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TABLE OF SYMBOLS

Gonernl .
= fluid (gruge) pressurc -  1bs./ins?
F = fores - lhé.
¥ = moment - lba, ft,.
or Moch number |
u = veclecity - ft./scc,

= angle a deflecting nmember mokes with the normel oxis

‘#  =. ongle the reanction of o deflected Jet mokes W1th the
necrnnl oxis

t = nczzlc asscmbly type

or time =  3€08.
m = moss flow rote - ibaa/scc.
T = tcnmporature - - °K or OC
4 = crecss scetionnl arot ' - £
¥ = vrotic of specific-hcats
8 = cxtenﬁion tubc lencth « ins.

Suffixcs

0

refers to rescrvoir

¢ refers tz nczzle exit. conditions:
t refers tz nozzlc throst corditions
8 refers to side thrust

D refers t» dircet thrust

¢ rcfers te contrel ferec
refers tc nozzle types 'a' ond 'b!

R recfers to resultant
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Statistiocal Symbols

Smoll letters o, b, ¢ ete, = tecets or results of tcats at the

Suffirxcs,

diffarent levels cof the variocus
footors

c, 1, 2 otc. - lovols of the foctors

Capital letters, A, B, C cte, = foctors or cffocts of foctors

Round brockets, ( ) = mesn affccts, cor Operstors
Square brockets [ ] - totol offects
Note for brovity, (AoBuCy) will be donoted by (Cq) ote.
v = degrees of frecdon (&/F)
d = divisor
F = variance ratic
t = Student's ratic
o = std.- deviation of poralation™
s = std, deviation of somple
T = sum cf
Bar: = npean of
V( y = errcr varionce cf
n = nunber of cbserveticns
E = crthogonol pelynemisl, 51 52 cte, £, (8) E2(9.) ete.
' ' (Stonderd Error
v = coefficicnt cf voriation - (iean cbservnticng %
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SUMMARY

hir ot 400 to 1,000 1bs ./ins? hos boon dischorgdd through a model
nozzle cf 3" thront to produce 2 jet of Moch numbér approximstely
3.0, Prcvision has been nrde to rocord the direct reoection, -
lntoral thrust snd contrcl moment ossoointod with the d.efleotion
of this supersonic oir Jjot.

i 'tubulor oxtension' mothcd of jet doflection (see Pig.5)

Lo~ T 2 Al Atene A ol A manes Sf Aan

has been investigatcd ovor o wide ronge of conditions including
tube lengths up to approximotely & x nozzle throot dismetor and
inclinecd up to 20° from the nornmal rxis, Two typos have been
investigntod.

The systom is found to preduce stoble and reproducible latersl
thrusts by o mechaniam which i1s oxplained and illustrated by
shodowgrnphs., Judged by the megnitude of the forces, the method
is superior to any knowm method of deflecotion so far reported,

Lotoral thrusts of os much 2s 50% of the direct thrust moy be
obtoined and sontrol mements of the order of 8 lbs, ft. por
100 1bs, loternl thrust arc found to bo nacessary, Most of the
data orc sumanrised in figures 20 to 26. “

Ignoring the mony nonelinenr relotiemships and cconsidering
grond average values, the informaticn con be swmmarised as
follewrs:= -

FORCES
per degree deflection

per 100 1lbs, dircet thrust

i Deflecting Side Thrust, Centrel Mement,
Tube Length, S. Fg 1lbs, Yo lbs. ft.
(1ittic differcnoc {type b about
betrreen types., ) 154 less.)
e —rar T —— = — —~=L
3,75% throat dionm, 2.42 0.16
2,50x " " 2.53 0.15
1.25x " " 1.95 0,08

6,

Te

The diraect thrust is reduced by abeut 7% per degrec deflection.

The longer tube lengths inelinc tho rosultant line of thrust by
about 5° mecre thrn the tube anglo,

The cptimum tube length for puximum side thrust is found tc lie
well within the ronge studied ond averngos about 2,7 x the
thront dianctcr,

The varicus ferees measured vary almost lineorly with air
resorvoir pressure,



AL AT

%

PAGE 6 .

Hithortc, experiments in tals ficld have buen of an nd hoe nnturc.
However, the experiments reportcd herc arc intended tc censtitutc o
gystematic survey of o scetion of the subjeet and were thus plunned
and the results cnalysed according to sound statistionl principles.(Ref.s)_
The chaervaticns of eoch test carried cut arc stated and the full
analysis of all the indeocndant vorinbles are given, 4s o result, the
precision and relinbility cof the deto found has been aseertained, The
infermotien is presented in the forn of cquations {and grophs ond dato
derived from thesc) vhich are uscful for design purpcses cs*well as
in the feorm of cﬂmparative cffocts of voriobles useful for rescarch,

A considerable intrlolty of the rosulis 4n the wniverse eonsidered
has been revealed and thus the thﬂr'ugh dcsign and annlysis have becen
well Justified,
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INTRODUCTION

As o result of diffioultics oxperienced in the doveloprent cof
high angle launch aireroft nnd rocket propulsion in general, this
laborntory has undertoken to investigote tho forecs invelved ond the
affcets produced when superscnic gos Jets are duflected in varicus

Wnys,

Little dotoa are available on this t-<pic ond so apparatus and
exparimental methcds have been doveloped which will allow meny
differcnt methods of Jet deflecticn to be studied, The tubular
extension mothcd of defleetion, vhioh is the subjeot of this report,

developed from n pnir of pnddle vanes,

Borly investigntions (Rof.4) convinced the oxporimenters that
poddle vancs shculd be curved tc fellow the jet contour and this
opinien lod to the consideration of the limiting case wherc the curved
vones meat tc form an cavelope nrcund the Jet, cut of which arose
this presont investigotion, This dovelopment is discussed in Port I
cf this sorics (Ref.1).

apoart from its procticcl utility, this method lends itself
admirably tc pilot experiments which may be directed towards the
davelopment of o suitable form cf experimentation,
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THE AZPARAVTUS

DESCRITTION -

This is iliustrated dicgromotically in Pig.1 and in moze detail in
Fig.2.

i reservoir of 8 ft.0 copocity cculd be filled with olenn ond fairly
dry air compressed up tc 4120 ntmospheres pressure (1,760 lbs./ins.2) and
this ropidly dischorged vie a nonr-frictionloss right-ongled pivot and o
direct reactim bolonce, through o %" modol nozzle. Deflection of the- Jet
tends to rotate the system abcut the pivot but cucl motion is resistoed
hydroulicnlly the pressurc thus being proportiomel to the lateral foree,
Direot rcooticn cnd control moment are olso meosured hydraulionlly, and
these pressures, together -dth thc air reservoir pressure, recorded -

phot ograpnim 11y,
‘The Pivot Bearing.

