


any employee or contractor of the Commlrlion, or emplop. of auch eoncrwIor, 
Lo the extent that aurh smployoe or contractor of tho romrnlaulon, or employee of 
iurh contrartor prmparer. dlarOmlMtaa, or provldea acceai  to, any Information 
purawnt to hln employment or contract wlth the Cornmtrnlon, o r  hls employment 
wlth euch rontractor. 
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Introduc.ttar 

Ihrlng thr rctmrting of a ruptrnmrr tunnrl, th+ air fla muat be arraIrr8twj I ~ c m  I 

in the t r r t  art tlon. The ldcal medal d the r~nr t i ry (  provers fnr lnvrrc4d H a  twwl&a CX Iwm&C*r d a 

shciL*k at  t h ~  noir l r  throcrt (a# t h ~  turn-1 rtagriutlon prrraurm !a trcrmnard) m$ the sU&dy tram1 M th* noraw 
rhock down thr nozzle wrons tha mack.1 aiul 1 % .  ttW, dlffmrr, The w S U a l  r tnWiy l  prmwaa 11 rlurPct+rir 

random, vim ow-induiwd flow s e p r a t l a n  i t i  iht, mitlr, rrrutttrq In  thq Unrlaedy p a H a p  & &biqW A&!W 

normal shock  wovcli over tho rnodnl. The u n r t a 6 ,  I ~ h u c n n m l  a& bl*rnl M('L1htlm d MW wmvm rsautt In 
large local flow Inrlinationr at tho model. TWaa flow Iwllnrtim*, ro~pbcl with t b  ~hxl@@ r m r  
thc waves, result i n  t w w n r i w  model lwdr  d u r i q  the stWttry( ~ ~ O P F ~ S ,  A Icimr*whak atmtlwr phmmrn*r* 

occurs during the st~uwing prorer r ,  as the tent awtlon flew hrrrkr down f rm ruprnanlr to nuhmnlt 

Wind-tunnel op.t..htc)i's h a w  b w n  uwam of thlr starting lolrd $henamenon for mrw yrara ,  d ths 
earlier supersonic* tunnt.1 w r e  intermittent, vacuum-indraCt for~illtln*. Stnrc* the magnftwlr d the t&wtlw 
loads is proportional to t h r s  ctartiq dcrnoity, rxceaaivo model luorln wnrr not nwauntrrml In thr tndralh f twlt l -  

ties. 
blowdown supersonic. tunnels' '') the sturting Load problem has been invrrtigrtrrl morn thoroughly bc-rurn I$ 

the damage to internal struin gag" balunre., models, etr. Urtfortunrir,ly. h w w n r ,  the rmultr ab nto*t nC 
these studies a r e  not available in the open Utermture. 

During the last  sever.il v m r s  (with thr plac-ing Ln operation d neveral IUPKV, ulmonph.l*rl~-eshrU*t, 

1 Corowitz indirated that a hangar (mounter1 in tho model aupport rw.tor, lnto whkh fhn mluk.1 In rMrm tatl 

and clamped during periods of transient flow) hnr bean duveloprd for m&rl prntrt'tlan at  L o  T-lmt trlranlr 
tunnel at  North Amcricsn. Srhrelber rcportrd that proxlmtty p l r t r r  fwhkh ire rslrwtnd Lido the tnp @nA 
bottom tes t  Rection walls during ateady flow I,nndltlons) rupport the made1 during Ihr rtarWn(l bRd lltopplw d 
the Hoeing 4-foot supermonic tunnel. These extanrive modal-protwtlon mnarurnn Iiwllcate the rrVnrity c r l  tM 

transient loading problrm for atmospheric-cxhauat rupC.rannk w i d  t u m l r .  

a 

The testing capability of the SundIa I - f o o t  trisonlc, blowdawn tunnat was eXi*n*(ld to M * 3 In Aprlll 18-d0, 

Force tes ts  of axinymmetric madels (Lodie? of rcvoluiion wlth flared &trrba#lsr or larv-rrp*rt ratio ntu) 
4 resulted in modcl or balanre damagta. Available annlytlcal mcthodr ("normnl.rhork"3 an( Wlnte? a& Rrwn 

were not suitable for predicting transient loads on thrae axlnymmutrlr shap(la, rime *ma rn&haxI* ware cls- 

vcloped for winged (Iifting) vehirlrs.  Hsnre, a UmItnd rxprtmsntd LnwrUgatlon to mrn#ur* thr frnnrf*fU 

normal end axial forcrm on elgbt typical modeln warn undertaken. Pour rnntigurattnnr warn b r t r 4  at H w h  
number 2, two a t  Marh number 2.5, and reven at  M8t.h number 3 .  

