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W<-I.Y the bster hecun i::; fm:uSf'<L The i11tf'rna.l laser ill(hwed der.onati011 emd1gnrMion nsf's <-1. 

traditional bell nozzle rear optic to focus the laser energy along the axis of ::;ymmctry of the 

craft, and air is delivered by an axi-symmetric, internal compression inlet. The external 

laser induced df'tnnation configuration focnsf's the Laser euergy in an ext.f'rual anunlar 

ring around the lightcraft centre-body, with air delivered by an external compres::;ion axi­

symmetric (typic<:tlly conical) forcbody. Slight variations exist on both designs, however 

the underlying principles rema.iu r.he same. 

Fignre 2.8: Cnrrentligh\.craH inlet r:oull.gnn1t.ion; iut.ema.llaser iwlnced delonaJion (L:shio 
cl al . . 2004). 

FOOlJsed onorgy causes 
b<oakdoowlol gas 

Incoming hypersonic 
airstream 

~~,, =:n: 
·~Od"""' 
thrusl surface to 

~~=~1-mX=~. generate ptepUision 

' 

Laser 
Beam 

Fig·nre 2.9: Cnrrent lightcraft inlet configuration; exterua.llaser iudnced <Ler.onatiou. 

Research for the internal laser induced detonation collfiguration is cent.red in bot.h 

Germany (Scharring ct al. , 2008) and Japan (Cshio et al. , 2004) , comprising of both 

theoretical and experimemal investigations. Sdmrring e£ al. (2008) have wndllcted Sllh­

:,;onic flight t.e:;ts of parabolic light.craft. engines, in both a.ir brea.thi11g and ablative rocket. 

propulsion modes. The configuration employed in the experiments is shovm in Figure 

18 
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air with minimal flow losses, providing an efficient platform for the expansion of the 

gases. To achieve this, t.he lightcraft design consists of an init.ia.l compression ramp the 

(axi-symmet.ric f()rebody) , inlet. cowl (to direct and further compress the incoming flow), 

an iulet isolator (to contain the expandiug detouation wave and prevent inlet. nus tart) 

a.nd an expansion nonle (which also acts as the focusing optic). The lightcra.ft can then 

essentially be dasscd imo t.hrec sce1.ions; the axi-syuHnCLric forebody, the inlet, inc:ludiug 

the isolator) and t.he expansion nozzle, a typical configuration is ::;hown in Figure 2.1:3. 

Traditional hypersonic design techniques can then be applied w the inlet 1.0 aehieve a 

robust. desig11 for the light.craft project (the ain•s of this research). 

Direction of travel 
~ ............................ .. . 

Incoming air~ 
stream 
----------------~ 

Forebody 

Engine Cowl 

Laser 
Beam 

Parabolic Afterbody 

figure 2. U: Lightcra.ft. configunl.tiou. 

Van Wic (2000) state::> the prima.ry purpose of an inlet for any air breathing propulsion 

system is to "capture ami comtH·css air for processing by the remaiuiug portion of the 

engine". To achieve the best. hypen;onic air breathing engi11e perforrnance, t.he inlet de~;ign 

must provide a high level of efficient compression, with minimal losses. Mauhews el al. 

(2005) smmn<1rise th!-l reqnired propert.i!-l1i of a hyper1ioni<: htl!-lt: 

• Tlte intak!-l should compress t.he flow as efficiently as possible, minimising viscmJ1i 

losses and shock-wave losses 

• lnLake cont.ribution to vehicle drag should be minimised 

• The int.ake should be self st.a1ting at.. the scrarnjet t..ake-over :Vlach numbers and 

be ahlf-l t.o operate over the required range of Mach umnhers, wit.h no siguific:ant 

deterioration in performance 

• lnLakc performance should not.. be signiHcantJ,v reduced b_y operation at. incidence 

22 
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Oblique 
shock 

Separated flow 
a) TWo-dimension~~ I interacllon 

b) Th....Simenaionallnter8ctlon 

R 

Sidewall 

Fi!!;Ul'e 2.:3;): Two aml three-dirnen~ional ~horkwavejboundary layer interaction~ (VanWie 
(2000). n~prodtH:cd front SloiiNy ( I~!HO) ;J.Ild lklt:ry ( 1!)8.))). 

is I hrou.f!;h hrm ~hock local ion (Lc:wi~. 19!1:1). The an.t?;k or t.he l"orc:body how shodmnvc· 

is depend em on t.he aup:le of t.lw 11,enerar.iup: hody of the ('raft., t.IH' ratio of ~rH•dfic he;.tts 

of the working fluid, the <tll!l;l+.> of attaek of the craft and the ::Vlaeh number. A ehan!);+.> 

in any of th~~e variable~ will result iu the change in the angle of the bow ~hock wave 

off the f01d.ll.>t.ly. C<H"Cfll] l.:(llt~i(]cTatiOil of [)ow ~lll.ll:k loeatiOil i,; I"C(]IIil'('l.] fo1· efficiCilt 

vdtid<• dcsigu. If l.he sh.wk /l.uglc i~ such l.lt>tl. dte how ;.hock ts l<outl.<"l filr frout I ht: 

vr.h idr., ex<~<~<'>S i ve <I r11.g w iII ,-,r:cu r. T 1 is t.J, r.rdorr. br: ur.lici al •·•l ];er.p t.J, (' how ;,h(Wk r:kJ<'><' 

l.o l.h(· inkl eowl. If l.hC' how ;,L,-,C'k i~ allowed l.o fall Sitch l.hnl. il imping:C'<'> ,.,n the lill of 

the inlN, exees~ive heat.ing will oec:ur that would be ddrimema.J t.o the strm:r.me. The 

third 5cen;uio. where t.be bow sht)(·k is allowPd to enter r.he engine c:owL would c:reate 

detrimental :;hoek retleetiou~ that will propagate through the engine, impedinp; the thru~t 
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= p− p∞

p p∞

Cp =
p− p∞
1
2
ρ∞V 2∞

= 2sin2θ

R τ



V α x

α

x− z

Cp,cone = 2(nv � ncone)
2 = 2(cosα sin τ + sinα cos τ sinφ)2

L =
1

2
πρV 2R2(sin 2α cos2 τ cosα− (sin2 α + 2 sin2 τ − 3 sin2 α sin2 τ) sinα)

D =
1

2
πρV 2R2(sin 2α cos2 τ sinα + (sin2 α + 2 sin2 τ − 3 sin2 α sin2 τ) cosα)
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4 Inlet design 

4.1 Introduction 

The aim of this research is to produce a hypersonic inlet for a lightcraft vehicle. Four 

hypersonic inlet designs have been produced and evaluated. The best. performing inlet. is 

then to be used and tested in the final light.craft inlet design. This chapter presents the 

lightcraft. inlet design methodologies used in this research and the final inlet. geometries 

that are numerically simulated (see Chapter 5). Three novellightcraJt inlet designs have 

been created, u:~ing stream traced hypersonic inlet design techniques. They are the stream 

traced axi-symmetric inlet geometry: the stream traced axi-symmetric modular geometry 

and the stream traced 'scalloped' modular inlet geometry. Further to these new inlet 

designs, the traditional axi-synnnct.ric: lightcraft inlet configuration based on the Lightcraft 

Technology Demonstrator (LTD) inlet geometry has been applied to the design conditions 

employed in this study to provide a. performance baseline against which the other inlet s 

can he compared. 

Each inlet design serves Lhe purpose of compressing and delivering air t.o Lhe laser 

detonation process as efficiently and effectively as possible. In line \Vith the traditional 

light.craft vehicle, each design consists of three distinct sections; a conical forebody \Vhich 

provides the initial compression, and inlet cowl/ isolator that further compresses the fiow 

and provides a thrust surface for the expanded lw;er induced detonation wave, and t he 

parabolic after body that expands the heated fiow. A representation of each inlet design 

is shown in Figure 4.1. 

Axi-sym metric geometry 

Stream traced axi-symmetric 
modular geometry 

Stream traced 
axi-symmetric geometry 

Figure 4.1: Inlet geometries investigated. 
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Once the inviscid r:;hapc has been calculated a nr:;cous correction ir:; applied to the 

conical forebody and inlet bolat.or geometry t.o allmv for t.he growing bmmdary layer, 

fnrt.her discussed in 4.4.2. After applying the viscous correction, t.he resulting fio,v field 

inherits some How non-uniformiLics. Through careful adjustment of the inlcL geomeLry 

these effects can be controlled satisfactorily. A re-expansion, similar to that described in 

\'fatthews et al. (2005), is <~deled to the inlet. throat. to aid in the starting of the inlet, and 

also to allow a. smoother transition for the conical forellOdy boundary layer as it enters the 

isolaLor. The re-expansion is incorpora1.ed into the light.craft geomeLI)·' by rounding t.he 

sharp angle where t.he conical fore body and inld isolat.or meet into a smooth radius. lL was 

found by providinf!; this re-expansion, the stren?;th of the expansion wave at the ir:;ola.tor 

could be reduced and the ftmv uniformity in the isolator increased. This is at.t.ributed to 

reduced slwck..-·"bonndary layer inten·1.ct.ion at the isolator t.hro<l.t. The optimal geometry of 

1.he re-cxpansion was found through a trial and error approach using numerical simulations 

to measure the flow uniformity through the inlet isolator. The radius of the rc-cxpansion 

\Y<IS increa~;ed until the radius that. result.ed in the most uniform isohnor flow was adlieved. 

Inlet isolator 

Conical forebody 

------Direction of 
travel 

r x Inlet cowlli1p 
z y 

Mesh 

---===~ beam 

Parabolic 
afterbody 

Expansion 
nozzle 

Mor01. 2011 
ANSYS FLUENT 12.1 (3d. dp, dbns imp, S-A) 

Figure 4.4: GAD representation of <l.x.i-s,ymmctric inlet. geometry employed in this Rtudy. 

A CAD drawing has also been produced showing Lhc dimensions of t.he craft. used in 

the simulations, r:;hmvn in F igure 4.5. 
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Figure 11.5: Technical CAD drawing of a.xi-symmct.ric inlet geometry. 

