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(i) hee.tx?g helium 

m the chamber. In cithor case, the molocul~ wexght of th2 gae in the 
chamber m%y be varxxl by the additxon of mtrogen; 
tube operates at 

hence, although the 
a fixed diaphragm prossure rztxo P - thus cnablxag a 

StCLd3-d pOce&lrC to be followed - the shook &ch number V+ ~,,s oontrollabl~. 

Yith the above tcchnlqucs, 
coIwt~~t-volLmle+ 

it is possible2 to oporato the 
combustion tJTo 

corroq~ods to 7 = 16 -<then P z 1 
ock tube with !&&.o$ b-b; this 
. If the diaphrw is ruptured e.t 

the instant the &ixturo in the chamber is ignited - the so-called 
'const.Xlt-pressure' process in which the shock pri.xxxre ratlo ps is equo.1 
to tho diaphrqn prossure rati> P - results* are obtained which irxlicate 
thd f& k.CCOTIES VCX+y hT@? OXd ftJ% + @3 Ih this li%Ulnor it 5.6 
feasble to generate, in air, chock Mach immbers V+C 25 Land shook 
stren&hs pe= 703 with pra.ctxcabJ.e pressure ratxos across the diaphragm. 
The thermodyn%nics ti aerodynamics of combustion shock +xbes x~~l.1 be 
aisau3sed 3.n n 1atcr papor. 

Another mothod7y8 lvhereby the shock Nach nu&er V+ my 
bc increased is known as the doublc+liaphragm step-type shock tube and 
IS Ktustratcd 5.k Fig.2, 
dxpbragm D2 

If tho &area raxo $/A is very large or the 
does not shatter under the impact, shock E+ urkicrgoee 

normal rcf'lcotion at diapi-cage D2 an3 loaves the gas there at rest 
at an ~orcased temperatic ati prcssurx. Subsequently when diaphragm 
D2 2s ru&xed, athor mcchtically (A = A) or automatically by the 
impact of shock Sj (i >A), the ensuing flute prcduces a shock S3 
Whox Mach numbor 1s greEtor than that cf shock St, we have notea that 
when the diaptiagm pressure ratio P 
in P dox 

is very loqe, a lergc inaxse 
approaably. 

HoWeVer, 
not alter the attairmhlo shock Mach number V+ 

equation (2.2) shows that V+ is very sensit~vo to chagoa 
ln the speed of stand retlo zcrose the diaphragm &/% when P is 
lwge. 

If 2 = A o.nl the shock S, shatters the diaphr,:n D2 on 
impact, 3 sim~3.c r~zofaction 37avc only will arise. The fuli @in 
ob+aialble from the doublc-dia&r?.gm method ~5.11 not then be realised. 

Experiments e.ro proce&ingl in the Unit&d States of America 
to develq a diaphregmless shock +xbe xhere strong shock ~mvee are 
produced by tne direct discharge of high voltage elcctrxal Worgy 
through tho gas in the ohember. 

2.2 The Production of ver:~ high Mach I'hmbor Flows 

In the above z&ion me have considered the generation of very 
s'nong shock WWLS; but the Nxh number M of the flow behinl a 
shock Cloes not -ease vjithout limit as the shock Mach numbor V+ is 
increased. From simple shock tube thcors, the relevant equationa 
connecting V+ an5 M are:- 

u 

k I --------------~------------------------------------- 
%ho diaphr~go is rupkc& xhofi the combustion of the gases in the 

&xxber is caLr&te. 



3.1 seal Shosk 'R'x Flow 

Fig.3 illustrates those features discussed ?&we of the flovs 
1x1 the Chunnel of 9 hyprsoruc shock tube; the extent of the hygereonic 
flow r<&pon 1s shailcd. Cl~~ly the EXKUXJU dur‘ltion rH of hypersonic 
flov oocvrs at , howver, we assume rp whexe 
T 18 given by 

. . . . . . . (3.1) 

ml/ 
--------------------------------------------------------------.- -------- 

+ The mocki urxlcr 
but we v3su~c 

t,xt wmjd bc pl~ccd at matLOn xii whew xpfi, 

T&T <r . 





wha-c the value of u* is, as y?t, mdctermincd. Sum~me the relation 
(2.3) holds for real ~,mes; that is 