The purpose of this report l a  to  correlate  the avnilrblu rtartlryl l a d  drtr Iran dhsr ouprnanlr trurrrlr 
with the present reaults and to develop an rmptrical mothad for prrdictlng mmal-fort e rtrc(lng lad* far r 

variety of modri s h a p n .  





therefore, the normal-shock method nfcrrrd to hereafter In thla report l a  *fitted an: 

Wind Tunnel 

A sketrh, showing the general arraqcment af 

EquIpmFrft 

thc Sandhi W i n d  tunnrl, 
The tunnel Is an intermtttent, atmonphrric-exhruat, blowdown t y p  with a 1- by I-tnut prltrrotrtd. 

srction. Dry alr at 300 )MI in ntornrl in  two 2t300-foot9 tanks; hrplt storage nistrrinr (ttn m n )  in thr In&e 

minimize thc tcmpernturc, drop of the air  during Q 2 0 -  to P O - r t * c c m d  vun. Tltr murn flown vary I t t r i c t  rp- 

proximately 30 to I00 pounds per se(.ond. 



The rlr-regulating *y.tam canrlrtr Of L pOriWV4 &Ut& W W d p g E t o  Vdw, I q p d o l * a p . ~  (0.4 rOc6na) 

butterfly valve and a cpntrol valve, The ebctrlcrllj oporeted lata vrlva pwddrr pr-1 
model chenger. The peummtlcally opnratad butterily valva lr ured to atart (urd Strip) 
rontrol valve pre-poaitioned to the control point to mlnimirsa tho ttarting truriient. Thr atem mDfl0fi of the 

double-port control valve fr actuated by a pneumatic, plstrm-typo operator. The Taylor pneuin-+lc, pe8rure- 
control syRtem maintains the sctt?fng chamber presrure to within approxlm~taly one-fourth to one-half per- 
cent of the Rot point duriqj  a run. Thc tunnel Is operated at total prereurer of 15 to  75 pein. 

d w n g  
hnvbal dth  ?!!S 

A rverlos of mreent? in the wide-angle diffuser and settUng chamber prwide a uniform voloclty distribu- 
tion and relntlvely low turbulence level in the settling chamber. 

Intarc,hnngeahle nozzle hlock assemblies (sonic end nomin8l ILI = 1.6, 2.0, 2.5, and 3.0) are used with 
the prforatcd-wall teflt nettion (Figure 2). Test section Mach numbers from 0. S to 1.35 can be generated 
wlth tho wonk noazlr hlockn. The pororlty of the walls is 6 percent, with the holes inclined 60 degrees from 
the no~:nnl.  The top and hottom perforated wall5 can be converged o r  diverged 60 minutes. Four manually 
utljustnhlt~ f*JfwtOr  fhpH (locatcd at tunnel otation 37) provide the pumping action to pull a i r  through the per- 
forrtt~d W d h ;  thlH r!Jrc.tor Plow re-enters In tho diffuser eertlon. The plenum bypass line is used to provide 
iidtlitional plenum pumping for obtaining Mach numbers of 1.1 to 1.35 with the sonic block?. 

Iri@irca 2 .  'I'unnrl 'I'rst and Nozzlr Swtions with Plevmm Door Rctractrd 

I 2  





below centerline In the vart!c.l plane. 

Figure 4. Model Configurations 

TABLE I 

Model Dimensions 

i.ino 1.625 4.178 3.80 0,95 
1.100 1.B22 4.178 3.80 0.95 
1.550 1.550 13.07 8.8 1.90 
1.375 1.444 4.070 2.96 1.49 
1.055 1.650 5.962 5.65 0.88 
1.129 1.125 3.785 3.36 0.99 
1.125 1.125 4.815 4.28 0.99 
o.am 0.868 6.831 7.87 0.59 

2 SL, in. 

0 
0 

4.20 
0.60 

0 
1.29 
0.52 
1.60 

’T, in. 2 ’ ~ 1 %  -- 
4.28 0 
4.63 0 
19.3 0.22 
6.18 0.10 
6.02 0 

5.27 0.10 
7.18 0.22 

5.50 0.23 





Meanuremrntrs of both d o l  ond normal force were made, with the moment g q e s  wired so 

Table E. 
I 

TABLE II 

Wind-off Nitural Freqvenry end Damping of Sting-Rolanoe .Mod 

b Configuration Ralance . -  
la, cycies/soc fnl, cycles/aec fn2, cycles/esc 

1 sc - 3c - 3 1200 89 970 0.038 
2 sr-3C-3 1190 90 880 0.044 
3 sc-3c-5 540 37 700 0.047 
4 sc-3c-3 470 47 710 0.014 