4.4 Stream traced axi-symmetric inlet 

The followiug three inlet 1lesigu r.eehuiqnes are based on the stream t.race1l inlet 1lesigu 

methodology. The inlet. a.nd isolator geomet.ry is f()rnwd by tracing st.reamlines through 

an axi-symmetric geuerating flow field. This process is essentially the same for the three 

inlet. geomet.ricf;, however there a.re 5ome minor cliffcrencef:i that will be highlighted. The 

geueral Lechniq uc is diseussed in t.his section, then t.hc diffcrcill. iulct. designs are discussed 

in tlte sectiom; following. For simplicity the first in let. geornet.ry, the !:it ream traced axi­

symmetric inlcL is designed in 1.wo dimensions, then roLat.ed about the centre line Lo form 

a.n axi-~;ym rnet.ric, t.h ree dirnensio11al geometry. 

4.4.1 Inlet design methodology 

The 1-itrearn tnH:e1l iulet design methodology iH a technique used to 1lesigu hyper1iortic inlet.s 

for integration into high 5pced craft. This technique has been applied to conventionally 

fuelled senunjet. engines (Smart (199~)), 13illig & Kothari {2000) and :Vlattltews (\: Jones 

(200G)): but has been modified in this work to suit the requirement5 of the lightcraft inlet. 

The method preseuted here ·will apply the main principles of t.he design technique to the 

a.xi-5ymmet.ric inlet. design, with t.hese principle~; then cxt.end(~d int.o three dimenf:iions. 

This process allows a progressive introduction of complexity t.o t.he design proeedme. 

The ~;cream t.raced inlet. design methodology process is out.lincd in Figure 1l.G. Spe­

cific desired inlet design conditions in the isolator can be dwscn, and au inlet geometry 

generat.ed to :;uit. Thi:; i:; done by employing an generating flow field t.hat. compre~se1; 

GG 



kg/m3

the incoming flow to the desired properties. Typically when using the f:.tream traced inlet 

design methodology lor a scr:unjr.t. engine, the designer will choose a dcsiwd prr.ssurr. ratio 

wit.hin t.IJC combu:st.or at. a. ccrtai11 i11lct ent.nnu:c .Vlach rnnnber (Smart., 1999). Wit.h the 

lightcraft. design, performance b inherently linked to the density of the air delivered t.o 

the laser dmowuion pn1ecsR. II. i::; tlwrdi'IH~ required to deliver the air l.o the la::;nr induced 

detonation pn.lce!;s at. the required densities in order to achieve the required thrust (see 

Section 3.4), while maintaining- ftight. operability. This implies t.hat the incoming free 

:=;trea.rr1 a.ir is r:o111pn~ssr~d suflic:ienl.ly 1.0 itc!.it~vt~ 1.lu~ dr.Rircd deuRity, wit.ho111. Lhe nt~g<l.l ivc 

consequences of over co1npression. Such effects can iudude inlet un::;tmt or excessive drag. 

Desired 
Inlet Conditions 

Generating 
Flowfield 

Inlet Capture 
Geometry 

Stream Traced 
Inlet Geometry 

Mass flowrate 
· · · · · · · · · · · Pressure rise 

Flow uniformity 

Shock angle 
Flow- compression 

lnviscid streamlines 
Solid boundary 

Viscous Correction 

l·'igure 4.6: Stream tmecd nwthodology. 

Oncr. l.hr. required compression has br.en established, a gr.nerat.ing How lir.ld is created 

that perfonns t.IJC necessary compression of the i11lct Aow. 1-'rorn Section 3.4; dJC required 

dem;it,y at the desi~n condit,ions is found to he fU)Gl At an altitude of ;·~f>km, the 
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- i.e. the initial compression has been taken into com;ideration in the inlet design. Thh:i 

is why the iulet condit.ions are at :Vlach 5.~N, rather than Ma.dt B. The conical shock that 

provides the main compression can be seen meeting at. a. point in the centre of t.he flow 

field, with the resulting parallel flow after. 

Incoming supersonic 
air stream 

53!!..00 
S 1Se+OO 
4 91e..OO 
• 67e+OO 
4Aae.oo 
4 20t.OO 
3 960+00 
372e+OO 
348e+OO 
3 24e+OO 
3 010+00 
2770+00 
2.53e+OO 
2 290+00 
2 OSe+OO 
1.62e-+OO 
1 58e+OO 
I 34e+OO 
1 100+00 
e sao-01 
6 25e.01 

Shock off 
flow field lip 

Generating flow 
field solid 

Oct05. 2010 
ANSYS FLUENT 12 1 (axl, dp, dbns Imp) 

Figure •1. 7: Generating flow field f(Jr lightcraft. inlct.s. 

The inlet geometry is Lhcn created by ehoosing a sLrcam surface to form the solid inlet 

wall. Th~ d~sir!-ld 1-ihap~d can th~n b!-l defin~d P.ith!-lr npst.r~am of t.h~ <~ornpr!-lssion Hhock or 

n.t.. t.hc end of t,hc compression Held. The st.rcamlincs that pn.ss t.hrough t.hc dc11ncd shaped 

a.r~ thf-lH followed or 'traced' downstr!-la.IH t.o the end of t.he compression fiel<l (or back 

towards the leading edge shoek), defining the inlet shape. Figure 4.8 visualises the stream 

tracing technique f(w visnal darific;-ltiou. Ea.eh p<1.rtide pa.ssiug t.hrough t.his isolator profile 

b then traced back through the flow field along its streamline. This is further illustrated 

in fignre 2.18, where t.he final lightcraft geometry is rnatl:'d to tltl:' st.ream t.raced inl!:'t 

developed from t.he stream traced inlet design methodology. Tt. is apparent in t.his image 

that the lighteraft is rotated slightly from the hori:tontal. This is due to the deflected 

flow off the conical f(JI'(~body. This is required to be a.ceounted for in the inlet design, a.nd 

hence \,he fiual inlet. geomNry has beeu rot.ated au angle of:~·- the average value through 

which the chosen free~;trearn ~;trearnline::; are turned by the conical forebody. 
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Generating now field 
leadng edge shockwave 

Path lracing process is started 
when the leading edge shockwave 
is reached 
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stream p;ih of particle 
passing through isdator 
IJOfile 

Isolator profile from 
w!iich inlet geometry 
is created 

Axi-synvnetric generatllg 
flow field 

Figure 4.8: Stream tracing technique. 
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Contours or Macn Numller Oct o~. 2010 
ANSYS FLUENT 12.1 (alCI , Op, Obnslmp) 

~'igure 4.9: Stream traced inlet geometry from generating stream line::;. 

4.4.2 Stream traced inlet design code - streamTracer 

The method o[ st.ream traced inlet design has l.radit.ionally been a laborious task, due t.o 

the complex analytical solutions required or the generating flow 1ield and resulting stream 

traced inlet. geometries. \Vil.h !.he ad vent. or modern comJHlLerR, a number of research 

codes or techniques that. allow the rapid generation of stream traced inlets have been de-

veloped (Smart (1999), Collan & Smart (2010) and Croker (2007)). TheRe are generally 

not. available to the public. A code thai. allows the rapid generation of stream traced inlet 

designs has been created, called RtreamTracer (see Appendix B). The aim or the stream­

Tracer code is l.o provide a simple, yet. powerful, fviat.lab code to design three-dimensional 
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stream traced inlets from three-dimensional ~enerating flow fields. StreamTra.cer allows 

the rapid prototyping and testiug of different. stre;-un traced inlet geometries hy acting 

a.s an 'int.crfaee: between flowfield design a.nd in let. geometry. Figure '1.1 0 is a flow chart 

detailing the proeess involved in generatiug a viscous-corrected stream traced inlet desigu 

using the streamTl·a.ccr code. 

Fluent simulation 

Fluent simulation 

___ ,.. Read in generating flow field User inputed capture area 
velocity field geometry 

Calculate streJmline paths ~ 
~ 

Form inviscid inlet geometry 
from streamline paths 

Apply viscous correction to 
inviscid 30 inlet geometry 

! 
- --- Write corrected geometry to file 

Figure 4.10: sueamTraccr code 1lowcharL. 

In the streamTraeer code, flow field geometry selection is left up to the user - the 

current code b dcf:iigned for qtmf:ii r.wo-dimenf:iional axi-symmet.ric flow fields, however it is 

possible 1.0 cxt.cnd this t.o generic 1.hrec dimensional flow fields. Quasi-two-dimensional axi­

symmetric flow fields form the majority of flow field geometries used in inward turning 

inlet design, and hcnec arc a. suitable choice for the st.rcamTraccr eodc. Strca.mTraccr 

ta.kf-l:-i inpnt. in the f(lrrn of a velocity vect.or fi!-lld fron1 tlte CFD <:O<If-l Fluent.; however any 

CFD code may be used. 

Once t.he flow field has been irnport!-ld iut.o t.he str~arnTi:acer code, t.he user tlt!-ln defineH 

the perimeter shape of t.hc inlet. caplurc arcn. in CarLcsian co-ordinates. The number of 

poiuts d~fining the p!-lrimet.er of tit~ inlet. shap!-l iH left np to tit~ u:-;~r - a lower nurnb!-lr 

will reduce the accuracy of the final shape, but will abo reduce computing time. The 

eo<le theu takes each individual point of the perimeter geomet.ry: all<l uses the veloeity 

ftowficld data. to ~enera.tc Cartesian co-ordinate descriptions of their streamlines. The 

ea.kula.tion of the inlet. geometry in the three-dimensional space is handled by converting 

the Cart.cf:iian co-ordinates int.o a cylindrical co-ordinate 5yst.em. Any point. in t.lw flow 

field can be described by its position along the ftuwfield, , its radial distance from the 

eent.re line, , and it.s rot.ation about. the a.xis, as per Figure 11.11. 
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x

δ∗ = x
0.2145M0.375

Re0.166x

(0.08801M + 0.06385)

M Rex

P = 22000 M = 2.6 ρ = 0.096 kg/m3

μ = 1.53× 10−5 kg/ms



x y

n θ

δ

tan θ =
xi+1 − xi

yj+1 − yj

y

δy =
δ∗
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th~ gen~rating flow fields. It. is 110t possible to simply increas~ th~ a11gle tln·o11gh wl1id1 

the flow i~; turned, as undctiirable mach dish; form in the region where the flow field shock::; 

mceL. This is illustrated in Figure 4.14, where the 7.5SO fiowfidd used in Lhe Linal inlet 

d~sign is compared the original iulet flmv field of compression angle 15 o. 