This is i1llustrated in Fig.3. A stout hollow spindle was mounted near
its ends and thereby rigidly secured to o solid base plats, The outer
diometer of the spindlc wos hardened snd lop finished to form n beoring
surface with 5 robust cylinder, This aylinder hod an smulor ohomber
mochined from its intorior which comnects through radisl holes with the
hollow intorior of the spindle. A tapped hole from the exterior of the
cylinder communicated with tho onnulor chomber and served as o mounting
for the foot of the direct rosctionm bolonoo, Bssenticl dimensions and
construotionnl dctails ean be scen in the figu.re

The assembly thus comstitutes o froc pivotting olbow Joint. The
components werc designed so that thoy may not distort under a high interiar
pressure load ond the bearing surfoccs, os woll as having o very smsll
friction torque, wore finishcd so that alr lockage wes negligible,
Potroloum Jelly was found %o be the most suitable lubricont.

The Direct Reoction Bolence,

This is described in morc dctnil by Coulter (Ref.2) and illustrated
in Fig.! and Fig.2.

, A stout mctol cylinder 'a' is rigidly mounted vertically (in the pivot
bearing cylinder) cnd contoins o welle-fitting piston 'b' having upper and
lower guides, This piston is drilled axially to form a flow chunnel and the
upper (hollow) gulde rod corrics the nozzle, The lower onnulor chember 'of
in the cylinder is oil filled ond supports the weight of the pistom ond
nozzle, This oil chomber is filled through a simplc barrel tap ond slso
communicotces with o Bourdon tube pressure gaugc. The upper guide rod is
suttadbly drillcd so thot air in the flow chonnel moy freely pass into the
upper annulax chamber in the cylinder 'd*, Air pressurce cquul to that in
the reservoir thus ncts downwsrds on the upper surfaco of the piston. The
arca of this piston is so designed that this pressure force compensatcs for
the upword force set up by air pressurc octing agoinst the umder side of
the guide rod and nozzle shoulder,

In order thet the air under prcssure moy not leak into the oil
ohamher, long leckage paths orce cnployed and blood holes, 'e' open to the
atmosphere.

Costor oil was found to be o suitoble lubricant and hydrsulic medium,

The Hydroulic.Systems.

Thoss which wore used to record ccntrol moment and latercl thrust
are jllustrated by Pig.l.

Metal bellows enveloped a well fitting p:l.ston and oylinder poir
{Diesel fuel injection pump inscrts) which acted os o locating devive.
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The bellows isploted the interior whish ocould thus be cntirely filled with
oil, A Bourdon tube gouge recorded the interior prcssurc ond the upper
port of the bellows supported the sppropriote lever orm via o ball rooe.
Movement under Posd was considered nogligible,

The Nozzle and Doflecting Assembly,

™he nozzles were mode of brass, importont dimensions are given in
Fig.5 ond flow characteristios are showm in Appondix I, The interlors wure

very well finished and accurately gauged. Thoy wore rigidly attached to the

upper pert of the direct resction balance by o steol body which had provisicn

for holding the deflecting devioce.

‘The deflecting membors werc mounted above tho nozzle in ball roces and
carried a rigid lever nrm to beor ngninst the hydroulic bellows. Suitoble
socales were mounted to indlcate tho position of the deflector accurstely.

Pig.5 illustrates thc design omployed for the two types of tubular
doflectors which were usad. Tho dosign of » swiwwlling extension preaents
mony problems of deteil and a number of slightly different schemes were
considercd, ‘Type 'b' wns chosen as the simplest possible construction and
type 'e' as a simple and obvious modificetion. The study of two types was
intended to dotermine whether such arbitrory footurcs of design had o
marked influence on porformance,

THE TECHNINUE OF EXPFRIMENTATION

The discharge of a volume of air through the nozzle and & record of
the gouge roadings ¢onstitutes what is reforred to os s 'test?,

Preporation for n test involved chorging the reservoir to the required

“pressure (generally 120 ats,), londing and setting the camera, adjusting the

doflecting member to the required position and flushing ond filling the.
direct rcaction balence oil annmulus, Zero reodings of the gruges and the
cir roscrvolr temporature vere noted, _ . }

An assistont operator opened the air valve quickly end stesdily and
photographig were taken os required by. operating on clectric push button
controlling the camera. Fhotos wore generplly token at 100 1bs./ins.2
intervels of air reservoir pressurc beginning at 1000 1lbs./ins.2 and cnding
ot LOO 1bs./ins,2 This selection wos at the Judgement of the comera operator,

Readings were token direct from photogrnphic negatives and at the samo
time the deflecticn setting was checked. Plate 6 i1s n sample recording.
The gouges record the hydraulic and air resérveir pressures., The photogroph
shows deflector type 'a' set at € = 100, - '

- 011 gouge resdings were thon plotted against the air pressure :
readings for a tost as o chuck agoinst grogg.errors in recording and readings
of the oil gauges interpolated. to the prossure level required, whenever the
photogreph had not been token at exactly the right sir pregaurc,

Such figures arc regorded aos the fundsmental observaticns (as recorded,
for example, in Table 8), . :

THE_TESTING AND CALIBRATION OF THE APPARATUS
Testing. |

Becouse cf the short acticn time of a test (sbout 10 seconds) and the
steadily changing conditions, it wns considercd a first essentinl to
establish thot the gouges werc adequately responsive and stable. All Bourdon
Tubes wore evacusted and filled with hydraulic oil which effcotively dnmped
any troublesome oscillations, The direct reaotion gouge wos oil-filled and
4splated from the belance by o diaphragm seal. {Sec Fig,7).
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This was mountod closc tc the balance and wos fitted with o bleed sorew
on the balance sidc by menns of which the hydraulic system could be flushed
at ooch filling. In this woy it wns onsured that all air wns removed,

By contrclling the rate at which tho air yolve wos opened, the rote
of inoreasa of air pressurc cculd be varied and in this way it was shown
that the results weroe independont of tho rote of change of reservoir
pressure (over the range acnsidaroed). .

It was furthor ostablished thot dynonic ecquilibrium prevailed during
o test by comparing obscrvations mnde with rising and falling reservoir
prossure, These raovonled scme smoll hysterosis but it was vory similer to
that cbserved during ¢ static cnlibration ond ntiributed to friction at the
bearing surfaces. The dircct rcaction balance proved particularly
troublesome in this respect wuntil costor oil was used as the hydrasulie
modium, The exccllent lubricoting proporties of this oil reduzed the

hysteresis effoct to within tolerable linits.