78 94 0 0.020 
68 970 0.019 

5 SC-BC-3 790 
6 SC'-K-3 820 
7 sc-3c-3  570 56 940 0.019 

60 800 -- 8 SC"-3c-9 800 

Instrumentation 

The bn1unc.e straln p u p  outputs were recorded on a direct-writing Visicorder oscillograph (using 3.3-kr 

galvanometers) rouplsd to a 20-kc VI?(' car r ie r  ampWer. This combination provided a flat frequency re- 
sponse up to approximately 1600 cycles per second. 'The Visicorder wa6 operated a t  a rdper a p e d  ol 25 

inches por sec-ond. The nrttIing chamber pressure (transient and steady-state) was measured with a 18o-psin 

Rtrain gage transducer; tha output we8 rerorded on il clelf-bnl&nring 1-second (full-scale response time) s t r ip  

chart rcrordar. Tht. stagnation pressure transient signal lagged behind the oarclllograph tracela; however, 
thla lug did not i l p p r ~ ~ ~ i ~ b l y  uffcst*t the ncrurrtc-y of the meanurements. 

'I'YpIt'a1 normal- and axlaI-forc*i* oscillograph traces of starting and stopping a r e  presented in Figure 7. 

'Tlw avcur:ic*y in tlic mc.isurrmcnt of peak lands is approximately +lo plrcmt. 

1 (i 

~ -___ I -__I- 
I 
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corder and drip chart mcwdors an4 snoq$cfnp the qvkle-apsnli%g 
sure conhrol myitem utdd1. the nrt pol& waa reached, and then (4) a 

the prosmure control qmtom, 

Tho ntr*tlnq times 

and 115 poii  at Mlch nnmllars al 2, 1.11, and 3, res 
411, and 70 psla at thase Mach numbers. The long starting time at  Mach 3 is a tunnel operating l i m i t a t h .  
The tunnel murt be started almly at M = 3 to avoid a stagnation pressure m r s h b o t  which would rupture the 
81-paie blowoff diaphragms (Figure 1). 

M43 - M.25 Configuration "A 

2 
4 
2 -- 

Data H c d i n  

Maximum V E ~ U ~ R  of normal force (both positive and nc-gative) and axial force during starting and stopping 
wfre mrasurrd from the andlograph records, using previously determined calibration constnnt 
state axial loads were meanured at three points on the oscillograph traces. The frequency of os 

normal and axfat forcea were measured from the oscillograph records at the madmum transient load condition 
and during steafty state. The starting and stopplng times were estimated from the Visicorder traces. 

The minimum atagnatlon pressure at which supersonic flow was established w4s determined for each 

tunnel start. These proaswe? were measured from the s t r ip  chart records. using the startin(. times deter- 
mined Prom the osclllqgraph records. Arithmetic averages of these starting pressures (26. 41. and 55 psia a t  
M = 2, 2.5, and 9, respectively) were used to calculate the normal-force coefficients. 
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Figure 11. Effect of Mach Number and Model Shape on Ratio of Starti& to 
Steady-State Normal-Force Iaads 

* 
Thr steady-state data for configurations 1, 2, 4 ,  and 5 were obtained during previous three-comwnent 

torco teats in thie facility. 
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Figure 12. Effect of Mach Number m n d  Mot%I .Yup on R&lo d Staplrlw 
to Steady-State Normd-Porrt I d a  



would a c u W  for the 

Wh8t'O 

and 18 runs (7 configurations) at Mach numbers of 2, 2.5, and 3. re9pectiVely. The A33 

data than the normal-shock method (Equation 3). 

The maximum normal-force starting loads (in coeffident fom) from these tests, dOtqg with data 
five other sources. are compared with the analytical methods in Figure 14. With the exception of the aika dah 

point from Rererence 8. values of C sc computed from Equation 4 appear to be maeonable approadrmtloms of 
thti maximum measured laedo. The agreement between the measured values is fair, CottSiderbg thc &e 

modc.1 shapes, model sizes, and types of tunnels emplayed in obtaining these data, 
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Figure 13. Rangp of Measured Normal-Forre Stnrtlng h d s  (c.a'I%p.rtraR With 
AEDC data and empirical method) 
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I-Ygurr 15. Correlation of Experimental Data with Modified Normal-Shock Method 

* 
The rmpiriral modification (Equation 4) is, in  general, conservative. 
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I+’igure 16. <‘omparison of the Measured Frequency Ratios and Damping Factors 4 t h  
Ratios for a Forred-Vibrationlwith viscous damping) System 
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