5.39e+OO 
5.23e+OO 
5.07e+OO 
4.92e+OO 
4.76e+OO 
4.60e+OO 
4.45e+OO 
4.29e+OO 
4.13e+OO 
3.98e+OO 
3.82e+OO 
3.66e+OO 
3.51e+OO 
3.35e+OO 
3.20e+OO 
3.04e+OO 
2.88e+OO 
2.73e+OO 
2.57e+OO 
2.41e+OO 
2.26e+OO 

Contours of Mach Number 

5.42e+OO 
5.15e+OO 
4.88e+OO 
4.61e+OO 
4 .34e+OO 
4.07e+OO 
3.80e+OO 
3.53e+OO 
3.26e+OO 
2.99e+OO 
2.72e+OO 
2.45e+OO 
2.1 8e+OO 
1.91e+OO 
1.64e+OO 
1.37e+OO 
1.10e+OO 
8.30e-01 
5.61e-01 
2.91e-01 
2.11 e-o2 

Contours of Mach Number 

Oblique shock 
with supersonic 
flow downstream 

Feb os. 2011 
ANSYS FLUENT 12.1 (axi, dp, dbns imp) 

Mach disk with 
subsonic flow 
region downstream 

Feb os. 2011 
ANSYS FLUENT 12.1 (axi, dp, dbns imp) 

Figure 4.14: Generating ftmv fields of turning angles 7.:)8° and 1:)
0

, rc~;pcctivcly. 

The growing l\..Jach disk, \vhcre flow is dccclcra.tcd :;ub-tiouically, can be ~;ccn along the 

centre line of Lhe generating fiow fidel. \Vith a large .Vlach disk in Lhc generating fiow 

field, therP is a much gre;-U.t>r possillility that flow distnrh,l.nces cau cause undesirablP iulet 

behaviour, such as inlet unsta.rt. This is due in pa.rt. to a higher portion of the flow being 

decderat.ed to near sonic and sub sonic speeds. There is, therefore, a trade ofT between 

tot;-l.l inlet drag ;-1.nd iulet. flow sh1.bility. As a compressive flmv field is m;Hle shorter, 

cmnpression is increased while viscous drag on t.he internal surface::; is reduced. but t.he 
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Conical forebody 

Mesh 

r x 
z ~ 

Inlet cowl lip 

Incoming laser 
beam 

Parabolic 
afterbody 

Expansion nozzle 

Mar 01 . 2011 
ANSYS FLUENT 12 1 (3d. dp. dbns imp. 5-A) 

Figure 4.16: CAD representation of Stream traced axi-symmetric inlet geometry employed 
in this study. 

A dimensioned CAD dravving displaying the major dimensions of the craft used in t he 

simulations is shown in Figure 4.17. 

0.0156 
0.5496 0.1055 0.3000 

0 ... 
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~ 0 .0127 ~ 

Ill 01504 01000 
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Figure 4.17: Dimensioned CAD clrasving of the Stream traced axi-symmetric inlet geom­
etry. 

4.5 Stream t raced modular axi-symmet ric inlet 

The third inlet design technique to be investigated in this study is that of stream traced 

modular axi-syrnrnetric inlet s. This inlet design t echnique again e1nploys the st ream 

t raced inlet design methodology, however the inlet is comprised of a finite number of three 
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dimensional modular inlets arranged axia.lly around the conical centre body. The modular 

inlets benefit from tangentia 1 sidewall compression as well as the radial compression of t.he 

extenu·).l snrhc~. l\Iodular inlet design is more complicated tlu·).n the previous two inlet 

design mct.hodologies, however Lhe additional bend1L of three dimensional compression 

has been shown to improve their performance at off design conditions (SmarL 1999). 

The shape of t.he isolator curve is fixed due to the stream tracing process, and 1s 

ideutical to that of the axi-synunetric stream traced design. The difference between the 

1.wo designs is the Humber of modules being employed iu t.he design - t.he straight. axi­

symmct.ric case has one module. The configuration invcstigat.ed in this research consist.s 

of six C\'cnly spaced module!:> arran?;cd annually around the lightcraft centre-body. SL"'{ 

modules were chosen as t.his is a good compromise between ftmv perfonnance at off design 

conditions awl ~ffici~ncy loss~s dne t.o t.h~ addition of inl~t. strnts behv~eu the modnles. 

Each module spans a capture area of 58 o, with the remaining area making up the sLruL 

member that holds the module in place. The major dimensions of the craft arc shown in 

Figure -1.19. 

Conical forebody 

Inlet cowl lip 

Mesh 

Incoming laser 
beam 

Parabolic 
afterbody 

Expansion nozzle 

Mar 01. 2011 
ANSYS FLUENT 12,1 (3d, dp, dbns imp, S-A) 

Figure .. 1.18: CAD repn.'5entation of Stream traced axi-symmetric inlet geometry employed 
iu t.hiR st.udy. 

79 



0 .0156 
0.5496 0.1055 0.3000 

0 .... 
N 0 

~ 0.0127 ~ 

Il l 01504 01000 

All DIMENSIONS IN m 

Figure 4.19: Technical CAD drawing of Stream traced modular axi-symmetric inlet ge­
ometry. 

4.6 Stream traced modular scalloped inlet 

The fourth and final inlet geometry produced again employs the stream traced inlet de­

sign methodology outlined in Section 4.4.1, however the stream line traeing is performed 

in three dimensions. The extension of the methodolog_y to a three dimensional tracing 

technique creates a 'scalloped' inlet arrangement, where the inlet forms the geometry of 

both the conical forebody and the isolator. In this design, there is no distinction from 

the initial forebody compression and the secondary c.owl compression. The capture area 

geometry uses the axi-symmetric nature of the lightcraft to create a modular arrange-

ment: as shown in Figure 4.20. The finallightcraft gemuetry is formed by arranging the 

individual modulr~s around the lightcraft centre body. 

A wedge configuration is employed in the capture area shape, as this results in a 

circular profile similar to a traditional missile configuration. The technique is the same 

as that employed by Billig (1995) and lVIatthews & Jones (2006). Six modules have been 

chosen in this design, resulting in a vvcdge angle of 08 o. Due to the three dimensional 

tracing method employed in this configuration, the conical forebody is formed from the 

lower edge of the inlet module. The ftow field is therefore required to be adjusted to 

maintain the same internal geometry of the lightcn1ft. This is important for the housing of 

ancillary equipment and payload. A generating fiow field lip angle of 14.04 o was employed 

to keep consistent with the other lightcraft inlet designs. The problems associated with 
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th~ over cornpressio11 were not prese11t in t.his flow fi~ld, d11~ to th~ ~nt.n-).nce \Tach nmnber 

being that of the free ::;trcarn conditions - :\fach 8. The modified flow field geometry i::; 

shown in Figure 4.21. The llnal inlet geometry can be seen in Figure 4.22 . .:'\.dimensioned 

CAD drawing has also h~en pro(htced to show the major dirneusions of the craft, sho>vu 

in Figure ·-1.23. 

Module capture 
area 

Solid, inviscid 
geometry 

Generating 
How field 
lip shock 

Figure 4.20: Three dimensional streamline t.racing of scalloped inlet module 
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Figure 4.2"1: Modified f',"enerating flow field geomet.ry used in stream t.ra.ced modular seal­
loped inlet geometry. 
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Figure 4.22: CAD representation of St.ream traced modular scalloped inlet geometry 
employed in this study. 
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Figure 4.23: Dimensioned CAD drawing of Stream traced modular scalloped inlet geom­
etry. 

4. 7 Inlet performance parameters 

As discussed in Section :3, the purpose of the inlet is t.o compn•ss and deliver air to tlJC 

lasPr supported pulsed dt'tonation procPss at snitablP cou<litions over a range of fiight 

tondi t.ious. Tn meauiugJully compare a range of dilferPnl. inlet. coufignra.Lious, sui I <l.ble 

performance analysis paramders need to be established. A good inlet design will nu1x.imise 

the compression and uniformity of the incoming airflow, while minimising the s:vstcm 

losses. These p<1rameters will <1ll be evaluctt.ed at t.he exit of the isolator, as this is where 

the laser energy ' leposit.ion occurs. T he flow strndnre in this region is critical to the 
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8.00e+OO 
7.69e+OO 
7.46e+OO 
7.23e+OO 
7.00e+OO 
6.77e+OO 
6.53e+OO 
6.30e+OO 
6.07e+OO 
5.84e+OO 
5.61e+OO 
5.38e+OO 
5.15e+OO 
4.92e+OO 
4.66e+OO 
4.45e+OO 
4.22e+OO 
3.99e+OO 
3.76e+OO 
3.53e+OO 
3.30e+OO 
3.06e+OO 
2.83e+OO 
2.60e+OO 
2.37e+OO 
2.14e+OO 
1.91e+OO 
1.66e+OO 
1.44e+OO 
1.21e+OO 
9.82e-{)1 
7.51e-01 
5.19e-{)1 
2.88e-{)1 

C ontou rs of Mach Number 

8.00e+OO 
7.66e+OO 
7.44e+OO 
7.20e+OO 
G.OOc+OO 
6.72e+OO 
6.49e+OO 
6.25e+OO 
6.01e+OO 
5.77e+OO 
5.53e+OO 
5.29e+OO 
5.05e+OO 
4.81e+OO 
4.57e+OO 
4.33e+OO 
4.09e+OO 
3.85e+OO 
3.61e+OO 
3.38e+OO 
3.14e+OO 
2.90e+OO 
2.66e+OO 
2.42e+OO 
2.18e+OO 
1.94e+OO 
1.70e+OO 
1.46e+OO 
1.22e+OO 
9.83e-{)1 
7.44e-{)1 
s.04e-01 
2.65e-{)1 
2.60e-{)2 

C ontou rs of Mach Number 

8.00e+OO 
7.66e+OO 
7.44e+OO 
7.21e+OO 
6.97e+OO 
6.73e+OO 
6.49e+OO 
6.25e+OO 
6.01e+OO 
5.77e+OO 
5.53e+OO 
5.30e+OO 
5.00e+OO 
4.82e+OO 
4.58e+OO 
4.34e+OO 
4.10e+OO 
3.86e+OO 
3.63e+OO 
3.39e+OO 
3.15e+OO 
2.91e+OO 
2.67e+OO 
2.43e+OO 
2.19e+OO 
1.96e+OO 
1.72e+OO 
1.48e+OO 
1.24e+OO 
1.00e+OO 
7.63e-{)1 
5.24e-{)1 
2.86e-{)1 
4.73e-{)2 

C ontou rs of Mach Number 

y 

z- x 

y 

z- x 

y 

z- x 

Feb 10 . 20 11 
ANSYS FLUENT 12.1 (3d. dp. dbns Imp. S-A) 