An oxtensive experimental programme of some 16 tests (known as
Bxperimont I) was conducted to verify that reproduoible results wore
obtoined under n voristy of operating cunditions. As a result of theseo,
it wos establishod thot sultoble precision could be cbtained especiolly
if the operoting conditions were standardised, Under these conditions the
direct reaction (the sccurnte measurement of which hnd proved the most
difficult) was found to hove a stondard devintion of t 3.2 1lbs., force
(20 4/F). This is approximotoly * 1,5% of the average volue recorded.

Calibrotion.

The direct recaction pgaouge ond diophragm seal ossembly wos calibrated
on o dead weight tester and roacticn calculated from the dimensions of
the boelance {Sec Coulter Ref,2).

This lcads to,
Fp = 3.149 (pp = 10.4) lbs, fu-cc

(10.4 lbs./ins.zf is the zcro gauge reading due to the
dead weight of the flonted port of the opporatus)

It should be noted thnt this cxpression ignores the smoll thrust
gencrated by the gns acceleraticn ot the foot of the bolance. The
corraction is only necessary when it is rcquired to celculate absoluts
efficiencios. (Scc Coulter Ref,2),

The O - 1,000 lbs./ins.2 air pressurc gouge was compored with a sub-
stondnrd (recently checked by tie mrkers) and found to rend 14 high. It
wos free of hystercsis and could be convenicently reod to & 3 1bs, ins.2

Control morent and side thrust mecosurcments weore colibratcd by
suspending weights from the appreprinte levers suitobly extended to offord
a convenient mechonical advontage. Colibrotions were corried out with
rising and falling loads, with londing to different moximn and et different
ongular settings of the levers, Hysteresis between rising and folling
looding wos found ond this ottributed to friction ct the vorious beoring
surfoces, However, rcsults were consistont for cither mode of loading and
so it wos decided to occept those for folling load this being the condition
preveiling during o test,

A regression on the decta leads te the following celibration equations,
M, = L2001 p, - .49 * .09 (36 &/F) lbs. ft.
Fg = 525 p, = 5.77 % .80 (32 4/F) 1bs.

{Side thrust, Fg is cssurwd to oct ot the nozzle throat and perpendicularly
to the axls of normnl flow).

e T T
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The extension tube lengths werc as follows,

%, = 5/8" - .008".. Sp, = 5/8"

. Measurements werc made with a micromecter,

The nozgle throot dimenslons were,

t, .5012" aiom,

L]

i

o

These wore determined both by "go" ond "no go" ball gauges and by

8 ,003" in 5" taper mandrel and micrometer,

001369 2 o/s, area,

49957 ddam. = LO01360 £t2 ofs. area.

001"

« 002"

The deflecticn angle wns measured cn a droughtsmon's protractor

mounted on the lever, The angle changed vory slightly under lond and it
was estimoted that the angle could be set to + 0,3° toking all sources of

variaticn intc aceount.
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' THE m&g .

THE DESIGN

It is required to measure the direct thrust, Fp , the side thrust, Pg ,
and the control moment, M, produced under various controlled sorditions,
It is plonned to vory the eir reservoir pressure, p, , the extension tube
length, s and the tube inolinnticn, 6 for the twe nozzle types, t desoribed

in fig.5.

Of the four contrelled worisbles, air rescrvolr pressure is unique
beocouse tho method of experimentation nocessitates observations being mpde
sequentially, Thus, observntions of tho three forces for various
combinations of the othor three independant varisbles were plonned to form
o factorial experiment i.c. o o foctorinl orrongoement of tests each test
containing o sequence of observotions ot voriocus reservoir prossures,

Tho three factors ond their levels are,

~t =~ nozzlo type, 2 levcls,
Type 'o' designated by %,
Type 'b' designoted by 4
s =~ extension longth, 3 lovels,
5/8" oxtension designnted by s,
13" oxtension designoted by sy
1" oxtension designated by so
@ =~ tube inclinntion, 4 levels,
5° designoted by 6
10° designated by O,
15° designated by e,

20° designated by 63

The ronges of s and & were checsen tc inolude oll practical volues,

The cntire oxperiment requires ot least 2 x 3 x 4 = 24 tests and
in cddition 1/3 replicotion wns included moking & programme of (1 + 1/3)
2L = 32 tests, Further, o number of blank tests were included for control
ond the experiment wns confounded into four randamised blocks of 8 tests
eoch,  Thus, 8 repcots ore avniloble for estimntes of error and possibly
10 or mcre high order intcractions, Of these, 3 moy be conf'ounded,

A test wos planned to contoin 7 obscryntions made at 100 lbs,/ins?
intervals cf py frem 1,000 to 400 1bs./ins¢ By regressicn the results
of the 7 foctorial annlyscs can bo correloted with p, snd the degres of
freedom upon which the varicus estimntos are made accordingly inoreased.

The progromme is knowm cs 'Experimont IIY,
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ANALYSIS OF THE DATA

The fundamental obsorvations (as defined cn poge 9 ) of Exporiment II
are recordsd in Toble 8., Tho hydraulic prossures pg » Pg and p, ocorrespond
to the direot thrust, side thrust and control mement.

A seporate analysis is necossary for eoch of theso three stotistics
at each of the secvon prossure lovels meking 3 x 7 = 21 anelyses in asll,.
An oxtension of Yates' tabular method vos omployed and o specimen tsble
is shown in Tablo 9, The cperators of the threo factors nre shown 4in

Mathia 4R
ALY IV

The 1/3 replication wes offected by ropeating the middle level of the
factor S and thereby artificinlly olevating it to o 4 levol factor. The S
cperator shows onc comperison, e which is o mensure of arror based on
ropeats, The inclusion of this 'dunmy' level ond the ommsequont
modification of the operator requires that the moan effects be corrected
before they con be applicd directly to a regression equotiom.

