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The Reliability of the Improved e-N Method for
Transition Prediction as Checked by PSE Method

Caihon¢ St

Abstract—Transition prediction of boundary layers has always Reynolds number is large, which is exactly the ¢asenost

been an important problem in fluid mechanics bb#otetically and
practically, yet notwithstanding the great effortade by many
investigators, there is no satisfactory answehiwgroblem. The most
popular method available is so-called e-N methodchviis heavily
dependent on experiments and experience. The ah#soproposed
improvements to the e-N method, so to reduce ifsed@ence on
experiments and experience to a certain extent. @nthe key
assumptions is that transition would occur wheneber velocity
amplitude of disturbance reaches 1-2% of the ftesam velocity.
However, the reliability of this assumption needlb¢ verified. In this
paper, transition prediction on a flat plate isdstigated by using both
the improved e-N method and the parabolized stalatjuations (PSE)
methods. The results show that the transition iooatpredicted by
both methods agree reasonably well with each otheter the above
assumption. For the supersonic case, the critigalcity amplitude in
the improved e-N method should be taken as 0.0b&re@s in the
subsonic case, it should be 0.018, both are wittérrange 1-2%.
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I. INTRODUCTION
HE prediction of laminar-turbulent transition inwaary

transition problem, the difference was insignificaSo our
main concern would be the second problem, i.ehéf new
transition criterion is reasonable.

We would solved this problem by comparing resultsf
applying e-N method and by using PSE, as it has beewn in
[11]-[12] that results from applying PSE in predigt the
transition location is comparable with those fronN®)
provided the initial conditions are the same inhbotethods.
However, there is a profound difference between ehd
method and the PSE method for predicting the tiiamsi
location. In the e-N method, one seeks to find TH& wave,
whose amplitude reaches the given threshold fosttian first
among all possible T-S waves, see [2]-[3]. WhileP8E, a
single T-S wave cannot trigger transition, one ttaghoose
more than one T-S waves, in order to finally triggansition.
So the problem is how to choose the initial seT<8 waves,
which is comparable with the single wave in e-N et and
then compare the transition location determined bwmgh
methods.

layer has always been an important problem in fluid || TRANSITION PREDICTED BY THE IMPROVED EN METHOD

mechanics both from theoretical and practical mooftview.
Yet the most popular method for its prediction, srecalled
e-N method, is largely a semi-empirical method[1].

Su & Zhou[2]-[3] have analyzed the problems exigiimthe
conventional e-N method and proposed certain ingr@nts,
so to reduce its dependence on experiments orierpe. The
improvements include a new transition criterion asuime
considerations of receptivity. Yet basically, itsigll a method
relying on linear stability theory under parallessamption.

Obviously, to make the prediction method reliabid anore
rational, one has to check, first, how big the ewould be in
using the parallel assumption; and second, whatdvoe the
error in using the new transition criterion, ixartsition would
take place whenever the velocity amplitude of distace in
the improved e-N method reaches 1-2% of the freeast
velocity.

In fact, the first problem mentioned above is nateaous
one, because the results from linear stability th€bST) have
already been compared many times with those froracti
numerical simulation and results from applying plaeabolized
stability equation (PSE)[4]-[10]. The conclusionsyahen the
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The transition of the boundary layer on a flat @las
investigated. The Mach number of the oncoming flsw
M=0.3. The Reynolds number is 2000, based on the
displacement thickness of the boundary layer airtle¢ of the
computational domain, the velocity, density andcesty
coefficient of the free-stream. The wall temperatoondition
is adiabatic. The basic flow is given by the simiilasolution.

