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Abstract. The subject of the article is to determine the level of incipient turbulence in the wind tunnel T-1 which is
based on the method of measuring the pressure drop. The purpose is to experimentally determine the level of incipient tur-
bulence in the working part of wind tunnel T-1 of Ivan Kozhedub Kharkiv National Air Force University in preparation for
aerodynamic testing of aircraft models. Research methods: the method of pressure drop on the surface of the sphere by
drainage. The following results of experimental determination of the level of incipient turbulence in the wind tunnel T-1
were obtained. It is established that the wind tunnel T-1 has a level of incipient turbulence 0,5...0,9 %, which corresponds
to the normal condition for further experimental studies. Conclusions. According to the results of studies of the incipient
turbulence in the wind tunnel T-1 by the method of pressure drop, the main dependences are obtained, and the incipient
turbulence of the flow for the wooden sphere & = 0,9 %, and for the metal sphere & = 0,5 %, is determined. Determining the
pressure distribution and aerodynamic drag does not involve measures to balance the aerodynamic scales and their certifi-
cation, which determines the necessary role in the obtained reliable results of the experimental study, and this favors the

drainage method.
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Introduction

A numerical aerodynamic experiment allows to
investigate the general structure of flow and certain fea-
tures of flow within the limits of certain models of gas
at the change of parameters of research object. A nu-
merical experiment takes advantage before a physical
experiment and flying tests in an economy, especially at
research of plenty of variants and change of different
parameters, descriptions and terms. Thus periodically
comparisons of results of numerical experiments must
be made with data correctly done physical experiments.
In case of unsatisfactory concordance of results the de-
tailed research of divergences that arose up is executed
[1]. Thus, experimental aerodynamics is the important
constituent of verification of aerodynamics theoretical.

As is known, the results of experimental verifica-
tions of models in wind tunnels do not depend on this
field experiment. This is to stream the models in the
conditions to be created in the aerodynamic laboratory,
and in kind are not similar. In order to obtain other
characteristics, judging by other characteristics, it is
necessary to know the laws of transition from models to
nature [2].

Experimental installations and wind tunnels allow
to determine aerodynamic characteristics with high ac-
curacy and a wide range of measurement of parameters.
A large number of works are devoted to the experi-
mental study of the structure of gas flow in a model
experiment [1-6].

The main factors that quantitatively affect the test
results are the criteria for the perfection of the wind tun-
nel. [5]. When setting up any experiment, it is necessary
to create the conditions under which it is possible to
carry out an experiment that provides practical use of
the results. A necessary condition for conducting an
aerodynamic experiment is compliance not only with
the criteria of geometric perfection, but also the equality

of Reynolds, Mach, Struhal numbers and the degree of
flow turbulence for the model under study [6].

The aim of the article is to experimentally deter-
mine the level of incipient turbulence in the working
part of wind tunnel T-1 of Ivan Kozhedub Kharkiv Na-
tional Air Force University in preparation for aerody-
namic tests of aircraft models.

Main part

In the study of the flow of a viscous flow of bodies
of various shapes, crisis phenomena are observed,
which are associated with a sharp change in the nature
of this flow. These phenomena are accompanied by the
separation of the flow from the surface or occur with
continuous flow [1].

A flat plate, which flows around the flow directed
along it, is a standard for flow without separation of the
boundary layer. [2]. With continuous flow around the
plate, the crisis phenomenon consists of a sharp increase
in resistance, due to the transition from the laminar
boundary layer to the turbulent. The flow around the
sphere will have a completely different character: due to
the increase in the surface of the sphere boundary layer
and inhibition, which is due to changes in pressure,
there is a separation of this layer. The beginning of this
separation coincides with the point on the surface where
Tom = 0. Defined as:

Hem (5Vx /8y)y:0 =0, (1)

The separation of the boundary layer occurs down-
stream, where there is more friction stress on the walls,
because in this case the fluid particles will travel a long-
er distance in the boundary layer along the surface of
the body before t,,, will be equal to zero. Thus, in the
case of a laminar boundary layer, the separation will

occur much higher downstream than in the case of a
mixed boundary layer, when there is a turbulent bound-
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ary layer at the stern of the sphere. Scheme of flow sep-
aration during flow around the sphere by laminar flow
(subcritical flow) is presented on Fig. 1. Scheme of flow
separation at the flow around the sphere with mixed
flow, supercritical flow is presented on Fig. 2. Distribu-
tion of pressure coefficients for the surface sphere is
presented on Fig. 3.

