()
o D < o e o) =
Mw Q D W (o) o) o
MOTd LNVTI3dOdd 1YLOL 40 NOILDOVYHAL JINLXIW T3nd 30 MO mm(ix g

e e

20:1]

|
'

7~ o, O . O
|

+

MASS FLOW OF FUEL MIXTURE FOR ETHYL ALQOHQ L=

WATER MIXTURES € PARAFFIN
[SPECIFIC IMPULSES AT AN EXPANSION RATIO OF

|



_FIG.6.J‘,

R = OXxye EN!/A LCOHOL RATIO BY WEIGHT.

o

2

-

CRAM MOLES. PER GRAM OF TOTAL PLPELLANT

o
-

COMPOSITION -

3
|

FLAME

; : .‘r‘-2
- cO
(o] I0 20 3O 40 SO 60 70 O I0 20 30 40 SO 60 70
: PERCENTACE OF WATER IN FUEL MIXTURE

DATA ON COMBUSTION OF ROCKET FUELS
FLAME COMPOSITIONS FOR METHYL ALCOHOL - WATER -
LIQUID OXYCEN PROPELLANT COMBINATIONS




FIG.7

= OXY

EN_ ALCQ

HOL RATIO BY

WEIGHT

!
i
|
|

- R=928 g [ [t B IS | |- i
z —— - .‘ "
uva . -'H o R
a o Uil sn ity
o] / : r
o H.O o : . il
-4'-92 r’/ : // : —
5 e . et
T \ -\\ &= e o 5
L&) ® : Bl 5
- ot = i —Hy
; -,>-<"°_2 co,
T SRR e ~go et o
= f
W
avv

@l

- CRAM:;AOLE'S.

o2 3
—

8

FLAME COMPOSITION
D

30

30

|
|

FUELS

DATA ON COMBUSTION OF ROCKET :
LAME composm‘ous FO&_gTHYL ALCOHOL [~ WATER-| - .
iLIQUlD O!XYCEN PROPELLANT COMBINATIONS| : =t
l - 4 - =
; 1 " e
i | St
' v |
; ; : s




T

1§ |
N N
1
| A
|

l
]
I
|
1
b ]

T
R T

t

T ST B

c_w =
il w
: wl W
| >
= ) O L 3
o= ars
g QU ° o L wl 2
x - ¥| 2
Ul 9«
2 By i s :h.l.Oo W e — N ‘W. 1 1
[~ J.“ £ >
e u| &2
w ol <=
U s !
Suamt —— —_— B o e > & = =
au 9] i
= Ol o0 |
w o —-| 0
- == = & ;
2 ) z !
4 — ————— R —_ — ] o e ——— -— -gF u - - f =
- @3 |
" O 2 Fe _
Fsied - O . |
C\pE | B
| M.m heen ol
ORLINErem | S 63 0 8 Fogenemsi o iatho L SR RS b} - -
w : |
__ -5 ! ol S _
- - |
_ ® T <l s !
s sl L SN L IR gy _ o3 ! - sl el
i of N o~ -+ o -4
1NVI113dOld q > w o , #l - |
AVYLOL 4O WYYD ¥3d* Yd4O -SNO] ._._wOn_IOU el aF| | i
I | ‘ _ _
et o el =2 L AR . eyl L L R o Q-A.. _ I i [y 11 | -wl
_ | | i
A ! | ' {
i {
m ! _ [




| |dstl}

nformation Contre
Nnowledpe Servi
{dstl] Porion Do
Scidishin

Wilts

SP4 'l,_{’.)

fel: 0]1980-613753
l-ax 01980-6139

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

USA

AD#.
Date of Search: 13 February 2007

Record Summary:
Title: Calculated data for the combustion with liquid oxygen water-diluted
alcohols and paraffin in rocket motors
Covering dates 1947
Availability Open Document, Open Description, Normal Closure before FOI
Act: 30 years
Former reference (Department) TECH NOTE 6/47
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www .nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.