The ocorrected mean offects orc donotoed by supersoript lotters §', ete,
and arc as follows:=

iy
SR RS
(84) =  =(%4)
(32') = 215 (32)

The weriances thus bccome,

v (s;) = V fS1J

v (sé) = L9V (S,)
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EXP Ne I DATE : 9 OCT. 1954
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TABLE 10

CPERATORS FOR FACTORS S, T ond €,

FAGR 16,

(s)
[ . |
2g 8, 8, Sy s/s CHECK
+1 Y +1 +1- 84 L -
o 1 -1. 0 _1.e 2 0.
#1 0 0 -1 3. 2 0
+1 -1 -1’ M Sp 4 0
CHECK ; = :
o3 R -1 B
(T) -
t, t1' s/s CHECK'
. +1 +1 TQ 2 +2
CHRCK: -
0 +2 .
(8) L
% 4 § % | o »/2 CHBK
+1 +1 +1 +1 6o 4 e
-3 - T o +3 €4 . 20 -0
+1 -1 Tt +1 €s 4 -0
-1 +3 -3 +1 6 20 0
CHECK: =
-2 +2 -2 +6
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Note:

RA <7 TS

v -
/<1x

]
(x)
|

Exnmple,
Table 9 shows that,

(84

Henoe, the corrected mean

(&) 1/3 (3 x

7.0

(84 84)

(s;84) 2/3 (=1.9)
and the varipnoes,

v = 02 16
(&4) /9=

0'2/80 3

2 .
v (3251) [+ 3 /360 H

61) = "1.08361

effscts baoome,

17.0 - 1.9) 16.4

&2

-1,2

: Corrected divisor for mean

Corrected divisor for mean

144

80

Corrected divisor Pfor mean = 360

These corrections are listed in Toble 9.

Henceforth, unless otherwise stated, 'moan offect’ will refer to
corrected nffect ond the superscript will be dropped.

THE EFFECT COF CONPOUNDING

TOTAL EFFECT
[oce]
EeT 61]
[s,mﬂ
[eTeg]
[srey]
[22 ¢5]
[ore€3]

[S1T 6-3]

=

o

AMOUNT OF BIAS
8 (=w=xey+2)
8 (~w+x=yts)

- 8 (~Wex~y+z)
L (=wsxey=2)
4 (rexey-z)
16 (~w=x+y+2)

w L («Wex~y+3)

L (~wix-y+z)

the

If blocks of tcsts ore blascd by oonstant smounts w, X, y and & (az
indicated in Toble 8), twenty threo effects will be free of bias and the
eight confounded effsets will be binsed as follows:
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The eight effcots whioh contajn the term '¢' are 'pure' expressions

of error based upen repcats and sinoc threce of those ore confounded, tho
presence of blook blas may bo detootec_l by comporisons amongst these groups,

These tests for confounding showsd control momont ond side thrust
to bo free of blook bins but direct thrust wos found to be seriously
confounded, The rcason for this wos troced to inndequate lubricetion of
the upper port of thc resction bolance and a consoquent deterioration
which only showed iteelf after the initinl tests Exporimoent I,

This was on unexpectod and disoppointing result but a modification is
expeocted to overcome this dofect in any future work,

Since tosts were confoundcd in four bledks, there are only three
independant oonfounded groups (oxcopting tho moon), Hence, five of the
confounded affects moy be 'do=confounded' if the romoining three effects
used as 'koya' moy bo nasumed to be exp-essions of orror and confounding

aoly.

Inspection of thu biansed effects sot out on page 17 shows whot
alternatives are avnilable, oT€4 , oT 8, and 8, 63 were chosen as

'keys' ond lead to the following oxpressions for the 'do-confounded!
affects and their variances,

(S,€4) = (2€4)7 = § (8,€5)7 Vertomce = 02/128
(84T64) = (S4T€4)" + (cTEyq)" Varionoc = o2/40
(31"1' €2) = (H4T€9)" - (cTen)" Vorionce = ©2/8
(eT€3) = (eT€4)” + % (oT€q)”  Variance =752/54
(54T65) = (S4T€35)" - % (cT€()” Vorlance = o2/8

(The superscript = refers to s ccnfounded cffect).

By this process, cnly throc unimportont effects are irretrievably
lost., The logic of these stops calls for furthor cxplanations but these
would be cutslde tho scope of this treatment,

Henceforth, where applicable, only cffects vhich are fres of
confounding, or have been 'do-confounded?', will be campored,

THE SSTTATION OF ERROR

A homogeneity test was first made by comparing the high order
interacticns with the effects of repoats, If these formed a homogeneous
set of variances, the high order interactions were included in the estimote
of error; otherwise, they were rejected and the error varisnce based only
on mwats:

A second test wns mode on the varionces accepted from the first test
to ensure that thesc worc uniform ot oll alr pressure levels,

As o result of these tests, it was found that ninghigh order
interactions could be included in the estimnte of direct thaast vorisnce
giving 15 degreea cf freeden at c¢ach prassure level., The error vorisnce
of centrol noment and side thrust were restricted to cstimotes based on
repeats cnly and this reduced the degrees of freedom to eight at coch oir
pressure level,

AN 1 Ele e =
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PAGE 19.

These variances were used to teat the significonce of the various
effeots ot coch oir pressure level, In ordor to reducc the complexity of
the results, the 0.41% probability lovel wos ndoptod in the cnse of the
control moment and sidc thrust. This morc ofltical lovel was also
considered more sultable for theso ocases where the dogrces of freedom
avnllable for estimctes ¢f error werc rnther limited. The 1% probobility
levol was oonsidered sultavle for the direct thrust,

The significant menn effeocts found at onch preasurg level were
correlated with air pressure by meens of roegrossion equations, thus tresting
air pressure ss n ocmpldtoly indopendant voricble, The residusls from
those regressions werc first shoim to be not significontly difforent from
the vardiences cbtainod as dosoribed obove, Thoso rosidunls were then pocled
with this variance tc obtain for coch stotistic an oversll ostimate of
error based an a large number of dogroos of freedem,

The vorrelated mesn offects arc tabulatod in table 44, The final
pooled varionces are summnrised in table 13,
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(s2)
(€4)
(34 84)
(s2€4)
(e
(34€ 2)
(s2¢3)
(T)
(s471)
(82T)
(54T64)
(8,7 ©5)

(z)

(&)
(©,)

(z)

(s4)
(s5)
(©y)
(81€4)
(8204)
(€32)
(84 €3)
(1)

i

u

]
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TABLE 11

SUMUERY OF CORRBIATED RESULTS

SIDS THRUST GAUGE PRESSURE

«12,1 + .213po - .0000L36p2

L1 o+ O 8_!—‘“

016 - -m7 PO

8.71 + 40517 po = 0000165 p2

1.0

52 - ,00268 p,
2,37 = 00715 pg
2,75 =~ ,00821 po
«09 + L0005 p,
1.9

.57 -~ 0091 Po
1.1

-7

«6

DIRECT THRUST GAUGE PRESSURE x 10
2
8205 + 1.(”7 po - .000165 Po

1&-036 - 00306 po
-300 - 101 po

8td. DEVIATION =

{1244/F)

PAGE 20,

ol

[E ]