Fig. 1. The scheme of separation of a stream at a stream
flow around a sphere by a laminar current: 1- current lines;
2 —the point of separation of the boundary layer; 3- plot of

velocities at the breakpoint; 4 — vortex trace of the body

1

Fig. 2. Flow separation scheme with mixed flow: 1- current
lines; 2 — plot of velocities in the boundary layer; 3 — the point
of transition of the laminar boundary layer to turbulent; 4 — the
point of separation of the boundary layer and the plot of veloc-

ities at the point of separation; 5 — vortex trace of the body
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Fig. 3. Distribution of pressure coefficients on the surface
of the sphere: 1- vortex-free flow with an ideal flow;
2 — subcritical flow; 3 — supercritical flow

The lower the flow separates the boundary layer,
the greater the nature of the flow of the layer through
the flow of viscous fluid to flow around the ideal medi-
um. Therefore, despite the fact that the frictional re-
sistance during the transition from the laminar boundary
layer to the turbulent layer increases, the flow crisis
leads to a decrease in the total value of the layer re-
sistance due to the region of reduced pressure in the
stern (Fig. 2). Crisis phenomena in the case of flow
around the sphere, other things being equal, occur the
faster (ie with a smaller Reynolds number), the greater
the incipient turbulence of the flow. The sphere, due to
the high sensitivity of the nature of its flow to the incip-
ient turbulence, is used in experimental aerodynamics as
a reference sample of the flow surface in determining
the magnitude of this turbulence [1].

To determine the incipient turbulence of the flow
in the working part of the wind tunnel T-1, an experi-
mental method based on measuring the pressure drop on
the surface of the sphere was used. The Reynolds num-
ber has the strongest effect on the pressure distribution
in the aft part of the sphere. If before the onset of the
"crisis" the sphere is dominated by rarefaction, then
with the "crisis” flow in this area there is more pressure.
The region that is most responsive to changes in the
Reynolds number is determined by the polar coordinates

0 =150° +210° (Fig. 2). This feature of the flow around
the sphere is used to determine the critical Reynolds
number by the pressure drop in the main and aft parts of
the sphere [1].

In the body of the sphere were made drainage holes,
one of them at a critical point, and the other in the stern,

at a point with coordinates 0 =157°30. To increase the
accuracy of the experiment, the holes are symmetrically
placed (Fig. 4), the measured pressure was averaged us-
ing an integrated adapter and marked p,.

8 =157°30

8

Fig. 4. Sphere model for determining the incipient
flow turbulence by the surface pressure drop method:
1 — sphere; 2 — mounting sphere; 3 — liquid micromanometer;
4,5, 6, 7 — air routes connecting drainage points with
a micromanometer, 8 — drainage holes for measuring pressure

Changing the Reynolds number will significantly
affect the pressure drop ap=pg—p, at these points
and at the critical point. If you change the flow rate in
the wind tunnel, measure the pressure drop, you can
build a dependence on the Reynolds number (Re) to the
pressure drop:
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ap= = f(Re), (2)

Value ap =122 corresponds to the coefficient of
drag at which the critical Reynolds number is deter-
mined. Thus, the dependence can be used to find this
Reynolds number ~p = f(Re), on which the value of
Re is the value ap=1,22 [1].

Sphere with air drainage routes in the working part
of the wind tunnel T-1 is presented on Fig. 5.

Drained sphere with a diameter D =13,7cu, mid-
section area S,,;, =0,0147.4%> mounted on the fairing
mounting in the working part of the wind tunnel T-1.

/S
Fig. 5. Drained wooden sphere in the working part
of the subsonic wind tunnel T-1

—

Before starting the wind tunnel, the barometric
pressure was measured, and the incipient readings of the
micromanometer were taken at the same time. Air den-
sity was defined as:

p 273+tMCA
273+t

) ®)

P = Prc4
Pryca

Prmcar  Pumca,  tuca — respectively density, pressure

and air temperature in standard atmospheric conditions.
The coefficient of dynamic viscosity of air is de-
fined as:

(4)

po =1 71107kl - cex | m?; ty — measured tempera-
ture. The kinematic viscosity coefficient is defined as:

Ho, = 1o (tyca/to) s

Voo :Moo/poo . 5)

The flow rate in the working part of the viscosity
wind tunnel is defined as:

Vw:\/i(h—ho)sinﬁ-y-aT : (6)

v=0,8 KF/0M3 — the specific gravity of the liquid in

the micromanometer; B =30 — the angle of inclination

of the plane of the measuring tube of the micromanome-
ter; &r — the coefficient of calibration of the nozzle of

full pressure (its value is taken equal to one).
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The velocity pressure of the incident flow:

0 = po V2 /2. @)
The Reynolds number is defined as:
Re=V, D/v,, (8)

The speed of the oncoming flow V., was deter-

mined using a full pressure tube and the braking pres-
sure, which was measured at the frontal point of the
sphere. The pressure drop was measured at points of the
root part of the sphere using a micromanometer.