At first the improved e-N method is used for préidig the
transition location. It is done as follows: the qartation starts
from the location where the amplitude of the digturce wave
can be reasonably estimated, not as in the comveitie-N
method that starts from the ZARF or neutral curvéke
transition location is so determined that amongtedllocations
that a certain T-S wave’'s amplitude reaches thestiold
amplitude A for transition, the most upstream one is the
location of transition. We assume that at the irdétour
computational domain, all T-S waves have the samit@li
velocity amplitude 0.3%o of the free stream velocity

The integration starts from the inlet of the conapiohal
domain. For subsonic flows, two-dimensional T-S e&v
dominant the transition. Figure 1 shows the vaviatiof the
amplitude of some T-S waves with different frequesdn in
the downstream direction. The amplitude A is deteeu by
using (1).
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—-"X a;dx
A=Age"™ (1)
Where A is the initial velocity amplitude, which is consath
to be 0.3%0, and-a; represents the amplification rate in the

direction.x, is the start location of the integration. The wav

As mentioned above, in using PSE to predict tramsithe
initial condition should consist of more than on&Tvaves. In
the above example, the T-S waves considered imthemved
e-N method are 2-D waves. So in the PSE methodalse

éhould have one 2-D wave. Then what should be thero

that reaches the threshold valugfifst is the dominant one and waves? In nonlinear stability theory, there are famousdele

determines the transition location.

Curves in figure 2 show the location where the donbé of
wave with different frequency reaches the valyg @nd the
location of the point on the curve having the sesilvalue ok
is the transition location. For instance, the titims location is
x=360 if A,=0.01, and the corresponding wave frequency
about 0.06.
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Fig. 2 Results obtained by the e-N method

Ill.  TRANSITION PREDICTED BY USING THEPSE

In the PSE method, the disturbance vetes expressed as
o(x,y,2,1)

_ Z z Bon (X, y)ei(— f;co Amn(X)dX+nfz-mwt)
m=-—0 n=—0
(2)
Where® = (5,4, 0, w,T)T is the shape function vectax, y
andz the stream-wise, normal-wise and span-wise coate#

respectively;t the time,a,B the stream-wise and span-wise

wave number, respectively.

The governing equations and the numerical methabie
the equations can be found in many related refesenfor
example in [13].

for nonlinear instability, i.e. the resonant triadd secondary
instability. Both assume a pair of oblique wavesvihg
frequency half of the 2-D wave, because the noaline
interaction between such waves would be the stsingeder
this assumption. So we also take similar modeldior PSE
¥ethod, i.e. the initial condition consist of a ZFE5 wave and
a pair of oblique T-S waves having frequency thé bfthe
2-D wave.

At first, it seems there can be infinite set ofigbé waves,
as it can have arbitrary span-wise wave number. ddew in
the e-Nmethod, only waves with a real group velocity are
considered, here the same principle is adopted.spha-wise
wave number of the oblique waves is fixed by thadition

(9a/08), _O. The results, i.e. the so found span-wise wave
numbers, are shown in Table I. In the improved ed&thod as
applied above, it is assumed that all waves, naemathat
frequencies they have, have the same initial aog®iD.3%o. In
the PSE method for comparison, the same assumgltiounld

be used, so the amplitude of either of the twocplgliwaves
should be 0.15%o.

TABLE |
PARAMETERS CHOSEN IN THE COMPUTATION FORSE

c Frequency of basid Span-wise wave numbey
ases ;
wave of oblique wawv

1 0.049 0.21

2 0.051 0.21

3 0.055 0.20

4 0.065 0.17

5 0.069 0.16

6 0.075 0.15

The computation of PSE method ends at the locativere
the wall shear stress rises abruptly, which is mssito be the
location of transition triggered by that initial we set,
including one 2-D T-S wave and a pair of obliqué& Tvaves.
Figure 3 shows the distribution of the wall fricticoefficient
C; in the stream-wise direction. The rise gfd@rve indicates
the transition onset.
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Fig. 3 Distribution of friction coefficient in thetream-wise direction

579



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:6, No:3, 2012

Figure 4 shows the results of both the improved médthod The stability character is different from the sutisocase
and the PSE methods. The most upstream point dne#see because there are two Mack T-S modes in the bounager.
determines the transition location under the rebgecriteria  For supersonic boundary layers, when the Mach nurisbe
of transition. For example, for the improved e-Nthog, the |arger than 4, then the most unstable wave wouliBevaves.
predicted transition location would bg=360, 450, 500, So the initial disturbance waves in the PSE methoe

corresponding to #=0.01, 0.02, 0.03 respectively, while forgetermined by the same way as in the subsonicatase. The
the PSE method, the transition location prediced=440. In - harameters of the initial T-S waves are shown iblda