.60

i

-+

.28
«20
.27
13
olidi
.60
«13
olidy
.60
«28

i+

1+ 1 1+

I+ t4+ t+ 1+ 14

14

«27
.28

1+

STD, DEVIATION = ¥ 3,78

{119 a/F)

CONTR(E, MCOMENT GAUSE PRESSURE x 10 7
“35.3 + 4299 p, - .0000707 p3  STD, DEVIATION = 1,03

-1+ 0Tk pg
1.21 - ,0188 p,
-3.57 + .036k p,
1.5 + .0029 p,
1.2 = L0072 pg
3.83 - 0124 p,
8.0 - 0173 pg
11,4 - .0282 p,

(1.0 a/F)

*1.69
* 3,78

1-37
.6
PN

+
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(s47)
($;7) =
(Tey) =
(847.64) =
(84T €5) =
(8ol €5) =
(33T e3) =
(s,T €4) =

TASLE 11 CONTINUBD

6.3 - ,0387 pg
1,71 = 00479 po
2.67 - ,00918 p,
1,06 = .0078 p,
~5.82 + ,0213 p,
~1.25 + L00946 po
1.3 + L0066 p,
A1 + ,00189 Py

i+ 4+ 1+

i+t 1+

1+

I+ 4

1237
«65
46
.62

1,57
&5
.62
.29
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PRZSENTATIGN QF RUSULTS

It should e noted thot the figures so for quoted refer to the
hydrculic pressures set up by the control moment, side thrust ond direct
thrust, Thdy may ecasily be convertcd into the desired units by use of
the oalibrotion results given on poge 10.

The mean effects which hove been shovn tc be significont mey readily
be combined to form o polymémial expressing tho -statistic in terms of
8,68, t and pg. This process is deseribed in Appendix II,.

So mony interactions have proved significant in the csse of side
thrust and control moment that thoe resulting expressions ore extremely
cunbersome and hence of little practical utility.

However, the full regression equntion is given for direct thrust (see p26 ).

Because of the unwieldy naturc of the regression equaticns, the *most
probable! values of tho results cre tobulsted (teble 12) and these also
presented in graphical form (Figs. 20-26),

It must be kept in mind thot the complexity of the results and the
consaequent difficulty of prestntoticn is a reflection of the comploxity
of the process investignted, Nc simplification is possible without
equivalent loss of acouracy and it is felt thot this would only cconceal
valid informntion whilst the oceuracy lost would be grenter then that lost
by reading vonlues from the grophs,

Preeision of tho Results,

On page 18 it wna shown how the vorisnce was derived for esch
statistic. These are the varinnces of single observations and expressed
in the original units of hydroulic pressure. The voriances of the 'most
proboble’ results are simply dcrivcd fron these and are listed in table 13,
Thege sre an index gf the @rosislai of the figures quobed and thus a
measure cf the reproducibility of results with the spporatus used,

For design purposes the filduciol limits may be rcquired, These
indicote the 1likely range of on estimted result toking nll experimental -
trends into ococount, This may be calculated from the mgression equation
ond is illustrateéd by dn exomple in Appendix II.-

It 15 seen from table 13 that-for control moment and side thrust,
the experimentnl vorionces are not significantly different from the
celibratién errors given cn pago 19, This foct.gives.an indication of
the high quality of the experimentation.



g

T e

PAGE 23,
TABLE 42
SUMMARY _©F 'MOST PROBABLE' RESULTS

e B o
oI ANLE freeE "v o |

P = 40O, 600, 800, 1000, | 400, ”é?o.c;;"_.aoo, 1000, 1bs/ine?|
5/81 5°| a | 8.0 41,8 16,0 204 ~L‘:.”éﬂsﬂho Caz a3
10/8 1 5° | a [13.6 19.0 25,7 32,2 | .20 L6 .95 1.16
15/8 1 50| a |17.6 25,3 33.5 42,0 | .73 .36 1.87 2.28
5/8| 100 | o | 16,6 27.3 37.0 454 | 0 51 W80 .97
10/8 | 10° | a | 22.7 38,4 52.5 65.7 | 81 1.72 2,53 3.23
15/8 | 10 | o ] 30.6 48.9 66.1 82.1 | 1,37 2,75 3.99 5.16
5/8 1 15¢ | & §23.0 40,3 55.2 67. | .27 .78 1,48 1.46
10/8 | 45° | o | 35.6 60,2 82.2 101.2 [1.24 2,71 3.7% L.81
15/8 | 15° | o {40.6 65.5 87.8 107.5 | 2.25 4,21 6,06 7.8
5/8 1 20° | o | 30,3 55.1 75.7 92.6 | <45 140 2,23 2.%
10/8 | 20° | o 4641 77.3 10,2 127.7 | 2.13 4,03 5,85 7.51
15/8 | 20° | o | 50,6 79.2 104.0 125.0 | 2,47 L.20 5,85 7.3
5/8 1 5° | b [10.5 16.2 22,3 28.6 | -k 1 .27 30
10/8 | 5° | b [16.7 22,6 28,8 35.2 | .48 .86 1,42 1.28
15/8 | 50 | b | 18.0 23,8 30,2 36,7 | .74 1.34 1.88 2,28
5/8 110° | b §19.3 3.9 43.5 53.8 | 2 .66 .99 1,20
10/8 | 10° | b §28.2 43.7 57.9 7.1 |1.12 2,04 2.73  3.51
15/8 | 10° | b §28.3 Uha7 60,0 7he2 | 1403 1,92 2,70 3,36
5/8 1 459 | b §27.2 46,3 63.2 77.2 | <60 1.35 1.99 2.5
10/8 [ 15° | b Lmn 65,7 8748 107.2 | 1.87 3.20 L2 5,52
15/8 | 150 | b | 36.8 59.8 80,2 98.2 | 1.43 1.93 2.63 3,20
5/8 { 20° | b 137.3 63.9 86,k 105.2 | .78 1.60 2.30 2,89
10/8 | 20° | v fL9.4 80,3 107.2 130.7 | 2,02 3,38 4e62 5.75
15/8 | 200 | b [46.5 73.3 96,2 145.2 | 1.87 2.9 3.9 LTS5
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TABLE 12 OONTINUED

SUMMARY OF 'MOST PROBAELE' RESULTS (CONTINUED)

B el i L T Sy PO S R o

!

; DEPTROTION
ANGLE, &

BT S L

P =
u-_‘--' - Y

P e ——————— -

[ rm e a

e - - . - . ———— a -

DIRECT THRUST
Fp 1lbs.