Feb 10. 20 11 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 

Feb 11 . 20 11 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 
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5 .89e-02 
5.66e-02 
5.48e-02 
5 .31e-02 
5 .13e-02 
4.96e-02 
4.78e-02 
4 .61e-02 
4.43e-02 
4.26e-02 
4.08e-02 
3.91e-02 
3 .73e-02 
3.56e-02 
3 .38e-02 
3 .21e-02 
3 .03e-02 
2 .86e-02 
2 .68e-02 
2 .50e-02 
2.33e-02 
2 .15e-02 
1.98e-02 
1.80e-02 
1.63e-02 
1.45e-02 
1.28e-02 
1.10e-02 
9 .28e-03 
7.53e-03 
5 .78e-03 
4.02e-03 
2.27e-03 
5.20e-04 

Contours of Density {kg/m3) 

6.63e-02 
6.37e-02 
6.17e-02 
5.97e-02 
6.770 02 
5.58e-02 
5.38e-02 
5.18e-02 
4.99e-02 
4.79e-02 
4.59e-02 
4 .39e-02 
4.20e-02 
4.00e-02 
3.80e-02 
3.60e-02 
3.41e-02 
3.21e-02 
3.01e-02 
2 .81e-02 
2 .62e-02 
2 .42e-02 
2.22e-02 
2 .03e-02 
1.83e-o2 
1.63e-02 
1.43e-02 
1.24e-02 
1.04e-02 
8.41e -03 
6.44e-03 
4.46e-03 
2 .49e-03 
5.18e-04 

Contours of Density {kg/m3) 

7.19e-02 
6.91e-02 
6.69e-02 
6.48e-02 
6.26e-02 
6 .0Se-02 
5.83e-02 
5 .62e-02 
5.41e-02 
5.19e-02 
4.98e-02 
4.76e-02 
4.55e-02 
4.34e-02 
4.12e-02 
3.91e-02 
3.69e-02 
3.48e-02 
3.26e-02 
3.05e-02 
2 .84e-02 
2 .62e-02 
2 .41e-02 
2 .19e-02 
1.98e-02 
1.77e-02 
1.55e-02 
1.34e-02 
1.12e-02 
9.o9e-03 
6.94e-03 
4.80e-03 
2.66e-03 
5 .19e-04 

Contours of Density (kg/m3) 

y 

x- z 

y 

~z 

Feb 10. 2011 
ANSYS FLUENT 12.1 (3d. dp. dbns Imp. S-A) 

Feb 10. 2011 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 

Feb 11. 2011 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 
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1.78e+04 
1.71e+04 
1.66e+04 
1.60e+04 
1.55e+04 
1.50e+04 
1.45e+04 
1.3Qe+04 
1.34e+04 
1.29e+04 
1.23e+04 
1.18e+04 
1.13e+04 
1.08e+04 
1.02e+04 
9.70e+03 
9.17e+03 
8.64e+03 
8.12e+03 
7.59e+03 
7.06e+03 
6.53e+03 
6.00e+03 
5.47e+03 
4.95e+03 
4.42e+03 
3.89e+03 
3.36e+03 
2.83e+03 
2.30e+03 
1.78e+03 
1.25e+03 
7.18e+02 
1.90e+02 

Contou rs of static Pressure (pascal) 

2.12e+04 
2.04e+04 
1.97e+04 
1.91e+04 
1.85c+04 
1.79e+04 
1.72e+04 
1.66e+04 
1.60e+04 
1.53e+04 
1.47e+04 
1.41e+04 
1.34e+04 
1.28e+04 
1.22e+04 
1.15e+04 
1.09e+04 
1.03e+04 
9.64e+03 
9.01e+03 
8.37e+03 
7.74e+03 
7.11e+03 
6.48e+03 
5.85e+03 
5.22e+03 
4.58e+03 
3.95e+03 
3.32e+03 
2.69e+03 
2.06e+03 
1.43e+03 
7.94e+02 
1.62e+02 

Contou rs of static Pressure (pascal) 

2.57e+04 
2.47e+04 
2.39e+04 
2.31e+04 
2.24e+04 
2.16e+04 
2.08e+04 
2.01e+04 
1.93e+04 
1.85e+04 
1.78e+04 
1.70e+04 
1.62e+04 
1.5Se+04 
1.47e+04 
1.39e+04 
1.32e+04 
1.24e+04 
1.16e+04 
1.09e+04 
1.01e+04 
9.33e+03 
8.57e+03 
7.60e+03 
7.03e+03 
6.27e+03 
5.50e+03 
4.73e+03 
3.97e+03 
3.20e+03 
2.44e+03 
1.67e+03 
9.04e+02 
1.38e+02 

Contours of static Pressure (pascal) 

y 

y 

Feb 10. 20 11 
ANSYS FLUENT 12.1 (3d. dp. dbns Imp. S-A) 

Feb 10. 2011 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 

Feb 11 . 2011 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 
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5.00e+OO 
4.83e+OO 
4.69e+OO 
4.56e+OO 
4.43e+OO 
4.30e+OO 
4. 17e+OO 
4.04e+OO 
3.91e+OO 
3.78e+OO 
3.65e+OO 
3.52e+OO 
3.39e+OO 
3.26e+OO 
3. 13e+OO 
3.00e+OO 
2.86e+OO 
2.73e+OO 
2.60e+OO 
2.47e+OO 
2.34e+OO 
2.21e+OO 
2.08e+OO 
1.95e+OO 
1.82e+OO 
1.69e+OO 
1.56e+OO 
1.43e+OO 
1.30e+OO 
1.17e+OO 
1.03e+OO 
9.04e-01 
7.73e-01 
6.43e-01 

Contours of Mach Number 

5.00e+OO 
4.83e+OO 
4.70e+OO 
4.57e+OO 
4.44c+OO 
4.30e+OO 
4. 17e+OO 
4.04e+OO 
3.91e+OO 
3.78e+OO 
3.65e+OO 
3.52e+OO 
3.39e+OO 
3.26e+OO 
3. 13e+OO 
3.00e+OO 
2.87e+OO 
2.74e+OO 
2.61e+OO 
2.48e+OO 
2.35e+OO 
2.22e+OO 
2.09e+OO 
1.96e+OO 
1.83e+OO 
1.70e+OO 
1.57e+OO 
1.44e+OO 
1.31e+OO 
1.18e+OO 
1.05e+OO 
9. 16e-01 
7.86e-01 
6.55e-01 

Contours of Mach Number 

5.17e+OO 
4.99e+OO 
4.65e+OO 
4.71e+OO 
4.57e+OO 
4.43e+OO 
4.29e+OO 
4.15e+OO 
4.01e+OO 
3.87e+OO 
3.73e+OO 
3.59e+OO 
3.45e+OO 
3.31e+OO 
3.17e+OO 
3.03e+OO 
2.89e+OO 
2.75e+OO 
2.61e+OO 
2.48e+OO 
2.34e+OO 
2.20e+OO 
2.06e+OO 
1.92e+OO 
1.78e+OO 
1.64e+OO 
1.50e+OO 
1.36e+OO 
1.22e+OO 
1.08e+OO 
9.39e-01 
S.OOe-01 
6.60e-01 
5.21e-01 

Contours of Mach Number 

y 

z- x 

y 

z- x 

y 

z- x 

Feb 16. 20 11 
ANSYS FLUENT 12.1 (3d. dp. dbns Imp. S-A) 

Feb 16. 20 11 
ANSYS FLUENT 12.1 (3d. dp. dbns Imp, S-A) 

Feb 16. 20 11 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 
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4.64e-01 
4.46e~l1 
4 .32e-01 
4.19e-01 
4.05e-01 
3.911-01 
3 .77e-01 
3 .64e.01 
3.50e-01 
3 .36e.01 
3 .22e-01 
3.09e.01 
2 .95e.01 
2.8 1e.01 
2 .67e.01 
2.54e.01 
2.40e-01 
2 .26e-01 
2 .12e-01 
1.99e.01 
1.85e.01 
1.7 1e-01 
1.57e.01 
1.44e.01 
1.30e.01 
1.16e.01 
1.02e.01 
8 .87e-02 
7.49e.02 
6 .12e.02 
4.74e-02 
3 .37e-02 
2 .00e.02 
6 .21e-03 

Contours of De ns ity {kg/m3) 

5 .25e-01 
5.04e-01 
4 .89e.01 
4.73e-01 
4 .5$c 01 
4.42e.01 
4.26e-01 
4.11e.01 
3.95e-01 
3 .80e.01 
3 .64e-01 
3.49e.01 
3 .33e.01 
3.17e.01 
3 .02e.01 
2.86e.01 
2.71e-01 
2 .55e-01 
2.40e-01 
2 .24e.01 
2.09e.01 
1.93e-01 
1.77e.01 
1.62e.01 
1.46e.01 
1.3 1e.01 
1.15e.01 
9 .97e-02 
8.41e.02 
6 .85e.02 
5 .30e-02 
3.74e-02 
2 .19e.02 
6 .30e.03 

Contou rs of De ns ity {kg/m3) 

5 .78e-01 
5.55e-01 
5 .38e.01 
5 .21e-01 
5 .04e.01 
4.8 71-01 
4.69e-01 
4 .52e.01 
4.35e-01 
4.18e.01 
4.01e-01 
3.84e-01 
3 .67e.01 
3.49e.01 
3 .32e.01 
3 .15e.01 
2.98e-01 
2 .81e-01 
2 .64e-01 
2.46e.01 
2.29e.01 
2 .12e-01 
1.95e.01 
1.78e.01 
1.61e-01 
1.43e.01 
1.26e.01 
1.09e-01 
9 .20e.02 
7.49e.02 
5 .77e-02 
4.06e-02 
2.34e.02 
6 .25e-03 

C o ntou rs of De ns ity {kg/m3) 

y 

z- x 

y 

z- x 

y 

z- x 

Fe b 16 . 20 11 
ANSYS FLUENT 12.1 (3d. dp. dbns Imp. S-A) 
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8.00e+OO 
7.71e+OO 
7.42e+OO 
7.12e+OO 
6.83e+OO 
6.54e+OO 
6.25e+OO 
5.95e+OO 
5.60e+OO 
5.37e+OO 
5.08e+OO 
4.79e+OO 
4.49e+OO 
4.20e+OO 
3.91e+OO 
3.62e+OO 
3.33e+OO 
3.03e+OO 
2.74e+OO 
2.45e+OO 
2.16e+OO 
1.86e+OO 
1.57e+OO 
1.28e+OO 
9.88e-Q1 
6.96e-Q1 

