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IMTRODGCTINY

The purpose of this report is to present a preliminavy analysis
erd design of a missile which fulfills the requirements syecified Ly
Project MX =794 as ovtlined in the University of Michigen regort, U¥R-8
for the UMA -1 Missile, ard which utilizes ram-je! yropulsian for the
major portion of its thrust. Final dimensionzl ard weight d-te zve to
be compared for equal erl condition of altitvde, horizoutal distance
and time, to model TMA -1 liquid-rocket missile.

Particular attention hes been paid in this eanelysis to the struct-
arel design from - high temperature and high acceleraticn standpoint, in
order to insure that tne missile conforms closely to the structural re-
quivements of an actual missile. Drag ccefficlients have been revised
upward to give decidedly more conservative performence results than
heretofore. Analyses of the verious components making up the missile
are descridad 2ni expleinci in detail. A section on the homing stage
thrist requirements has also been included to show promise of further
reducing the initisl weight of the missile. However, to maintzin as nearly
equal beses of comarison with model UMA-1 missile, as possible, iden-—
tical homing stage thrust requirements are used. Grephs snd farmulas

sre presented im the appendix WWWW with brief comments on

hielir derivation,
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SUMMARY

The missile presented in the report is a three stage missile
utilizing a solid propellant stage for launching, a ram-jet stage te
accelerate it to a high altitude and velecity, and a rocket stage for
controlled flight outside the atmosphere to the target. Initial weight
and overall length of the ram-jet missile are considerably lewer than
that of the liquid rocket missile fer identical interception conditions,

and are due primarily to the extremely high specific impulse of the ram-
jet. The possibility of further reducing the initial weight of the ram-
Jjet missile with consequent reduction of its physical dimensions appears
quite favorable, It should be stzted, however, that the performance
results of the ram-iet are contingent upen the practical solution of
combustion problems and upen the d esign of a practical, completely

variable diffuser and tail nezzle.
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Discuesion

The preliminary analysie and design of the missile was begun with
an attempt to determine quantitatively the following conditions in order
to fix its structurel requirements: (1) maximm axiasl and radial acceler-
ations; (2) meximm internal and externmal temperstures; (3) maximm in-
ternal and external aerodynamic_ forces; and (4) stability requirements.
Brief calculations of these conditions showed that axial acceleration
and internal and external temperature, would be the most important de-
s8ign consideratione. Internal preseuree were calculated to be &pproxim->
ately 300 psie maximum throughout the flight path. (See Figure 1, Ref:f( ’

erence UMM-14), - s N
Pk

wohe i

Third Stage Deeign Lodat dosa €16 L Sha
Since, from IMC-4€, third stage equipment was known, the prublem

remaining wee to position each piece of equipment to hold a fixed c.g.
poeition and to perform its job properly. Thrust requirements were
besed wupon the method used in IMC-46 (see page @ ). From these,
fuel requirements giving tank andé motor sizes were found, and the bulk
of the third stage miseile dimersions were known, permitting the ram
Jet stage to be deeigned.

Second Stage Degign -- Ram Jet o

The diffuser selected wae of the Oswatitech‘:ype, utilizing the

7

ird stage missile for the certral body. An LAl d: o -
e |STHEREANY OTHERTY P Noge On Osiepy. PIFE v ¢
nose jwas selected for the central body to provide optimm pressure re-

of

covery in the a_u_b‘s_gm,azportion of the diffuser. Dimensions cof the

diffuser were compromised to give optimum pressure recovery throughout

s !
#
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i:Ignition of the fuel is ccntinuous and provided by a hot wire system

V

/” Tail nozzle design was camplicated by the requirement that for

|
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a wvide range cf Mach numbers, and were cbtained from USCAL report R-4-7.
Stability of the ncrmal shock is obtained by means of bleed holes located
in the forwsrd part of the diffuser hocd, according to experiments by
Evvard of NACA. Proper design of the bleed hcles will minimize/the loss
in mase flow through them, while still insuring stability, and almost
isentropic pressure recovery. ontraction ratios for Mach numbers from
1.5 to 6.0 were provided for as well as possible in the design by &
meximum of fore and eft mcvement of the central body.

Fuel 18 injJected into the subsonic air stream forward of the flame
hoclders by meens of a tubular ring fitted with injection nozzles. The
fuel is preheated in tanks surrounding the subscnic portion cf the dif-
fuser, and is pumped to the ring from & circumferential tank holding

1200 1bs of fuel, through four high volume, mediur pressure fuel pumps.