LOO - 600 800 1000 1bs,/ins,2

B T Cmm S e AR vl ok ek Wm s e kit cabE T T - ]

108,0 - 166,0 219.5  270.0
1135  169,0 220.5 268,0
Mbe5 1665 2130  257.5
11145 158,53 201,0 . 239,0

—
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TAELE 4

SUMMARISED _ERROR VARIANCES

i ORSERVED VARTANOE X

ORSER VARTANCR (@ STANDARD
(cf ¢ single obserwation) "Most Prob." | DEVIATION OF
. RESULTS "Most Prob,"
Originnl |Perce ® | Degrees of | - RBSULTS
Units |{Unitas Freedom
STATISTIC
SIDE 5.68 1,57 12, 1,18 ¥ 4.1 1bs.
THRUST i
DIRECT hel12 | 41,0 19 ° 5,12 Z 2,26 1vs,
THRUST
m } 0503 00121& 1&-0 cm93 - 3096 lbsaft
| MoMENT i ,

x This is the finnl pecled vericnce cbtrined as 2iscussed on p. 18.

3 Since P, = 0.525 pg - 5.77,

Vip.) =

= (.,525)2 x 5,68 = 1.57
and similsarly for the cther stetistiocas,

(.525)2 v

(Ps)

b = i — 2y |
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DIRECT THRUST

The very high error varismce cof the direot thrust observotions at
loost makes for o simple ragression equatdion:

Fp = =3.0 + .35pp - .000052p,° + 2756 - 037802

- ,000705 p,® = ,000126 p, 62 1bs.
This expreasicn is plotted in Fig,24, When € = O, the thrust reduces to,
") (pa o) = MO+ BE - .000052 p2  1bs.
Nogleoting the second order torm gives tho follawing lineor rcl.nti:mship,
Fp &= =10.8 + .277 p, lbs.

If this cxpressicn is oorrected for the thrust genernted by acceleratiom -
in tho stond-pipe ot the foct of the reaction 'balanoo, it boamas,

F'p = 10,8 + .2859 p, lba,

This compores very favourably: with thc neon thooreticnl undeflected thrust
for the tt nozzle types. -

Fp, = .2865p, lbs. ot T, = 300% |
This gives o thrust efficicney ot 0° doflection of Y42 8t p, = 700 1bs./.ms..2

The regrossion cquation approximates clesoly to the known bowundary conditiona
.6, vhenp, = Oond 6 = O, .

If the quadretic term in po is admitted to hnve mmmg (1t has been proved
tc be statistically significent), 2n cptirum air pressure moy be deduced
as fcllows:

= o35 = 000104 Py - .000705 8 - 000126 © s 0
9 Po
whence, Po = 3,360 -G,806 ~ 1,2 82 for mox. Fp

Thus; with nc deflcotion (.6 = 0°) the cptimm roservoir pressure is
3,360 1bs./ins.2 and this va gﬂ falls slightly with inoreas ongle of .
defloction to 3,172 1bs,/ins.? ot 6 = 100 ond 2,74k Ibs:/ins,? at
¢ = 200,

Hewever, :!.t must be kept in mind thnt theac figurcs liec well cutsiae the
oxperimentol ronge and hence sheuld be acecptc.d with cautiem. -

The variasncc of Fp 1s much larger thon those of tho othor statistics,
gs can be soon in toble 13, This is not unexpected for rensons given on

ge 18, It must.be cmphe .sed though, thot slthough individusl values
i'or direot thrust have ¢ lcw precision, the regrossion equaticn praosents
+ho truc trends i.c, it givos the true quoantitstive dependonce of thrust
on deflocting angle and reserveir pressure, Better preooision may have
resulted in on additionsl dependance on longth of tube.
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S10F THRUST

The dorived polynemial expressing Fg as o funotion of py , 8, 6 and
t is tcc complicatced tc permit of o rigorous anolytical ocnsg ration of the
possible moxina oxisting. Howevor, somc simplification is possible.

Inspcotion of tho gonorol oxprossion‘or of the grophs in Hgs.20~26
shows that thore is no useful maxignum. 6, In prootice the most likely
prﬂ‘blem wvill be to find the combination of Po, 8 ond t which yleld o

mox, Py £or o given €. .

Since t 1is nct a centinuzus varieble, sopornte onalyses must be _
applicd tc cach type. Fg is lincar in p, ond so there is ne need to transform
the cquotion from its originol units. o -

Por type 'n! with 6 = 200 ,

-—a-—s— - - 32.72 -+ .5102 PO + 35.&-8 8 - 02233 pQSO ’

Inspection of this equoticn shows that sensible values of pg and 3 are
non-ccanccemitont if the derivative is tc oquol zero, Henoe, thero 1is no
useful soluticn to the problem cf finding the optimum pp : 8 combination.

"~ Howaver, if pg is chosen from other conslderaoticns, the optimm tube longth
is rcadily detcrmined ,

These conditions arg found to hold for both types at all angles.
Optimumn volucs of s for varicus cholecs of tho cther varisbles are

tabulatcd below,

Thesc values all lic within the ronge studic’{ and henoce their
rr.lia‘bil,ity con be accumtely asscssed S )

FOR MAXTIUM Fgu

TYFE 'o
6 = o0 20° B
ot e e —_ __-1
Po ,4= 400 1bs./ins.? s = 1,28" | 1,70
Po.= 800 Ibs./tns.2 T | 1,500
Do - = 1000 1bs,/ins.? 1.23" | 1.48"
Po = optimum for 1,47% 1.42"
mox, Fp (see p. 26 )
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CONTROT, MOMENT

This statistic follows a brocdly similor pottorm to thet of side
thrust but the effcet of type and its intersctions axc more predominant
(sco toble 44). 4 similar trestmont to thot of the proceding section mey
be applicd to thc regrossion equation for My but inspection shows that
there is no minimum and thoro appears €0 bo no practical reason for
detormining accurntely conditions lcoding to o maximum, Approximatc values
msy be rondily obtained from the grophs - Pigs.20 - 25,

Considering the praoticsl utility of the informstion, in any application
involving a permanent predetermined jet deflection, an spproximate value for
the maximum foroe likly to oocour is all that would be required, Sinoce Mg
is not linear in 9@ and furthermore has moxims for meny conditions,. any
"automatic oomtrol of Jet deflectimn by a system which responds to direction
siznals by applying 2 given cantrol moment would be useless. It would be
neoessary to em?loy & aystem which responds by setting the tube to e
required angle (the systom discussed by Friedmen, ref,3), Side thrust is
sensibly lineor in € over wide ranges hich simpliffcs the problem and it
is only necessary to know tho power roquiroment to overcome the maximum
control moment. :

THE TMPRACTICABILIY OF ASSESSING EFFICTENCY

It would be useful to cstimete the thrust efficioncy of the nogzle
under various conditions of (cflcctian dut the high error verianne of :
mdivi;i;il direct thrust measurcments mokes usoful estimotes of this guantity
impossible, - oo :

Another useful efficiency ostimate wrould be a comparison of the veotor
sum of side end direct thrust with the dircot thrust of an undeflgcted Jet.
(Sce fig.13.2.). - o

However, the error variasnce of this ratio, dependent as %t is on the
varisnce of dircct thrust, is so great thot a foctorlsl anaslysis: shows all
factors to be non-significent, For cxample, when p, = 1,000 lps./ins.?,
the varisnce of the resultant thrust is 37,6 (scc Appendix IT) and the
overall mean sum of squarcs (of devintions from the mcen) is only 3.9 for
this stotistie, :

This is an unfortunatc canscquence of the foature of the direction
roaction balance mentioncd on pege 18 and it cannot be overcome by any
anglyti.cal teohnique.