The pressure drop is defined as:

ap=po-px=(h-ho)sinB-y-&r. ©)
The corresponding dimensionless quantity:
aP=ap/a,. (10)
Similarly, for the five modes of operation of the
wind tunnel T-1 definitions are presented in table 1.
Table 1. Data on the pressure drop on the surface of a
wooden sphere in wind tunnel T-1
Vo, M/ 135 |18 | 25 | 30 | 34 | 38
Oy kT 2 11,2 |20,0(387| 558 |71,6(89,5
Re-107° 1,32 |1,78(2,45| 2,94 |3,34(3,73
h, mm 40 70 |110| 125 | 145185
ah, um 40 70 |110| 125 | 145185
Pressure drop, ap 16 | 28 |44 | 50 |58 | 74
Pressure drop, ap 1,41 (1,39|1,13| 0,89 | 0,8 |0,82

According to the experiment, the dependence is
constructed ap = f(Re), according to which the critical

Reynolds number is determined Re*=2,3-10", that
corresponds ap =1,22 and presented on Fig. 6.
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Fig. 6. Determination of the critical number Reynolds
as a result of the experiment with a wooden sphere

The level of incipient turbulence is defined as:

1 tZAVZdt/(ljtZthj
ty tt

According to the Reynolds number found
Re*=2,3-10", using dependencies &= f(Re) [1],
determined the incipient turbulence of the flow in the

working part of the wind tunnel of Ivan Kozhedub
Kharkiv Air Force University & =0,9% (Fig. 7, 9).

(11)
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working part of the wind tunnel of Ivan Kozhedub

$Lu 2 F S .
\ Kharkiv Air Force University & =0,5% (Fig. 10).
3.0
2.5 Table 2. Data on the pressure drop on the surface of the
2,0 metal sphere in wind tunnel T-1
15 V,,m/c 135 | 18 25 |30 | 34|38
10 ~ oo KT 12 11,2 | 200 | 38,7 |558|71,6|89,5
0.5 R ——
0 —— Re-107° 1,42 | 1,89 | 2,63 |3,15(3,57| 4
10 12 1.4 1.6 1.8 2.0 2.2 24 26 28 3.0 32 34  Rexl0S . 3 o8 | 128 142 [ 165 190
Fig. 7. Dependence of the critical number Reynolds M
from the incipient flow turbulence for a wooden sphere ah, s 43 | 68 | 128 | 142165190
) Pressure drop, ap 17,2 | 27,2 | 51,2 |56,8| 66 | 76
ap Pressure drop, ap 152|135 | 1,32 |1,01{0,92|0,84
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Fig. 8. Determination of the critical number Reynolds 0.5 T
as a result of the experiment with a metal sphere —

The incipient turbulence was also determined for
the metal sphere is presented on Fig. 9.

Fig. 9. Drained metal sphere in the working part
of the subsonic wind tunnel T-1

For the five modes of operation of the wind tunnel
T-1 determination ~p definitions are presented in ta-

ble 2. According to the Reynolds number found
Re*=2,7-10", using dependencies &= f(Re) [1],
determined the incipient turbulence of the flow in the

0
1012 14 16 18 2022 24 26 28 30 32 34 Rex10°

Fig. 10. Dependence of the critical number Reynolds
from the incipient flow turbulence
for the metal sphere

Conclusions

According to the results of studies of the incipient
turbulence in the wind tunnel T-1 by the method of
pressure drop, the main dependences are obtained, and
the incipient turbulence of the flow for the wooden
sphere & =0,9%,, and for the metal sphere & =0,5%.,

is determined.

Determining the pressure distribution and total
aerodynamic drag does not involve measures to balance
the aerodynamic scales and their certification, which
plays an important role in obtaining reliable results of
the experimental study, and is an advantage of the
drainage method.

According to the determined incipient turbulence,
the turbulence factor is determined, which will allow to
compare the results of tests in wind tunnels T-1 with the
results of tests in other wind tunnels [7-13]. According
to the results of the experimental study, it was found
that the wind tunnel T-1 meets the normal conditions for
further experimental studies of unmanned aerial vehi-
cles with hybrid engines.
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ExcnepumMenTaibHe BH3HAYEHHS PiBHSI MOYATKOBOI TYpOyJIeHTHOCTI B podoyiii yacTini aepoannamiunoi Tpyon T-1
XapkiBcbkoro HanionanbHoro yHiBepeurery IloBiTpsiaux Cui imeni IBana Koxxenyoa