Contours of Mach Number 

8 .00e+OO 
7.71e+OO 
7.42e+OO 
7.14e+OO 
6 .85e+OO 
6 .56e+OO 
6 .27e+OO 
5 .98e+OO 
5 .70e+OO 
5.41e+OO 
5 .12e+OO 
4.83e+OO 
4.55e+OO 
4.26e+OO 
3.97e+OO 
3 .68e+OO 
3.39e+OO 
3.11e+OO 
2.82e+OO 
2.53e+OO 
2.24e+OO 
1.95e+OO 
1.67e+OO 
1.38e+OO 
1.09e+OO 
8 .02e-Q1 

8.00e+OO 
7.71e+OO 
7.42e+OO 
7.12e+OO 
6.83e+OO 
6.54e+OO 
6.25e+OO 
5.95e+OO 
5.60e+OO 
5.37e+OO 
5.08e+OO 
4.79e+OO 
4.49e+OO 
4.20e+OO 
3.91e+OO 
3.62e+OO 
3.33e+OO 
3.03e+OO 
2.74e+OO 
2.45e+OO 
2.16e+OO 
1.86e+OO 
1.57e+OO 
1.28e+OO 
9.88e-Q1 
6.95e-Q1 

Contours of Mach Number 

y 

z- x 

y 

z- x 

Feb03, 2011 
ANSYS FLUENT 12.1 (3d. dp. dbns Imp. S-A) 

Feb03, 2011 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 

Feb03, 2011 
ANSYS FLUENT 12.1 (3d. dp. dbns imp. S-A) 



������ ��	
� �
��
��� 
� ������� �
� �� ����� 
� ������ 
� �� �� ���� � � �� ����  �
!"
��� #� ����  $
��
�"�

	�




������ ��	�
 ��
����� �� ��
���� ��� �
 �
��� �� ������ �� �� �� ���� � � �� �����

������ ��	�
 ��
����� �� ��
���� ��� �
 �
��� �� ������ �� �� �� ���� � � �� �����

	��



������ ��	
� �
��
��� 
� ������� �� ��
���
� 
����� �
� ������ 
� ������ 
� � �� �� ��� ���

	��

8 .18e-Q2 
7.86e-Q2 
7 .54e-Q2 
7 .22e-Q2 
6 .90a-Q2 
6 .58e-Q2 
6 .26e-Q2 
5 .94e-Q2 
5 .62e-Q2 
5 .29e-Q2 
4 .97a-Q2 
4.65e-Q2 
4.33e-Q2 
4.01e-Q2 
3.69e-Q2 
3 .37e-Q2 
3.05e-Q2 
2.73e-Q2 
2.41e-Q2 
2.09e-Q2 
1.77e-Q2 
1.45e-Q2 
1.12e-o2 
8 .04e-Q3 
4 .83e-Q3 
1.62e-Q3 

Contours of Density (kg/m3) 

9 .02e-Q2 
8 .67e-Q2 
8 .31e-o2 
7 .96e-Q2 
7.60a-Q2 
7 .25e-Q2 
6 .90e-Q2 
6 .54e-Q2 
6 .19e-Q2 
5 .83e-Q2 
5.48e-Q2 
5 .12e-Q2 
4.77e-Q2 
4.41e-Q2 
4.06e-Q2 

3 .7 1e-Q2 
3.35e-Q2 
3 .00e-Q2 
2.64e-Q2 
2.29e-Q2 
1.93e-Q2 
1.58e-Q2 
1.22e..02 
8 .70e-o3 
5 .16e-Q3 
1.62e-Q3 

Contours of Density (kg/m3) 

9.26e-Q2 
8.90e-Q2 
8.62e-Q2 
8.35e-o2 
8.08e-Q2 
7.80e-Q2 
7.53e-Q2 
7.25e-Q2 
6.98e-Q2 
6.71e-Q2 
6.43e-Q2 
6.16e-Q2 
5.88e-02 
5.61e-Q2 
5.34e-Q2 
5.06e-Q2 
4.79e-Q2 
4.51e-02 
4.24e-Q2 
3.97e-02 
3.69e-02 
3.42e-Q2 
3.14e-02 
2.87e-Q2 
2.60e-02 
2.32e-Q2 
2.05e-02 
1.77e-Q2 
1.50e-02 
1.23e-02 
9.52e-03 
6.78e-03 
4.04e-Q3 
1.30e-Q3 

Contours of Density (kg/m3) 

y 

x- z 

y 

x- z 

y 

x- z 
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5.00e+OO 
4.63e+OO 
4.70e+OO 
4.57e+OO 
4.45e+OO 
4.32e+OO 
4.19e+OO 
4.06e+OO 
3.94e+OO 
3.81e+OO 
3.68e+OO 
3.55e+OO 
3.43e+OO 
3.30e+OO 
3.17e+OO 
3.04e+OO 
2.92e+OO 
2.79e+OO 
2.66e+OO 
2.53e+OO 
2.41e+OO 
2.28e+OO 
2.15e+OO 
2.02e+OO 
1.89e+OO 
1.77e+OO 
1.64e+OO 
1.51e+OO 
1.36e+OO 
1.26e+OO 
1.13e+OO 
1.00e+OO 
8.74e.Q1 
7.46e.Q1 

C ontou rs of Mach Number 

5.01e+OO 
4.84e+OO 
4.71e+OO 
4.58e+OO 
4.45c+OO 
4.32e+OO 
4.19e+OO 
4.07e+OO 
3.94e+OO 
3.81e+OO 
3.68e+OO 
3.55e+OO 
3.42e+OO 
3.29e+OO 
3.16e+OO 
3.03e+OO 
2.91e+OO 
2.78e+OO 
2.65e+OO 
2.52e+OO 
2.39e+OO 
2.26e+OO 
2.13e+OO 
2.00e+OO 
1.87e+OO 
1.75e+OO 
1.62e+OO 
1.49e+OO 
1.36e+OO 
1.23e+OO 
1.10e+OO 
9.72e.01 
8.44e.Q1 
7.15e.Q1 

Contours of Mach Number 

5. 11e+OO 
4.92e+OO 
4.77e+OO 
4.63e+OO 
4.49e+OO 
4.34e+OO 
4.20e+OO 
4.06e+OO 
3.91e+OO 
3.77e+OO 
3.63e+OO 
3.48e+OO 
3.34e+OO 
3.20e+OO 
3.05e+OO 
2.91e+OO 
2.77e+OO 
2.62e+OO 
2.48e+OO 
2.34e+OO 
2.19e+OO 
2.05e+OO 
1.91e+OO 
1.76e+OO 
1.62e+OO 
1.48e+OO 
1.33e+OO 
1.19e+OO 
1.05e+OO 
9.04e.01 
7.60e.Q1 
6.17e.01 
4.74e.Q1 
3.31e.Q1 

Contours of Mach Number 

y 

z- x 

y 

z- x 

y 

z- x 
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7.70e-01 
7.40e-01 
7.17e-01 
6 .94e-01 
6 .72e-01 
6.498-01 
6.26e-01 
6 .04e.01 
5.81e.01 
5 .58e.01 
5.35e.01 
5.13e.01 
4 .90e.01 
4.67e.01 
4 .44e.01 
4.22e.01 
3.99e.01 
3.76e-01 
3.54e.01 
3 .31e.01 
3 .08e.01 
2 .85e.01 
2.63e.01 
2 .40e.01 
2.17e.01 
1.94e.01 
1.72e.01 
1.49e.01 
1.26e.01 
1.04e.01 
8.08e.02 
5 .80e-02 
3.53e.02 
1.26e.02 

C ontours of De ns ity (kg/m3 ) 

7.79e-01 
7.498.01 
7.26e.01 
7 .03e.01 
e.s0c 01 
6 .57..01 
6 .34e.01 
6 .10e.01 
5.87e.01 
5 .64e.01 
5.41e.01 
5.18e.01 
4 .95e.01 
4.72e.01 
4.49e.01 
4.26e.01 
4 .03e.01 
3.80e-01 
3.57e.01 
3 .34e.01 
3 .11e.01 
2 .88e.01 
2.65e.01 
2 .42e-01 
2.19e-01 
1.96e.01 
1 .73e.01 
1.50e.01 
1.27e.01 
1.04e.01 
8 .10e-02 
5 .80e-02 
3.50e-02 
1.20e.02 

C ontours of De ns ity (kg/m3 ) 

8 .37e-01 
8 .04e.01 
7.79e.01 
7 .54e.01 
7.29e.01 
7.05e-01 
6 .80e.01 
6 .55e.01 
6 .31e-01 
6 .06e.01 
5.81e.01 
5.56e.01 
5 .32e.01 
5.07e.01 
4 .82e.01 
4.57e.01 
4.33e-01 
4 .08e-01 
3.83e.01 
3 .58e.01 
3 .34e.01 
3.09e.01 
2.84e.01 
2 .59e-01 
2.35e.01 
2 .10e.01 
1.85e.01 
1.60e.01 
1.36e.01 
1.11e.01 
8 .62e-02 
6 .15e-02 
3 .67e-02 
1.20e.02 

C ontours of De ns ity (kg/m3 ) 

y 

z- x 

y 

z- x 

y 

z- x 
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7.70e-01 
7.40e-01 
7.17e-01 
6 .94e-01 
6 .72e-01 
6.498-01 
6.26e-01 
6 .04e.01 
5.81e.01 
5 .58e.01 
5.35e.01 
5.13e.01 
4 .90e.01 
4.67e.01 
4 .44e.01 
4.22e.01 
3.99e.01 
3.76e-01 
3.54e.01 
3 .31e.01 
3 .08e.01 
2 .85e.01 
2.63e.01 
2 .40e.01 
2.17e.01 
1.94e.01 
1.72e.01 
1.49e.01 
1.26e.01 
1.04e.01 
8.08e.02 
5 .80e-02 
3.53e.02 
1.26e.02 

C ontours of De ns ity (kg/m3 ) 

7.79e-01 
7.498.01 
7.26e.01 
7 .03e.01 
e.s0c 01 
6 .57..01 
6 .34e.01 
6 .10e.01 
5.87e.01 
5 .64e.01 
5.41e.01 
5.18e.01 
4 .95e.01 
4.72e.01 
4.49e.01 
4.26e.01 
4 .03e.01 
3.80e-01 
3.57e.01 
3 .34e.01 
3 .11e.01 
2 .88e.01 
2.65e.01 
2 .42e-01 
2.19e-01 
1.96e.01 
1 .73e.01 
1.50e.01 
1.27e.01 
1.04e.01 
8 .10e-02 
5 .80e-02 
3.50e-02 
1.20e.02 