THR LINE OF THRUST CF THE DEFLECTED JET

The vector combinstion of diract and concomitent -side thrust enablus
the 1ine of resultsat thrust acticn to be cstimnted, Iot the angle this
mekes to the normal oxis be # (Sec Pig.13.a.). , _

An analysis of the varisncc of £ is made in Appendix IT and thore. it
35 shown thot the coefficicnt of varistion is very small,

Cocfficiont of Varistion,

Fg B 8
Po = 1,000 1bs./sq.in. 1-_59% 2,488 «04:85%
B LOO » - n Lo 25¢ 5.7% «115%

Thus, in spite of tho high verience of Fp , # may bo determined
quite accurately (within tho cxperimental range).
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. This poramoter @ has boen ovoluated from the "most probable” volues of
Fy cnd Fp at po = 1,000, 800, 600 ond 400 ibs./sq.in. at all the experi~

montal lovels, PFrom thuo sots of rosulis o factorial anslysis bn been
darricd out., This loads to ths rogression oquation,

’ ‘B 2,2 = l0°35 Do - Selz =+ 3-8332 - -,0.0
+ 0005890 - 6144820 4 1e548 0
4 32t . 268t
Noto that it is lincar in au torms but S ( t tokes the value O for type

a ond +1 for type b). It 4s sct out in grophical form - Figs. 25-snd 26,

Inspection of this equation shows thot- thore is no optimum po o
However, 98

— = 0
as
hon, : :
5.1 - 1.54-0
8 = - for type o
7.7 = 1540 . o
= ~owere———————e  for typc b
) 7.66 = 1,230
Noto:=- P is negative only for & > ,6.25°
a S5- ) :

and thus moximm # exists only vhen 8 = 6,25°

At 0 = 10°, S = 2,25" for type n
PN L qgem o oy

It may be noted thnt these vnluses are grcater thon those required to produce
moximan side thrust (sce page 27). _

" THE MECHANYSM OF TEFLECTICN

The machanism of deflection by inolincd tubular cxtcnsions appears to .
bc a fairly simple cosc of momentum change. A serics of shadowgraphs
have been studied and these, in conjunction with thc foregoing data, have-
cnnbled 2 qualj.tative dcscriptim of the rmechonism of doflection to.be
fomulat»d.

No new shock wavo pttarns of eny intensity arc sct up by the deflector,
The extension sppears to act as o "momentum guide” ond has a2 "smoothing”
effect upon the Jet. Exponsion in the conlcal divergont portion of the
nozzle incresses the normal momentum but nlso ccuses & small amount of
tengenticl momentum which cayscs tha jot to continuc expending oven if it
has reached stmospheric pressure ot thc exit pleme. Thus, over=-expension
ccours followod by Some recompression (by the ctmosphers) ond the
characteristic shock "X" pottern is sct up. This is o periedic phencmenon
and though highly domped by the turbulent boundery, o socond shoek "X" may
ofton be observed (Fig.14, Flatc 17).

The %ubuler extension (whon not inclincd) prevents over expansion
by tangential momentum ond & morc parallol jet results, The momentum
chsnge offected by the tube sots up o similar shock "X" as befare but now
ploinly originating from ths rogion of applicntion of the necessary force.
If the jot iz not corrsctly expanded, o socond shock "X" will originate
from the oxit plane of the tube. (Fig 15 ond Plato 18).
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The growth of a boundary layor in tho tubo may sassist recompression, It

is notablo thnt the "momentum guidanoe” imparted by a foirly long tube will
sorvu to koep an undor-cxpanded jot perallel for some distonce outsids

tho nozzle before it ovpends completoly.

If the tube is inclincd, the upper port of tho Jot will now be
subjoctcd to much more sovore "momentum guidance” and there will be an
ovon more intonso zonc cof reecomproassion set up by the upper part of the
dofleotor, The lowor part cf the Jet, beecausc of its normal momentum,
will detoch frem the-tube wall end ndd o tha re-oamnragsi m, -

If the tubo 1s fairly long, the socond exponsion will be restrioted
in onc dirgotion by the upper surfoace of the defleoctor ond asymmetrio
exponsion will produce a resultont momentum inclined nt o greater angla
than tho tubc valls. (Pig.16 ond Dlate 19)...

Beyond an optimum tube length, n second recomprossion may cccur.
Exponsion after this may result in c morc symmetrical Jet and hence less
difforence botweon the ongles 6 and @, Thus, this optimum tubc length
corresponds to thot which will preduce mox, @ for o given 6 and, if
officicnoy is 10057, to thet which will produce mox, Fg for tho some €, -
If the tubc is too short to cumpletc the first rocompression, the Jot will
not ba turned through thc full angle ©, ,

. The conical omlargement at tho oxit of nozzlc type 'a' will increase-
the tangontinl component of momentum cnd thus the "duty™ that the tube
must perform, This will tond to incércssc the control moment and, in -
goneral, typc 'a' was found to have the higher control moment and smaller
side thrust (sce groph Fig.23). Type 'b', as expocted, wos found to be
morc gencrolly cfficient,

The formaticon of the Jet in the ﬁczzlo dews not apposr to be hinderecd
in any wey by the tubuloar oxtonsion and so this mcthod of Jot dcﬂection
moy be clossificd as "diversicn" lsce ref.q).
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~

The "most probable" results, as obtained on pages 23 - 2 , ere
prosented grophically (togother with error.ronges) in figs. 20 ~ 26, They
apgly to on oir Jetl ddsoharged from o 3" model nozzle at o Mach No, of cbout
300 : T

1.