fact, if in the improved e-N method,As taken to be 0.018,

which is within the range 1-2% of free stream vilo@as TABLE Il
mentioned in the above introductiomhen the transition PARAMETERS OFT-SWAVES IN THE COMPUTATION
location predicted by both methods would be theesaBy the FOR SUPERSONIC CASE .
way, the frequencies of the 2-D waves triggerirgtransition Cases | Frequency of Wasvt;e:?n‘fng of nﬁ%’g‘f"’f&g‘f‘fe
in both methods are also roughly close to eachrothe 2-D T-S wave a
gnly 2-D wave wave
0.1p A,=0.01 1 1.6 1.73 1.33
e === A,=0.02 2 1.7 1.83 1.35
oo  —mos A,=0.03 3 1.8 1.91 1.38
5 " PSE 4 1.9 201 1.40
008 . 5 2. 2.1 142
3 F <
3007k 6 2.0 2.1¢ 1.4%
s
$0.06fF With the known initial disturbances, we follow thei
9_?0.05?_ evolution by using PSE. For some supersonic cdsewall
= friction coefficient has not risen yet when the gutation
0.04F breaks down, inferring that the evolution of thetdibances
0.03f becomes drastic. Therefore the location where dhepaitation
F . . . . . breaks down, or the friction coefficient iicreases drastically,
00260 200 500 600 700 800 will be seen as the start of the transition.
_ - _ _ The distribution of €in the stream-wise direction is shown
Fig. 4 Transition location predicted by the botftinoels in fig. 6. The G curve does not rise for the case= 2.0 when

the computation breaks downxat94. A slight rise of €curves

Fig.5 shows the velocity amplitude of the 2-D wawéth can be found in the other cases.

frequencies 0.065 and 0.069, computed by both misththe

frequencies correspond to cases close to theatritise in PSE 0.00024

:_ — w=l6
method. It can be seen that up to the point wharesition is N E o esT
predicted by PSE method, the amplitudes of the ®&dve B e — w19

predicted by both methods are close to each other.
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ereera SR T BRI S| Figure 7 shows the comparison of the results obthioy
° AV both the improved e-N method and the PSE methotle. T
transition location obtained by the PSE methox80, which
is exactly in the range of transition location peéedd by the
improved e-N method using the transition criteridop=0.01,

. . 0.02, respectively. If in the improved] method, Ais taken to
The transition of a supersonic boundary layer dlatsplate 0.013, the transition location predicted by botethods

is also investigated in the similar way. The Madmber of the |, o 14 be the same. The transition criterion adogitedhe

onc_omin_g flow is M=6. The Reynold_s number is 36000|mproved e-N method is reasonable. Considering hibth
defined in the same way as the subsonic case abbeewall g hsonic and supersonic cases the transition ieriter the

temperature condition is adiabatic, too. The ihit@ndition of improved e-N could be taken as+%.015. The frequency of
disturbances is the same as the subsonic case. the wave triggering the transition is also slightigger than

Fig. 5 Development of 4k

IV. A SUPERSONICCASE
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that in the improved e-N method, similar to thesarbc case.
The reason is thought to be the influence of thepacallelism
and nonlinear effects. More work is underway fortHar

verification.
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Fig. 7 Transition location predicted by the bothtimeels for the
supersonic flow

V.CONCLUSION

The conventional e-N method is a semi-empiricalhoéf

with no consideration on receptivity, and no coesition on
physical criterion for transition. In the improvedN method,
the initial location of integration and the initenplitude of the
T-S wave are determined by a certain consideraton
receptivity mechanism, and the transition criterigniaken to
be that the disturbance wave’'s amplitude reach2% bf the
free stream velocity, as indicated from resultsDNS for

transition. However, it still bears some simplificas, which

should be checked by other more sophisticated rdethahis

paper, PSE method is used to check the results flmn
improved e-N method. The result of comparison dweside

evidence that the improved e-N method bears sotiumatity.

Of course, more work needs to be done, for exanplggs of
supersonic and hypersonic flows should be studigthdr,

which is underway.
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