.- 

. . . . . . . . . . (3.6) 

Ll3' )'&I 
Then we my write - c ---- . ...*..... (3.7) 

11 YL-ll 

where Y* is the ?ffectAve Y @I' the roll gas. 1Qther, let 

U-U 
----- z Ic 
u - u* . . . . . . . . . . (3.8) 

vhcre the va?=~tion of k with i' + IS given by 35g.j. Wm, from (3.8) 

. . . . . . . . . . (3.9) 

Equate (3.7) to (3.9), aid ylt 72 = 
approxin&ion only lf V+ > 10 - see scctlcJt‘ 3.1.1 

gu. [A gooa 
Hence w obtain 

6k + I 
y* .z ------ 

6k - 1 
. . . . . . . . . (3.10) 

--- 
y t-1 yJ? 

o*, uhg (3.7) I,$* z ;.I ---- ---- 
d- 

. . . . . . . . . (3.12) 
y*TI y,l* 

The calculated values of flour Moth number %* are comparc?i 
with the exper?mezAal vaiues I$ in Table I, lt is clew- that the values 
are in fair agreexnt. However, two 2&ors, >hxh are not t<akainto 
account in the theoretical ‘analysis, vi11 h,ave a considerable erfect on 
the experiment results. The grov+h of boundary layers on the ~11s of 
the shock tube may be sho& to cause an acceleration of the cofitact 
surf<ace (velocity u) as it progres:,es dov,n the tube; hence one might 
e-eect that the observed.' Mach nmiber wotild be larger than the theoretical 
value. Kxreover, when the shook v:ave 1s very strong, considerable heat 
trander must occur from the intensely l!ot gas behInd the shock to the 
cold walls of the shot!* tube; this affect KA&~ cause a smaller Mach 
nmiber M to be observed t'n>a predicted by theory. It might be expected 
that for snmll V+ the xceler?tio~~ e1f:ct x vf&minant; whilst for 
large V+ the heat tr:ns?er cr~i,e~%~~ is of px~. import~ncc. [Table I 
shops that the variation of IT% LZ cob-xstent :..L!.II tke ,?bove ra~rks.] 

T! ,us/ -------------------------------------------------------------------------- 
* At mnc dmkance l'rom the ii~~~,-~l?~~~~:~ s%ticxb 
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'l'hus, if it mm possible to correct the h$? vxluos for the above 
effects, WC mght fmd go&. agreement bct~wen theory and. oxpermmt. 

3.5 Ca.lculation of Approximate Non-I&al Flow Durntj.on 

by (3.9); 
vie in-i:- now evalu?tL? (3.5) USUIR the value of 8 defined 

this should mvo an 
&ration (see S&xon 3.T). 

Fronl (399) Ii+ = 

i- 1 
(3.5) we 0lYts.a v=- 

L a0 

where k is def~nc.3 by (3.E) 

. . . . . . (3.13) 

an13 is relltti to V+ as shown in Fig.5. 

Czlcul:Ltal flow d.umtaons from equation (13.13) 9.m gaven in 
Fig& and ccnnparcd with VYLUX+ obt,:incd from equxtlons (3.3) rd (3.4). 

4* Conclusions 

The double-dx.phra&m, comtxst~on-tnx shock tube m..y bc used 
to generate shock Mach numbas V&20; subsequently the flow behind 
the shcxk mzy be ewwndcd to field a short duration hypersoruc flow with 
2 St-wnation taxper~turc xpprox3matlng to that of full-scale fl.@t. 

Tho influences of devotions from ti.e~J gas theory, Thich o- 
when stiong shock waves xo genoratcd, carc considera band those ozo 
shwm to reduce apprewably the zvTll,.blc testing txws; this reduction 
is of the order of 5@ for very strong shock condxtxons. 
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Subscripts 

0 mitizl state of gcaz (at rest) or stagnation state 

E experimental value 

I deal gas theory value 

T non-ideal gas theoq wlue 
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5mple hock tube flow . L-x diaqram - 



n-.ag~ 
‘2 

, / / / 
m C&r-d 

rarefaction 
wave 

3 

-t 
time 

The flow in a double -diaphragm step-kype 3hock tube 
t - x diagram . 
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The flow in the channel of a hypersonic .&ock tube: 
t-z diagr- 
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