Side thrust is fomd to inoronse fodrly regula¥iy with insressing
inclination of the extonsion tube and with resarvoir pressure, but the details
of this varlistion ore rathor ccmplcx,. Tho two- types yield different yosults
in dotoil though thoy behave in o brondly similor monnor, Af higher
- deflection anglos, optimum tubo lengths lead tc moxitim side thrust., The

moximm side thrust produced wns:anbout 508 of the direot thrust ond the
amollest value recorded wog nésr 107, . - , '

The direct thrust appoored to be not sericusly reduced when the jet was
deflected. The high errar vaorionce of this stotistic nokes efficiency . .
assessrients. impossible but depdndence upon tube inclinotion snd reservoir:
pressure hns been estoblished,” . =~ P

Control mement vories folrly rogulorly with angle of Inglinntion and
reserveir pressure though even more camplex in detnil thon sfde thrust, -
Varintion with tube length 4nd type is both complex ‘ond irregulor, The
maximm moment reccrded wns less than 8 lbs, ft, Most of the resilts were
found to be less thon 4 1bs. ft. In rough figures, the work needed to tumn
the mid-sized tube from O = 20° ot 800, 1bs./sq.in, rescrvoir pressure wos - '
1 £t. 1b, S — ’

The difforences due to type were smoller thon those coused by other
factors, The two types requircd particularly different cantrol moment
especdally at the upper limits of the foctors, In genorsl, type "%
produced the greater side thrust ond requircd the smoller control moment,

The inclinntion of the lino of thrust was found tovaryline warly with

tube inclinaticn and air pressure, though the lotter variation was very small,
Typc had little cffect on this but tube length occurr~d as o quadratic effect.
These cre convenient results from the point of view of applicntion. Except
when short tube longths werc used, the resultant line of thrust wes turned
through o greater snglc than the tube inclinntion., Graphs Pigs, 25 - 26 sct
out these results,

Anclysis of the cbservaticns results in optimum tube longths which mey
be & chesen depending upon whether it is roquired to produce moximum side
thrust for o given inclincticn or maximum inclination cf the line of thrust,
%se optimum lengths rcre of the order of three timos the nozzle throot

meter, - :

The optimum tube lengths produce a side thrust of obout 8 times the
average volue produced by » vanc set ot the same angle, The correspending
contrel mement is nbout 3 times that required for a vone. (see ref, 1),

The shorter tube lengths (which may in practice be more desiroble)
produce about 5 times the side thrust of a vone ot the soame angular setting
and require o similar contrel moment. -

Provided thot cther requirements ore met (weight, corrnsion resistonce
etc, ), the tubulnr extension methed prevides n relisble meons of deflecting
superscnic jets which, on the lnboratory scole, nppeors to be much more
efficient thon any other methed sc far reported,
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AFPFENPIX T
CALCULATION CF THE FLO! CHARACTERISTICS OF NOZZLE 'b!

If it is ossumed that oir behoaves as o perfect gos, ¥ = 1,4 and shat
it oxpands odisbotically, the conditions of flow within the nozzle can be
gstimated,

For on idenl nczzle of L' dinm. thront dischnrging sir to atmosphere,
from o reservoir at Ty = 300°K (an averoge value), mass f'low rate,

m = ,00449 po 1bs./sec,
Throot Velocity (scnie), Uy = 1,040 f't./sec.

For nozzle type 'b',

He = 2,81
ug = 2,000 f%./sec.
Thrust, )
m Up -
FD =
g
= -2?9 Po .

H.P. = .5& po »
Design pressure = 400 1bs./ins,®
The datn for nozzle typé 'a! arc similar but it is necessary to

make assumptions about the polnt of detachment befcre they con be
coloulated. '

PAGE 33




- PAGE 34
APPENDIX TI1

3 CALCULATION OF FIDUCIAL LIMEITS

w—g

Suzpose nozzle typs 'a’ hus besn chosen to operate at a reserveir
pressure, p, of 1,000.1lbs./ins, and it is required to detexrmine the
maximum side thrust which moy be obtained at n 20° defleotion angle. On
poga £7 it is shown that the optimun extension length for these conditions
is 1.48", From table i1, the mean effects for py = 4,000 lbs./ins.2 can
be ovalusted and the ragression equation expressing pg in terms of s, 0,
and t may thon bo built up.

Thus, :
Psg = (8) + (81) E; (s) + (52) 52' (s) + (91) E; (e)

+ (89€4) 5.; (9) E.; {s) + cte.

A e e L

where the polynomicls in s, 8 and t are given by,

51' (s) = 1/5 (8s=10) g, (3) = 1/25 £192s% - 4805 + 250)
2
E;(e)=2/5(e - 12.5) 52'(0)=(g_5-e+5)

3 2
g, (0) =10/ ( 5 - G5 + 3340 - 10.5)
g (t) = 2(t-%)

(see Fisher and Yates' 'Statisticnl Tnblcs')

In the example,

Ps = 157.3 + 22,6 x 36 + 6,8 x 1.6 + 26.5 x 3.0
+ 1.0 x .36 x 3.0 + etec,
= 260,76 1bs./ins.2
From the colibration cquaticn of page 10,
Fg = .525 x 260,76 - 5.77 = 331,2 lbs, force
’ The fiducial limits ore given by,
Vipg) = V(z) * .362‘\((51) + 1.62V(32) + cte,

=(1+aﬁ+b§2_+ctc. 2
gdz d51 dsa xsps

03980 x 5.68 = 2a26

thereforo, V(F) = J525% x 2.26 = 622 = .7862,
s
Thus, the stondnrd orror of Fg = 2,788 == ¥ .8

ond the required rosult is Fy = 131.2 * .8 (124 &/f) lbs, foree.
E- - e o ]
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THE VARIANCE OF THE RESULTANT THRUST, FR .

Fp = / 2 + pg ond if Fp ond Fg arc independent quantities,

%

v B v
(F = (F .3

New, from toble 13,
V(FD) o 41,0 oné V(FS) a 1,57

Toking meon volues for Fg and Fp at various pressure levels,

@p, = 1,000 1lbs./sq.in., V() = 37.6
[ FR = 269.5 : 6113. v = 2.28?!.

@ po = 400 1bs./sq.in, iRy = 38.5
* Fp o= 115.4 1 6.2, v = 5.U7

THE VLRIANCE OF THE RESULT:ANT DEFLECTION, g

g = Tan -1 Fg/ Fp ond if Py and Py ore independent quantities,

V(ﬂ) = F‘l; V(Fs) +* # V(FD)

Taking mean volues and tho lnown voriances as before,

@ p, = 1,000 lbs,/sq.in,, V(g) 030068 |

S, % = 17.00 t 00824, v = LOLBSE

0,149%.

u

c g = 4,8 T o176, v
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