‘latticod ecroee the flame holders at the forward part of the ccmbustion
ichamber . M/( sk A f?“w wﬁma& M‘*“*J
~ oo uw AR dret g
The ccmbustion chamber is designed to withatand ccmbustion tempera-
tures up to 55000 F, and incorporates a heavy skin plus a ceramic coating.
Heavier guage skin is alsoc provided for other parts of the missile sub-
Jected to high temperatures. |

maximum thrust coefficients for Mach numbers of flight less than approx-
imately 3, the tail nozzle should be a straight tube. Above flight Mach
numbers of 3, contraction ratios of combustion chamber area to throat

area should be greater than 1. These requirements could not be designed

(\WMQA\«f&/y/* ”!m JFM Z/ff@ /)MM{/%( P g&

f’! 7T B }Z’é ﬁﬂ""‘rﬁ‘ Pt
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into the nczzle section, and a compromise wes made. Control systems
for the fore and aft movement of the after body and forward body are
provided by means of hydreulically actuated pistons, actuated by an in-
terconnected gydraulic pressure source. Hydraulic pressure is maintained
by high pressure hydrsulic pumps. Regulation of the positions of the
inner bodies 1s aocomplished sutomatically by a valve operating between
subsonic diffuser pressure and atmospheric pressure.

Jet deflectors, similarly controlled as the inner bodies, are pro-
vided at the aft end of the ram jet, to control its direction in the
atmogphere. QA R& THeEZe W IN 69 ?

First Stage Design - Boost

Solid boost attachment consistes of four solid propellant rockets,
each capable of delivering approximately 75,000 1lbs of thrust for a pericd
of four seconds. The bocst rockets were located on the outside of the
ram jet shell for three reasons: (1) reduction of overall length for
ease of handling; (2) operation of the ram jet during boost; and (3)
action as part of the required fin surface. Reason (2) 1s probably most
important, since at the low Mach numbers of boost, any retarded operation
of the ram jet could conceivably result in an unsuccessful flight due to
the high draam. Provision for Jettisoning the boost rockets
18 made by means of explosive bolts attached to each boost unit. Fins

were added to the boost units to conq)lete the required total fin area.
Lodndh | M e T 'ﬁ»«%« it oo Srooad i bal
{} &wﬁ ] vﬁl /" g /.tf g"‘i i

C ‘Meighk,a of each oomponont a.hd the shell structure were calcuhted
according Btand&rd aircraft practice-and are-Iisted m}YAPpendix o

A—”‘”ﬁf'
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PERFORMANCE ANALYSIS

The finsl requlsite for the »erformance anelysis of the
ram Jet misgsile, 1lg, of course, to determine the thrust and
dreg coefficlients g8 functions of Mach number and altitude.
From Report UMI-7, thrust coefficlent curves were celculatel
(see Fig. 4~ ). The diffuser efficliencies used are consider-
ebly lower et 1ow suoersonic ¥Yech numbers than can actuslly

drunees 219 {? {
be vecliveq4 ténd ng to keep performence results conservetlive,
It must be stated &t this point}fhowquﬁé thet the thrust

0L O \Pldgrya: *;uv"u
equlire e strclghtAtube

coefficlent curves

of combustion chamber dianeter &t Mach nyrmbers less then
Ch, AT ”H.A.:’y?,&vgf =y 20N, %,,k-o..ﬂ.d‘w =q CJJ@"C
end further, reququﬂth(t t“e diffuce* entrence esres equals

the combustion chember area et Mtch numberﬂ greater then 3,

Although these requirements are not entirely met by the ram
jet missile designed as shown, it is felt that by the time

)

an ectuel flying missile 1s bullt, sufficieg%gnrogress will
heve been nade 1n‘dggizn to insure tgﬁq hrust

coefficlents

used, oerformance given is not at all ovntimistic.

Drag coefficients for the first two stages were obtained
from Continentel Avietion and Encineering Report 340, which
used e micsile of simllar deslgn (see Fig. 4 ). Coefficlents
plotted ere based uvnon combustion chanmber erea, Drag coeffi-

clents for the third stege sre taken from NACA report ACR-
L5HO8 and are based upon & misgsile of L/D = 5.5.
With thrust snd drag coefficlents plotted, 1t was

tentatively decided to launch to M = 2,0 with a total burning

v
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time for Steges I and II of 23 seconds., A few climba to
reouired eltitude were run to check the verformance. The
altitude et the end of boost was celculated from the rela-

tionship (see vace 14~ for derivation):

ch)z = Iv - DAV - Wo + EC%S\Z

2¢3 —
Yo T %ﬁ
¢ - velocity of sound - fps E
S - verticel distance - ft. |
I - g»ecific impulse - sec,
w - Rate of burning - 1bs/sec
Wy - initiel weight - 1bs,

QQV - avereee drag durlne lsunching
Leaunching 1s verticel, and the migsile 18 gswung through

an angle of 26° from the verticsl at the start of ram jet

overation, _Audtar

Severel calculatione to the reguired finsl sltitude were
then mede, using 2 aten by sten nrocess for the second and
third stases (see Appendix, pnage ). When the drag became
less than 100 nounds, the following equations were used