C ontours of De ns ity (kg/m3 ) 

8 .37e-01 
8 .04e.01 
7.79e.01 
7 .54e.01 
7.29e.01 
7.05e-01 
6 .80e.01 
6 .55e.01 
6 .31e-01 
6 .06e.01 
5.81e.01 
5.56e.01 
5 .32e.01 
5.07e.01 
4 .82e.01 
4.57e.01 
4.33e-01 
4 .08e-01 
3.83e.01 
3 .58e.01 
3 .34e.01 
3.09e.01 
2.84e.01 
2 .59e-01 
2.35e.01 
2 .10e.01 
1.85e.01 
1.60e.01 
1.36e.01 
1.11e.01 
8 .62e-02 
6 .15e-02 
3 .67e-02 
1.20e.02 

C ontours of De ns ity (kg/m3 ) 

y 

x- z 

y 

x- z 

y 

x- z 
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8.00e+OO 
7.69e+OO 
7.45e+OO 
7.21e+OO 
6.9ae+OO 
6.74e+OO 
6.50e+OO 
6.27e+OO 
6.03e+OO 
5.80e+OO 
5.56e+OO 
5.32e+OO 
5.09e+OO 
4.8Se+OO 
4.61e+OO 
4.38e+OO 
4.14e+OO 
3.91e+OO 
3.67e+OO 
3.43e+OO 
3.20e+OO 
2.96e+OO 
2.72e+OO 
2.49e+OO 
2.25e+OO 
2.02e+OO 
1.78e+OO 
1.54e+OO 
1.31e+OO 
1.07e+OO 
8.34e.Q1 
5.98e-01 
3.62e.Q1 
1.26e.Q1 

C ontou rs of Mach Number 

8.00e+OO 
7.69e+OO 
7.45e+OO 
7.21e+OO 
G.98c+OO 
6.74e+OO 
6.50e+OO 
6.27e+OO 
6.03e+OO 
5.79e+OO 
5.56e+OO 
5.32e+OO 
5.08e+OO 
4.8Se+OO 
4.61e+OO 
4.38e+OO 
4.14e+OO 
3.90e+OO 
3.67e+OO 
3.43e+OO 
3.19e+OO 
2.96e+OO 
2.72e+OO 
2.48e+OO 
2.25e+OO 
2.01e+OO 
1.77e+OO 
1.54e+OO 
1.30e+OO 
1.07e+OO 
8.29e.Q1 
5.92e.01 
3.56e.Q1 
1.20e.Q1 

C ontou rs of Mach Number 

8.00e+OO 
7.68e+OO 
7.45e+OO 
7.21e+OO 
6.9ae+OO 
6.74e+OO 
6.50e+OO 
6.27e+OO 
6.03e+OO 
5.79e+OO 
5.56e+OO 
5.32e+OO 
5.08e+OO 
4.8Se+OO 
4.61e+OO 
4.37e+OO 
4.14e+OO 
3.90e+OO 
3.68e+OO 
3.43e+OO 
3.19e+OO 
2.9·5e+OO 
2.72e+OO 
2.48e+OO 
2.24e+OO 
2.01e+OO 
1.77e+OO 
1.53e+OO 
1.30e+OO 
1.06e+OO 
8.23e.Q1 
5.86e-01 
3.49e.Q1 
1.13e.Q1 

C ontou rs of Mach Number 

y 

z- x 

y 

z- x 

y 

z- x 
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1.57e-01 
1.51e-01 
1.46e-01 
1.42e-01 
1.37e-01 
1.32e-01 
1.28e-01 
1.23e.01 
1.18e.01 
1.14e.01 
1.09e.01 
1.04e.01 
9 .97e.02 
9 .50e.02 
9 .03e.02 
8 .56e.02 
8.10e.02 
7.6~e-02 
7 .16e.02 
6.70e.02 
6 .23e.02 
5.76e.02 
5 .30e.02 
4 .83e.02 
4 .36e.02 
3.89e.02 
3 .43e.02 
2.96e.02 
2.49e.02 
2 .03e.02 
1.56e.02 
1.09e-02 
6 .26e.03 
1.59e.03 

Contours of Dens ity (kg/m3) 

1.67e-01 
1.61e.01 
1.56e.01 
1.51e.01 
1.48c 01 
1.41e-01 
1.36e.Q1 
1.31e.01 
1.26e.01 
1.21e.01 
1.16e.Q1 
1.11e.01 
1.06e.01 
1.01e.01 
9 .59e.02 
9 .09e.02 
8.59e.02 
8 .10e-02 
7 .60e.02 
7 .10e.02 
6 .60e.02 
6 .1 1e.02 
5.61e.02 
5.11e.02 
4 .61e-02 
4.12e.02 
3.62e.02 
3 .12e.02 
2 .63e.02 
2 .13e.02 
1.63e.02 
1.13e-02 
6 .36e.03 
1.39e.03 

Contours of Dens ity (kg/m3) 

1.83e-01 
1.75e.01 
1.70e.01 
1.64e.01 
1.59e.01 
1.54e.01 
1.48e.01 
1.43e.01 
1.37e.01 
1.32e.01 
1.26e.Q1 
1.21e.01 
1.15e.01 
1.10e.01 
1.05e.01 
9 .91e.02 
9 .37e.02 
8 .83e-02 
8 .28e.02 
7.74e.02 
7.20e.02 
6 .65e.02 
6 .11e.02 
5.57e.02 
5 .02e.02 
4.48e.02 
3.93e.02 
3 .39e.02 
2 .85e.02 
2 .30e.02 
1.76e.02 
1.22e-02 
6.73e.03 
1.29e.03 

Contours of Dens ity (kg/m3) 

y 

x- z 

y 

x- z 

y 

x- z 
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1.57e-01 
1.31e-01 
1.14e-01 
9.93e~2 
8.65e~2 
7.54e-02 
6.57e-02 
5.72.~2 
4.98e~2 
4.34e~2 
3.78e~2 
3.30e-02 
2.87e.()2 
2.50e-02 
2.18e-02 
1.90e~2 
1.65e~2 
1.44e~2 
1.26e~2 
1.09e~2 
9.53e~3 
8.30e~3 
7.23e~3 
6.30e~3 
5.49e~3 
4.78e~3 
4.17e~3 
3.63e~3 
3.16e.03 
2.76e~3 
2.40e.03 
2.09e~3 
1.82e~3 
1.59e-03 

Contours of Dens ity (kg/m3) 

1 .67e~1 
1 .38e~1 
1.20e~1 
1.04e~1 
8 .08c 02 
7.76e-02 
6.72e~2 
5.82e~2 
5.0~2 
4.37e~2 
3.78e~2 
3.28e~2 
2.84e.02 
2.46e.02 
2. 1 3e~2 
1.84e-02 
1 .60e~2 
1.38e-02 
1 .20e~2 
1.04e-02 
8.98e-03 
7.78e-03 
6.74e-03 
5.84e~3 
5.05e-03 
4.38e-03 
3.79e-03 
3.28e~3 
2.84e-03 
2.46e-03 
2.13e-03 
1.85e-03 
1 .60e~3 
1 .39e~3 

Contours of Dens ity (kg/m3) 

1.83e-01 
1 .50e~1 
1.29e-01 
1 .1 1e~1 
9.59e.()2 
8.27e-02 
7.1 2e~2 
6.14e-02 
5.29e~2 
4.56e-02 
3.93e~2 
3.39e~2 
2.92e.02 
2.52e-02 
2.17e-02 
1.87e-02 
1 .61 e~2 
1.39e-02 
1 .20e~2 
1.03e-02 
8.91e-03 
7.68e-03 
6.62e-03 
5.70e~3 
4.92e-03 
4.24e-03 
3.65e-03 
3.15e-03 
2.71e-03 
2.34e-03 
2.02e-03 
1.74e-03 
1 .50e~3 
1 .29e~3 

Contours of Dens ity (kg/m3) 

y 

y 
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5.5.2 Numerical results at l\1ach 5 conditions 

5.39e+OO 
5.18e+OO 
5.02e+OO 
4.86e+OO 
4.71e+OO 
4.55e+OO 
4.39e+OO 
4.23e+OO 
4.07e+OO 
3.92e+OO 
3.76e+OO 
3.60e+OO 
3.44e+OO 
3.28e+OO 
3.12e+OO 
2.97e+OO 
2.81e+OO 
2.65e+OO 
2.49e+OO 
2.33e+OO 
2.18e+OO 
2.02e+OO 
1.86e+OO 
1.70e+OO 
1.54e+OO 
1.38e+OO 
1.23e+OO 
1.07e+OO 
9.09e.IJ1 
7.51e.IJ1 
5.93e.IJ1 
4.35e.IJ1 
2.76e.IJ1 
1.18e.IJ1 

Contours of Mach Number 

5.44e+OO 
5.23e+OO 
5.07e+OO 
4.91e+OO 
4.75c+OO 
4.59e+OO 
4.43e+OO 
4.27e+OO 
4.11e+OO 
3.95e+OO 
3.60e+OO 
3.64e+OO 
3.48e+OO 
3.32e+OO 
3.16e+OO 
3.00e+OO 
2.84e+OO 
2.68e+OO 
2.52e+OO 
2.36e+OO 
2.20e+OO 
2.04e+OO 
1.88e+OO 
1.72e+OO 
1.56e+OO 
1.40e+OO 
1.24e+OO 
1.08e+OO 
9.24e.IJ1 
7.64e..Q1 
6.05e..Q1 
4.45e-01 
2.86e..Q1 
1.26e..Q1 

Contours of Mach Number 

5.00e+OO 
4.60e+OO 
4.65e+OO 
4.50e+OO 
4.35e+OO 
4.20e+OO 
4.05e+OO 
3.90e+OO 
3.76e+OO 
3.61e+OO 
3.46e+OO 
3.31e+OO 
3.16e+OO 
3.01e+OO 
2.86e+OO 
2.71e+OO 
2.56e+OO 
2.41e+OO 
2.26e+OO 
2.11e+OO 
1.96e+OO 
1.81e+OO 
1.67e+OO 
1.52e+OO 
1.37e+OO 
1.22e+OO 
1.07e+OO 
9.19e-01 
7.69e-01 
6.20e..Q1 
4.71e -01 
3.21e -01 
1.72e-01 
2.26e-02 

