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Abstract. In the paper, results of the numerical study ondtuss-flow helium jet injection into a channel lwit
backward facing step (BFS) are presented. The ationk are performed under the conditions of higtiapy
flow, which are similar to those of high speedtitig2D and 3D numerical investigations were perfedmvith
ANSYS FLUENT 14.0. The objectives of the investigatare to study the flow structure in both 2D &idl
approaches and to find optimal conditions for ail helium mixing.
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1 INTRODUCTION

Jets introduced into a crossflow are commonlyaédiin various engineering applications includingction of
gaseous or liquid fuels into a cross air flow irc@mbustion chambers. Study of the problem is exhgm
challenging for CFD tools, since the flow structuiee very complex due to multiple shock waves, large
recirculation zones and high flow non-homogeneitypwever, numerical investigations allow to underdta
different aspects of the problem, namely, the ¢ftdcthe pressure of injected gas on the flow $tme and
parameters behind a backward-facing step; confrohigture parameters in the channel; reduction refspure
losses; etc.

In the paper results of the numerical study onumelinjection into supersonic flow in a channel withckward
facing step (BFS) are presented. The simulatioagparformed under the conditions of high-enthalpw{ which
are similar to those of high speed flighithe objectives of the investigation are to study #D and 3D flow
structure and to find conditions for better air dvedium mixing.

2 METHOD OF COMPUTATIONSAND RESULTS

2D and 3D numerical investigations were performeth vANSYS FLUENT 14.0 [1] with a RANS based
approach closed by &/SST model. Validation of the model and numeridgbathm was provided in terms of
experimental data (Zukoski and Spaid, [2]), préagrhelium jet injected transversally into superiscair flow
(Px0=6.8 kPa, Mo = 2.61) through 0.27 mm width slot in a flat plateMj=1 and static pressurg=251 kPa and
287 kPa. Good agreement between the experimerdalanerical data has been obtained (Fedorova, ¢8Rl.
Next, the numerical investigation for the heliunhijgected into the primary air flow in the planbannel with
BFS was carried out. The problem was solved in BB 3D approaches at &42.8, Ro=0.11 MPa and total
temperature 3=2000 K. At the walls, “Cold wall” temperature cdtoins were applied. Jet parameters1R72,
Mj=1 and total temperatured¥293 K. The jet was injected through a slot of 2 mitth (2D) or from a hole of 2
mm diameter (3D) with its center located 25 mm bethe BFS (Fig.1). For the 3D problem, a sectibB5omm
width containing only one injection hole was congalit
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At the inlet section, the turbulent flow parametatrd/ach 2.8 were set accounting for boundary lgyesence on
the top and bottom walls. On the solid walls, tleestip velocity conditions and temperature @=B00 K were
assigned. In 3D statement, the symmetry conditiwase prescribed on the side walls of the computatio
domain. The outlet sections conditions were of sues-outlet type for the both geometries. The rflaim and jet
parameters are provided in Table 1.
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Figure 1: The 2D computational domains

Table 1: The main flow and jet parameters

Par ameter Channd flow Jet flow
Mach number 2.8 1
Helium mass fraction 0 1
Static pressure, MPa 0.11 1.72
Total temperature, K 2000 293

In the 2D computations, relative dynamical pressirthe jet supply J =pU);/(pU), were equal to 2.35, 3.5 and
5 and the inclination angle of the jets varied fr86 to 90. The influence of the injection angle on the flow
structure is shown in Figure 2 forJ¥2.8. The flowfield in the channel includes theampion zones S1 and S2,
jet shock (JS), reflected shock (RS) and reattadhisigock waves (RW, RW1, RW2). It was demonstrated
besides a substantial increase of jet penetragi@mwth of the jet axis slope results in the chaofée channel
flow parameters and the enhancement of mixings Ihécessary to pay attention to the large separatiea
appearance on the upper channel surface that adndehe channel blockage owing to formation eféltensive
separation area and normal shock wave ahead of BFS.
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Figure 2: Mach contours and streamlines at diffehetium injection angles: lefa=30 and righta =60