(UMR-8, Appendix A, pege 6):

v Ty + Ty cos  1og Yo -gt
V(n) V(n-1) + ® ¥n)

w Vo = ﬁt(n)
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v =V + 25 sin  log Wq
(n-1) w Vo = Wi(p)

- SV(n-l) ¥ VVf'(n--l)t(n)

+ Tocos X‘wt(n) - (wo - wt(n) )log Wo

(@]
<3
—~
=
~
]

S E——
w0 - Wt(n)

[J

W

- 1z t(p)°

S =S + vV ]
Bln) * “Hnoy) T By ()

T.sin . W ‘\
. - . 0
+ _ETE___ Vt(n) (wo Wt(n) Jlog

2 W - ﬁt(nﬂ
Vv - verticel veloclity - fns.
V., = horlzontal velocity - fns.
SV - verticsl dlstence - ft.
SH - horizontal distence - rt.

T - thrust - 1bs.

g - 32.2 ft/sec?

w - rzte of hurnine - 1Dg/sec

n - atepe nunber
v - time of burnins durine nth stage - =ec.
- welcht at beginning of nth stege

® - flight path angle from vertigel = 26°

Retes of burninz of the thlrd stage control end stebili-
zation motors were celculated by the method given in INMC-L6

pp. 1 - 4, .
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170-130 sec 23-170 sec

Lateral thrust 21.9 1lbs/sec
Pitch, yaw & roll 3.13
Turbine 1.07

26.10

4,10 1bs/sec
3.13

1.07
8.30

Totel fnel = 26.1 x 10 + 8.3 x 147 = 1485 1bs,

(third dtege)

Check for Horizontrl Diateance Correction (23-170 sec):

Required distence = 58,300 f%.

T y W
s, = Ig ‘.wt - (w_ -wwt, ) 1n 0
17 - (n) 0 (n)
WZ Wo - Wt(n) N
- 4.0 3492
= 375 x 2800 &18.3 x 147 - (3492 - 1224) 1n 9% = 1255

Leo3)©

w2
"

ool 492 | o
Y 246[}@4 (2268) 1n %EEB] 60,000 ft.

Since 3, 1s greater then 58,300 ft. these burning rates

sufficed.

i
bt

The motors used were: (1), Lateral thrust motors; &,

9
.

at 700 1bs. thrust each§ Arrenged in cruciform, two fired in

each quadrant,*consuming fuel at the rate of 4.10 1lbs/second;

and (2) Pitch, yaw, and Roll stabiligetion motors, L2

motors, universally swiveline, oroviding LOO# thrust each,

Performance calculations have included the 0 1bs, thrust

from these motors during the entire third

b"‘/mﬂi?{ L ? & s{)

i/ffzw /

-

-

| S
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Ran jet burning tine wvas varled to find theQ‘ﬂiniﬂum

burning tlme necessary for the nmissile to reech the required

within the
altitudefjdlstance, gnd time specified for the UMA-1 nissile.

Next, # comnlete enalys@s wmmadew nlssiles designed
ok, Aelel ok resPecTIvely,.

forA10 g, 25 g, and 40 gAto deternine a welght versug acceler-

ation curve, fer—TmmAEmR (see Fig., 2 ). The

aETMSLUr VE
mininu point, showed whilch scceleration geve the nlssile of

\

the leesst initisl weicht, or, in other words, the most effi-

clent nissile.

Filgures & through & show plots of lech number after
1aunch£hQ59nd boost fuel welght versus initiel weight of the.
misgile. Paraneters of rates of burning are shown. Three
design migsiles are used, 10 g, 25 g, snd 40 g. Equastions

used are:

M= -E;-[-IW - Dg_v - (Wo - ZiLtl) 1n wO
cw 2 Wy = WE

(Symbols used are the gene as on page 7 , excent thet
t = time of boost - sec.)

wtlo = W - 7586 (10 g missile)
1.25

wt, = Yo = 7886 (25 ¢ mlasile)

Wy = 8186
1.25

why,o (40 g nissile)

(See Apmendix, pp. \S and \G for derivations)
¢

v
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Plots of mevi-un acceleratlon end leunching l'ech number
versus lsunchling time ere included (See Figs, __ through _ )
for 10 g, 25 z, end 40 g misailes, Maximum acceleratiens of

the flight peth sre attained during launching. Equetlons

ugsed were:

Iv - D,y - (w, - W
Gy = oy 0" Z'+}1n__20
o PR W, - ot
o] 0 2
1) ; _ 8
and t,, = LA l;___12_~ (10 ¢ misaile)
10w 1.25 W
- 7886
t = 39—-—2-,——- (25 g missile)
25 1.25 w
t, = Yo ~ 8186 (40 g niesile)

Lo ~ 1.25 @

(See Anmendix, n. |G for “erivation).
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2.