Contours of Mach Number 

y 

z- x 

y 

z- x 

I u 
z- x 
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Figure 5_2fi: Contoms of :Vlach 11mnber for angles of attack of 00, ~lo and fio at :tVIach 5_ 
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9.33~1 
8.96~1 
8.68~1 
8.41e~1 
8.13e~1 
7.85~1 
7.58~1 
7.30e~1 
7.02e~1 
6.75e~1 
6.47e~1 
6.19e~1 
5.92e~1 
5.64~1 
5.37~1 
5.09e~1 
4.81 e~1 
4.54e~1 
4.26e~1 
3.98e~1 
3.71 e~1 
3.43e~1 
3.15e~1 
2.88e~1 
2.60e~1 
2.32e~1 
2.05e~1 
1.77e~1 
1.49e.01 
1.22e~1 
9.41 e~2 
6.65e~2 
3.88e~2 
1.12e~2 

C ontours o f Dens ity (kg/m3) 

9.73~1 
9.35~1 
9.06~1 
8.77e~1 
8.48c ·01 
8.19~1 
7.90~1 
7.62e~1 
7.33e~1 
7.04e~1 
6.75e~1 
6.46e~1 
6.17e.01 
5.88~1 
5.59~1 
5.31e~1 
5.02e~1 
4.73e~1 
4.44e~1 
4. 15e~1 
3.86e~1 
3.57e~1 
3.28e~1 
3.00~1 
2.71e~1 
2.42e~1 
2.13e~1 
1 .84e~1 
1.55e.01 
1.26e~1 
9.75e.Q2 
6.86e~2 
3.97e~2 
1.09~2 

Contours of Dens ity (kg/m3) 

1.00e+OO 
9.61~1 
9.31~1 
9.00e~1 
8.70e~1 
8.40~1 
8.10~1 
7.80e~1 
7.50e~1 
7.20e~1 
6.90e~1 
6.60~1 
6.30e.01 
6.00~1 
5.70~1 
5.40e~1 
5.10e~1 
4.80e~1 
4.50e~1 
4.20e~1 
3.90e~1 
3.60e~1 
3.30e~1 
3.00~1 
2.70e~1 
2.40e~1 
2. 10e~1 
1 .80e~1 
1.50e.01 
1.20e~1 
9.01e.Q2 
6.01 e~2 
3.01 e~2 
5.14~5 

Contours of Dens ity (kg/m3) 

y 

x- z 

y 

x- z 

y 

x- z 
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phtsma iH formed instantR.neousl~' and therefore has lit.tle to no effect on t.he surrounding 

ftnid. J3R.sed on the work outlined by Feikema {2000) in Section 2.2, the inir.ial properties 

of the blast wave crear.ed by each laser pulse cycle ean be determined. TheHe values are 

t.hcn pa.tehed int.o <l mgion of C(~Jlf.i in <l CFD l'imulation rnprc1->enr.ing thn initial star.e of 

r.he laser induced det.(mat.ion wave. A two-dimensional axi-symmetric turbulent r.ransient. 

simulat.ion was performed to record the time dependent llow h ist.ory of the delonalion 

wave. 

Pnra.meler 

T n i t.ial d iantct.cr of laser induced plasma 
Pressure 
Velocity 

Tcmpcn1~urc 

Value 

Gmrn 
1,:~64,000Pa 

HU20m/s 
18,000K 

Tnhlc 7.1: Laser induced dct.onnl.ion wave init.ial condilions 

A two-dimcusioual axi-synunctric: turbulent trausiem simulation was performed in the 

computational fluid dymunin; code fluent to record the time dependeut flow history. 

The initial flow field sho\VH in Figure 7.2 was employed w represem the initial eonditious 

present during cruise flight condir.ions at zero degrees angle of attack, Mach mnnber of 8 

and no laser induced detonation. The values listed in Table 7.1 were then patched into a 

cell zone of diameter 0mm representing the cornpler,ely cylindrically evolved hu>er induced 

det.onat.ion wa.ve. 

~" ;, ;,:u ,c.-.f!":t "' IF •r , .. ,; .. ,; .e:.ll lo:'IO. i,. ~.~.:. , 

f'eb·o.~11 
t.NSYS Fl UEII. T 1? ' t~•"i. :lp. r.l:t~:( i1n,:1. fi-A: 

Figure 7.2: La:;,e1· induced dclonalion wave sirnulat.ion init.ial set.up. 

Figure 7.3 shows lhe Lrausieu~ progression of ~he deLotm~ion wave as i~ expands and 

I o I 
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7.2.1 Test specimen geometry 

The gemnetry of t.he test specimen is based on the stream t.ra('ed a.xi-synunetric rnodnlar 

inJct design, as shown in Figure 7.G. This design was dwsen due to its relatively novel 

de~ign awl ease of ma11nh1f:tnre. There are also m;l.ny imere~ti11g flow phenomena present. 

within the isolator due to the module struts. As it is the inlet with the most complicated 

flow ~tructnre, it. is believed to provi(le the most rolmst. veritiea.tio11 of the numeriea.l 

results. 

Six modular stream traced inler.s are spaced a11nually around the eeutre body of the 

lightera.ft.: which deposit the eompn~5sed gm; at t.he source of the laser induced detonation 

wave. This dctonatiou wave is 1.hen expanded across the axi-synunct.ric parabolic aft.cr 

body. Figure 7.6 is an image of the lightcra.ft with the cowl out.er surface rernoved illus­

trating the modular arrangement of the inlct.s. Eaeh module is separated by a strut that 

holds the upper surface of the engine cowl in place. Eaclt individual module spans 58": 

with the remaining 2° being the module strut .. 

Figure 7.5: CAD reprcsenta.t.ion of light.craft configuration 

Figure 7Ji: CAD representation of inlet geomeLry with outer surface of cowl removed 



The geometry u~cd for the test specimen hi required to be altered slightly from the 

final (lesign develope(l in this research. This is done iu order to acconnnodate different. gas 

conditions present. in t.he gun tunnel experiment. and the available test specimen space. 

It was found that by simply scaliug down the final design to fit. in the tunnel dirnensious 

(a scale of 1 :0.11762), problems arose with the inlet. being unable to self-st.art.. 'The conica.l 

forebody was therefore furLher modified to allow for the iuereased boundary layer hcighL 

expect.ed to be present in these gun tu11nel experiments. This addit.iona.l viscous correction 

results in the original inviseid 14.(J:jo half angle of Lhe conical forcbody altered Lo 12.:)'. 

Figure 7. 7 illust.rat.e the t.e:;t speeirnen geometry in a technical drawing forrnat. 

0.0156 
0.5496 0.1055 0.3000 

Ill 01504 01000 

rigmf-l 7.7: Light.craft. p;rlornet.ry section through inlet 

e 
~ 0.0127 ~ 

l!l 

All DIMENSIONS IN m 

lt is desired to locate pressure tram;ducers along the lightcraft body to verify the 

nmHeriea.l simulations. The pressure trausdueers shall be located aloug the cent.re line 

of each individual module on the left hand side of the lightera.ft. (facing towards). Tt. is 

not required to locate pressme seusors ou the two modules on the right hand side due to 

the symmetry of t.he problem. The vehicle ca.n be rota.t.ed if pressure reading~:> are desired 

from 1.he oll'-axis modules. The spaciug iu 1.he longitudinal direction will he de1.crmined 

by t.he transducers and spat.ial ava.ilability. 

7.2.2 Inlet gun tunnel start verification 

A two-dimensional: axi-Hylnm~tric t.nmsient sinmlation with full viscom; effectH was p~r­

formcd Lo simulate the model in Lhc gun LUnncL This was done Lo ensure inleL sclf-sLan 

was possible, a.wl the expect.ed steady stat~ ftow fiel(l wa.s est.ahlished within the limits of 
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Abstract

A model lightcraft inlet with a conical forebody was tested in a hy-
personic wind tunnel facility at Mach 5.8. Pressure measurements and
schlieren flow visualisation were obtained for angles of attack between -6
and +6◦. Results demonstrate separation of the forebody boundary layer
at all angles of attack.

1 Introduction

Lightcraft will need to have inlets which efficiently compress the flow. Vari-
ous approaches to hypersonic inlet design are possible and computational fluid
dynamics (CFD) solutions certainly play an important role. However, physi-
cal simulation of the prototype inlet arrangement is also necessary because of
the large uncertainties in the CFD modelling of turbulent boundary layers in
adverse pressure gradients with strong compressibility and 3 dimensional effects.

A number of lightcraft inlets designs have been describe by Harrland [1].
One of these designs has been tested in the hypersonic wind tunnel facility at
the University of Southern Queensland, TUSQ [2]. This report describes these
experiments.

2 Apparatus

2.1 Model and Instrumentation

The model lightcraft tested in the present work was derived from the work of
Harrland [1]. The arrangement involves a conical forebody with a half angle of
12.28◦ followed by a stream-traced cowl and centrebody for further compression
of the incoming stream as illustrated in Fig. 1. The afterbody is required for
focussing of laser light but does not form part of the current investigation, and
so did not need to be included in the wind tunnel model. Engineering drawings
of the model used for manufacture can be found in Appendix A.

The model as manufactured is pictured in Fig. 2, and an illustration of
the model at the nozzle exit of the hypersonic facility is presented in Fig. 3.
Five piezoresistive pressure transducers (SensorTechnics BSDX2000A2R) were
connected via short pneumatic tubes to the tap locations shown in Fig. 3. For
the work in this report, the nose-down orientation in the tunnel is treated as a
positive angle of attack (AoA) as illustrated in Fig. 3.
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Figure 1: Lightcraft model concept: inner surface of the cowl is shown.

Figure 2: Photographs of the lightcraft model as manufactured. Left: orien-
tation of the model used in the wind tunnel. Right: inverted model position
showing the pressure tap locations.

Figure 3: Illustration of the lightcraft model in TUSQ facility. Five pressure
transducers locations are shown and the axial distances from the tip of the cone
are: 229, 248, 268, 303, and 322mm.
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2.2 Facility and Flow Visualisation

Figure 4 illustrates the wind tunnel used in the present work. The facility, known
as TUSQ, is a light, free piston compression tunnel, similar to the isentropic light
piston tunnels first developed in the UK during the 1970’s [3, 4]. The barrel of
the TUSQ facility is 16m long with an internal diameter of 130mm and for the
current work, the Mach 6 contoured nozzle was used. This nozzle has a physical
exit diameter of 217.5mm. Further details of the facility hardware are provided
elsewhere [2].