3D computations with normal injection were carrgad under flow conditions similar to the 2D ca&ealysis of
the x shear stresses at the bottom wall (Fig. 8jveld that negative values corresponding to the deynlayer
separation are observed in two small regions befodeafter the jet and also in the base regiom #feeBFS. The
shape of the reattachment line in the base regioot straight, and the size of the separatioheaténtral line is
smaller. In contrast to the 2D case, no helium app@é the recirculation zone after the BFS siree jet goes
above the recirculation domain. In Fig. 4, the eipental findings were compared to the results iobth by
numerical schemes of first and second order ofracguwithin the 3D approach. Picture shows thaffiisé order
computations significantly underpredict the basespure minimum and the maximum, associated withiehe
shock reflected from the top wall. For the secordkeocomputations, satisfactory agreement of thmerical and
experimental data on the pressure distributionatdsined.
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Figure 3: Shear stresses at the bottom wall ofrtbéel.
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Figure 4: Experimental and computed pressure digidns along the central line on the bottom wall.

At next step, in order to improve the mixing of ihet and air, oscillating sine-like static pressaonditions
with frequences of about 3.3 and 6.6 kHz were appdit the jet injection position. Jet static presamplitude
Pj was varying by 25 % of the mean value. Steadiessolution was used as initial condition. Figsarsl 6
show a consequence of the helium mass fractiodsfieind the velocity fields, respectively, for diéfat
iterations during the last sine period of the cotapion. The velocity fields clearly reveal the cdeypnature of
the flow. On the lower wall upstream of the jeterdh is a big separation zone causing a shock wanehe
opposite wall, this shock wave gives rise to anosmaller separation zone which in turn result&ishock
wave at the boundary layer reattachment point. phenomenon can be observed several times indifittld.
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Figure 5: Mass fraction of Helium for 6666 Hz 25a%aplitude case at 1500, 1600, 1700 and 1800 ibersti

It is interesting to note, that there is only vditite change in the upstream size of the jet saji@m zone,
whereas the downstream influence of the unsteadypdary conditions can be seen clearly. Meantime ,j¢h
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penetration depth increases with the pressure asorg. Furthermore, the unsteady injection inflesnthe
helium distribution within the flow field in compiaon to the steady state case. Helium is propadaitider
away from the wall outside the boundary layer anthe recirculation area upstream of the step &betixing
occurs, though it should be kept in mind that fhisitive effect on mixing might only be relevant the two
dimensional case.

"

Figure 6: Velocity field for 6666 Hz 25 % amplitudase at 1500, 1600, 1700 and 1800 iterationd,800 m/s.

Future work will include the implementation of pati®g jet pressure conditions to the 3D problem.

3 CONCLUSIONS

e 2D and 3D computational analysis has been perforfoedhe problem of Helium jet injection into the
supersonic (M=2.8) airstream in a channel with sudden expansion;

» A detailed flow structure is obtained and analyfmdthe 2D case. It is shown that the jet injectangle
increase leads to higher jet penetration depthnaimthg improvement between the main and jet flolus,
on the other hand, to greater total pressure lpsses

» The strong influence of the approximation ordettha## computational method is shown. The lower order

approximation schemes underpredict the size of#paration zones and overpredict the base prdsseate
» Results of 3D computations are compared to therempatal data on pressure distributions along #raer
line on the bottom wall. Satisfactory agreemerthefnumerical and experimental data is attained,;

» Significant 3D effects are revealed in the compotest for the case of the round jet hole. The main

difference with the 2D case is the lower intensityhe interaction of the primary (air) and secaydiows
due to the primary flow spreading around the jet;

» Applying the oscillating sine-like static pressaanditions for the jet injection can provide bettgxing in
the flow;

» Computational results are intended for clearer tstdeding of the mixing processes taking place in

combustion chambers of scramjets.
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