CONCLUSIONS aliD RECOMMENDATIONS

The initial gross weight of the ram jet missile
= 14460 lbs. as conpared to an initizl gross
weight of 17600 1bs. for model Ul.a-1l,

Lowest initial gross weight is obtained by de-

signing the missile for 25-30 g acceleration.

3.1t aprears that no great behefit will be derived th

reanalyzing a ram fet missile until more test deta
to substantiate or disprove present assumptions

are available.

It is apparent that the ram Jet indicutes a tremen-
dous future as a neans of propulsion, primarily

due to its extrernely high specific impulse.
Secondary factors such & ease of servicing, manu-
facture, and storage stabllity are also not to be
overlooked in a comparison with a 1liquid rocket

nissile,
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APPENDIX

Derivation of Equatiens

A. Verticul Distance Climbed Durin§ Boost.
A —————

s+vt+§at S, =V, =0

w
]
= o

g _ Y. -
at a=a s,..

average

. F — -
8y = net av = Gross Thrust Dragav aeighta

liass
ay (vdight  )(_L1) »

e . g
%Zgg t;} g

; . ®
W D =iy

= 2
LI
2
, s %S
- — M, - = W - —
0 2ZI o] vf
2

l

H‘, ) . .::vi
Nused, Q= 10704

Also, aa;wémfg - vo = z; = Zg = v?
T t &5 z s
Ve
ft; (I® -D, -V $—)
35 ~
wo -%3S
2 S
(eM) _ I% -D, -, + ¢ K
or, 2gSs
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B. Launching Mach Number vs. Initial Weight.,

Assumptions: Vertical Flight Path
M —.\Nuv W 18

Net Thrust = Gross Thrust - Drag - Weight

9

va dor . ka3 dor _ CD"};?? AV@“ i
M W

lw T T
5 4
juc\r:/rﬁéf;_ Davﬁf*@* - fﬂ'
w 4 /
ol Y e co 4
m;,‘{ > L a W Wem Y
o Tg 9 Twey |
/u’b‘ E ‘6 Wo, _ Davg[”w%@;‘a
«,; (7 \ / t.> D
.
. : Tq log Lo I\" Der | - {
/A Tw
Ns
/\)—’ _ v .F o
= it -3 - o
Swe € o Tw - Dw'ﬁw“"“
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s ( |+ W _ Tjﬁ'z W*»FW ~Dar]

f Tw =D - W Cw

S T Tw-D, .~ | ~} 1
o)A
, . i "
,ui? - ;%;* i; Tw- K>¢uf— ( W gfi:’) ’ngé;lféf
W

C. Maximum acceleration vs. Initial Weight

/Dé/* e
& /\r‘(:_ - 'I: W - .Dh\f (W " )
W
t Wy~ W
& Wy— wt
[/
D. Ratio of Initial Launching Weight to Final Launcling
Holgnt ExprAn |!
From illeghény Ballistics Laboratories: Feo it
\A_)\f\f}* ﬁ:f ﬁe‘é
Propellent Welght _ 4 g4 oy, !
Gross Weight
¥ropellant Weight #
OT “Shell Welght 4.0
let Wb = Initial Weight
Wy =Wgtage 111 * Wstage 11 * "boost fins

+ Wooost fuel T Wboost shell

\(r‘
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For a 10 g missile:
W, = 3492 + 3484 + 610 + W.( 1 + i)

Wr
= 7586 + 1.25 wf = 7586 + 1.25(&’:1o - W)

0.25 W, + 7586

W =

1.25
W 1.25 W
TRl

0.25 wo + 7586

Adding 200 lbs. for each additional 10 g:
NTHRLS LS 6riiouShy THE T RIMG
Toedo T Quessl]

WO — 1.25 -Vo {’{fif}“”f ( 25 g )

W 0.25 Wo + 7886
W 1.25 W
0 & ~ 0 ( 40 g )

0425 Wo + 8186
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Boost Size Calculation - Separate Boost Units

For M = 2.1, graph of 25 g missile gives:

W = 1600 lbs. per sec.
W_ = 14460 1bs.

o
wboosst fuel = 6080 1bs.
l P A -t - -
(7777777777 7777
i ;_._ / (/ / Vs A /‘/ /7 g n"r' / ./", ./‘l‘/ i;‘ /"}/’ ‘ /"!_////_/”f/ /,-”
] yayys 7 7
1
4 = 7 D
v=" (0P -a n=F(¥-4a)100=6.980D
4

From JFLCIT - Li- 4-17.,4

Wooost fuel = 84,6 lbs., per cu. ft.

6080 =124,000 in
84.6

Total volume boost fuel =
Volume per cylinder = 31,000 cu. in,

D3 - 921000 = 4450 cu. in.
T 6,98

D = 16,4 in,
L =164,0 in,
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