The facility is charged with high pressure air in the reservoir, and the barrel
is charged with the test gas to a moderate pressure. A run is initiated by
opening the primary valve which results in the nylon piston (about 350 grams)
being driven down the barrel, compressing the test gas in an approximately
isentropic manner. A representative pressure history measured within in the
barrel (at 130mm upstream of the nozzle entrance) is presented in Fig. 5. The
plateau region on the pressure history which begins at 0 s on the timescale in
Fig. 5 corresponds to the period of flow discharge from the barrel into the test
section which is initiated by the rupture of a diaphragm at the entrance to the
nozzle. The facility operating condition is designed so that the volumetric rate
of discharge of gas from the barrel is matched by the air entering the barrel
from the high pressure air reservoir and this enables the mean pressure of the
nozzle reservoir to remain approximately constant during the run time which
lasts about 200ms.

Schlieren images were obtained during the experimental program. The ar-
rangement of the system is illustrated in Fig. 6. The system consisted of a red
LED light source, collimated by a 120mm diameter lens with a focal length of
1000mm. A similar lens is used to focus the image of the light source onto a
horizontal knife edge. An Olympus I-speed3 operating at 1000 fps was used for
image capture. The maximum field of view on the schlieren images is restricted
to approximately 100mm because of the aperture of the windows on the test
section.

2.3 Operating Conditions

Table 1 gives essential operating conditions for each run of the hypersonic facility
performed for this program. Mean and 2σ variations have been reported in this
table. Initial pressure pi and temperature Ti of the air in the barrel correspond
to the local atmospheric pressure and ambient temperature respectively. The
pressure of the air reservoir used in the program was 3MPa (gauge). Data from
repeated runs for the different angles of attack α are generally available.

The values of the nozzle stagnation pressure p0 reported in Table 1 were de-
termined from the pressures measured in the barrel (e.g., Fig. 5) when averaged
over the first 150ms of the flow duration. The values of the nozzle stagnation
temperature T0 reported in Table 1 have been deduced on the assumption of
isentropic compression of the air test gas from the initial conditions to the re-
ported values of p0. Energy loss through heat transfer from the test gas during
the compression and discharge process is known to occur [5] but recent mea-
surements have shown that the isentropic compression is a good approximation
for the test flow which is first discharged from the barrel.

A survey of nozzle exit pitot pressure was performed for the current operating
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Figure 4: Schematic diagram showing the TUSQ facility arrangement.
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Figure 5: Sample barrel pressure history, result for run 134 shown.

condition. Results indicate that the central 160mm diameter core of the nozzle
is uniform in pitot pressure to within ±2%. At 50ms from the start of the flow,
the Mach number deduced for the central core was 5.84 with a spatial variation
of about ±0.4% and at 150ms after the start of the flow, the corresponding
values were 5.79±0.5%. Flow conditions at the nozzle exit based on stagnation
conditions reported in Table 1 and the pitot survey results are reported in
Table 2.

3 Results

3.1 Visualization

Schlieren images presented in Figs. 7, 8, 9, 10, and 11 where extracted from the
video records at at 100ms from the start of the flow. The scale of the images

Figure 6: Arrangement of the schlieren system.
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Table 1: Facility operating conditions

run number pi (kPa) Ti (K) α (◦) p0 (kPa) T0 (K) comment
132 94.86 294.5 0 926 565
133 94.85 293.6 0 925 563
134 94.86 295.5 0 914 565
135 94.75 295.5 0 913 565
136 94.75 295.5 +3 — — p0 not acquired
137 94.74 — +3 — — no data acquired
138 94.82 287.0 +3 938 552
139 94.87 287.0 −3 937 552
140 94.84 289.7 −3 945 559
141 94.86 289.7 +6 921 555
142 94.88 289.7 +6 939 558
143 94.63 292.6 −6 934 563
144 94.63 292.6 −6 922 561

94.80± 0.18 292± 6 928± 21 560± 10

Table 2: Nozzle exit flow conditions

M∞ p (Pa) T (K) u (m/s) Reu (m−1)
5.84 690 72 990 7.0 ×106

can be derived from the cowl height which is 18.0mm relative to the adjacent
position on the conical forebody.

In the case of the images for the zero degrees angle of attack (α = 0, Fig. 7),
two positions of the model were tested. For run 132 and 133, the test section
window was positioned on the centreline of the nozzle flow with the tip of the
conical forebody positioned in the lower half of the nozzle exit flow. For run
134 and 135, the tip of the model was moved closer to the nozzle centre line and
the flange holding the test section window was rotated through 30◦ to enable
visualisation of a larger fraction of the flow. In the images from run 134 and
135, a weak wave from the Mach 6 nozzle lip is observed to enter the field of
view and impinges on the model down stream of the leading edge of the cowl –
see annotations in the image from run 135 (in Fig. 7).

Oblique compression waves running upwards from the forebody of the model
are visible, Fig. 7. The shock wave from the tip of the model appears as a rela-
tively weak feature embedded within a series of compression waves which orig-
inate from the forebody surface of the model. The appearance of compression
waves at locations beyond, and at steeper angles than the shock cone from the
tip of the model, suggests unresolved unsteadiness in the schlieren images. In
the video record, the shock from the tip of the model appears steady whereas
the additional compression features exhibit unsteady characteristics. The likely
origin of these additional compression waves is boundary layer separation on the
forebody. The exposure time of each video frame is almost 1ms and with a free
stream flow velocity of around 990m/s (Table 2), the free stream convection dis-
tance during the exposure time is almost 1m so unsteady structures associated
with boundary layer features will not be resolved in the current images.
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run 132 run 133

run 134 run 135

conical
shock

nozzle lip
wave

Figure 7: Schlieren images from runs performed at α = 0◦.

Visualisation at α = +3◦, Fig. 8, demonstrates similar features to those
observed in the case of α = 0. However, at α = −3◦, Fig. 9, the point of origin
of the disturbances from the separated boundary layer is within the field of view
– much closer to the cowl tip than in the α = 0 or +3◦ cases. Another significant
feature which differentiates the visualisation at α = −3◦ from other cases is the
downwards traveling shock from the nozzle lip which enters the inlet in the case
of run 139 and appears to impinge close to the cowl tip in the case of run 140.
Compression waves from the nozzle lip increase in strength with time due to
the accumulation of test gas in the test section which increases the pressure in
the test section during the run. Results at α = +6◦ and −6◦ (Figs. 10 and 11)
exhibit similar features to those observed in other cases.

4 Time-resolved pressure measurements

Pressure measurements from the 5 pressure transducers within the model are
presented as a function of time for the 5 angle of attacks are presented in Figs. 12,
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run 136 run 138

Figure 8: Schlieren images from runs performed at α = +3◦.

run 139 run 140

Figure 9: Schlieren images from run performed at α = −3◦.
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run 141 run 142

Figure 10: Schlieren images from runs performed at α = +6◦.

run 143 run 144

Figure 11: Schlieren images from runs performed at α = −6◦.
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13, 14, 15, and 16. The time-resolved pressure measurements suggest that the
flows in general are moderately steady over relatively long time scales – the
response time of the static pressure measurement arrangement is around 10ms.

With the results for α = −3◦, the schlieren images (Fig. 9) indicate that
the shock from the nozzle lip passes into the cowl relatively early during the
nominal test period. The pressure data of Fig. 14, demonstrates that the static
pressures are increasing over the first 100ms of the run time, and that down-
stream transducers detect a rising pressure sooner than those on the forebody.
The nozzle lip shock strengthens with time due to increases in the background
pressure in the test section and this shock is captured within the cowl relatively
soon after flow start. The capture of the shock from the nozzle lip increases
the pressure registered by the transducers in the vicinity of the cowl lip, and
the flow disturbance is sensed on the conical forebody with the boundary layer
separation being driven further forward by the increase in the adverse pressure
gradient. Therefore, static pressures towards the start of the test time are more
representative of the model performance in the absence of facility interaction
disturbances.

The repeated results at α = +6◦ are strikingly different, Fig. 15. In the
case of run 141, the pressures dip prior to climbing and reaching similar values
to run 142 towards the end of the run time. Likewise in the case of α =
−6◦ (Fig. 16), the pressure registered on the two most downstream transducers
appears unsteady in the case of run 143 and yet the wave from the nozzle lip is
not observed to be captured within the cowl during the first 100ms of the flow
duration (Fig. 16).
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Figure 12: Normalized static pressure histories for α = 0◦, runs 132 to 135.

−0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
0

0.005

0.01

0.015

0.02

0.025

0.03

time (s)

p/
p 0

run 138 −− AoA = 3 degrees

1
2
3
4
5

Figure 13: Normalized static pressure histories for α = +3◦, run 138.
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Figure 14: Normalized static pressure histories for α = −3◦, runs 139 & 140.
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Figure 15: Normalized static pressure histories for α = +6◦, runs 141 & 142.
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Figure 16: Normalized static pressure histories for α = −6◦, runs 143 & 144.
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5 Spatial variaton of pressure

Static pressure results in Figs. 12 to 16 have been presented in terms of spatial
distributions in Fig. 17, based on pressure values averaged from 10ms at 30ms
from the start of the hypersonic test flow. A relatively short test flow window
(20ms) near the start of the flow has been specified in an effort to eliminate the
influence of Mach 6 nozzle lip disturbances being captured by the cowl which was
observed to occur later in the test flow in the case of α = −3◦. A compilation
of results is presented in Fig. 18.

6 Conclusions

A model lightcraft inlet has been designed at the University of Adelaide and
tested in the TUSQ hypersonic wind tunnel facility at the University of South-
ern Queensland. Schlieren imaging has been performed and static pressures
have been measured at Mach 5.8 and a unit Reynolds number of 7.0×106 m−1.
The model lightcraft was tested at angles of attack between -6◦ and +6◦. Re-
sults demonstrate that the boundary layer on the forebody is disturbed by the
presence of the cowl – some separation of the forebody boundary layer occurs
at all of the angles of attack tested.
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Figure 17: Normalized static pressure results for the different angles of attack
as a function of axial position along the model. For this figure, results in Fig. 12
to Fig. 16 were averaged over a period from 10ms to 30ms relative to the start
of the run time.
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Appendix A. Ground Test Model Drawings
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