B. B. Besnenpnuii, C. O. llleBuenko, 1. O. I'pinacos

AnoTtauis. [IpegMeTom cTaTTi € BU3HAYCHHS PiBHS OYAaTKOBOI TYpOYJIEHTHOCTI OTOKY B aepoanHaMivyHiil Tpyoi T-1,
oo 0a3yeTsCsl Ha METOA1 BHMIPIOBAHHS TEpenaay THCKY. MeTor CTaTTi € eKCIepruMeHTalbHe BU3HAYCHHS PIBHS MMOYATKOBOL
TypOyieHTHOCTI B poOouiii yacTiHi aepoauHaMiuHoi Tpyou T-1 XapkiBcbkoro HamioHansHOro yHiBepcutety IloBiTpstHux Cui
imeHi IBana Kosxeny0a mpu miAroToBLi 0 aepoIMHAMIYHUX BHIIPOOYBaHb 3pa3KiB JiTAJbHUX amnapaTiB. MeToan X0OCTizKeH s
METO]] TIepenaay TUCKY Ha MOBEPXHi cepr NUIIXoM apeHaxy. OTpuMaHi HacTyNHi pe3yJIbTaTH eKCIEPUMEHTAIbHOTO BU3HA-
YeHHs PiBHs NOYaTKOBOI TypOyJIEHTHOCTI B aepoauHaMivHiil Tpy6i T-1. BeranoBieHo, mo aepoanHamiuna Tpy6a T-1 mae piBeHb
MoYaTKoBOi TypOynentHocti 0,5...0,9 %, 1m0 BiAMOBiAa€ HOPMATILHIM YMOBaM ISl IOAAIBINNX EKCIICPUMEHTAIBHUX JTOCTIIKCHb.
BucHoBku. 3a pe3yiapTaTaMH JOCIIDKEHb 1MOYaTKOBOI TypOyJIeHTHOCTI B aepoauHaMivyHiil TpyOi T-1 meromom mepemamy THCKY
OTPHMaHO OCHOBHI 3aJIEKHOCTI TIepernay THCKY Bif umcia PeliHonbaca. BeraHoBIeHO, 10 moYaTkoBa TypOyISHTHICTE TIOTOKY IS
nepes'saoi chepu & = 0,9 %, s meraneBoi chepu & = 0,5 %. BusHaueHHs po3MOJIiIy THCKY Ta TIOBHOTO ae¢pOMHAMIUHOTO OTIOpY
He nepedavae MPOBEICHH 3aX0/IiB OaaHCYBaHHs aepOANHAMIUHHX BariB Ta ixX cepThdikarlii, 10 rpae BaXXIMBY POJIb B OTPUMAaHHI
JIOCTOBIPHHX Pe3yJIbTaTiB MPOBEACHHS EKCIIEPHUMEHTAIBHOTO JIOCIIDKEHHS, Ta € EPEeBaroro IPEHAKHOTO METOY.

Kaw4doBi ciaoBa: mouaTkoBa TypOyJIEHTHICTh; aepoJHHaMIuHa TpyOa; eKCIEepHUMEHTAIbHUII METOX; Tepernaj THCKY;
EKCIIePUMEHTAJIbHE TOCII [PKSHHSI.

JKcnepuMeHTAJIbHOe ONpe/ieleHHe YPOBHS HAYAIbHONH TypOyJJeHTHOCTH B padoyeil 4acTH a3POAMHAMHUYECKOI TPYOBI
T-1 XapbKoBCKOro HAMOHATBLHOr0 yHMBepcuTeTa Bosaymnbix Cui umenn UBana Koxenyoa

B. B. beznensnsrii, C. A. llleBuenko, U. A. I'punacos

AHHoTanusi. IlpeqMeTOM CTaThU SBISETCS ONMpPEACICHUE YPOBHS HAauaJbHOW TYpOYJICHTHOCTH IOTOKA B a3pOIUHA-
mudeckoit Tpybe T-1, 6azupyromeiicss Ha MeTo/ie U3MepeHus nepenana napieHus. Lleablo cTaTbu sSBISIETCS YKCIIEPUMEHTATBHOE
OTIpe/IeNIeHNe YPOBHS HaYanbHOI TypOylIeHTHOCTH B paboueil yacTn a3poanHaMudeckoil TpyOs! T-1 XapbKkoBCKOTO HAI[HOHAB-
Horo yHuBepcureTa Bo3mymusix Cun nvenn VBana Koxemyba mpy NOATOTOBKE K a3pOAMHAMUYECKHM HCIIBITAHIAM 00pa3IoB
JIeTaTeNIbHBIX anmapaToB. MeToAbI HCCIeJ0BAHUS: METO] TIEperaja AaBICHNS Ha IOBEPXHOCTH cepsl myTeM apeHaxa. [lomy-
4YeHbI CIeAyIolHe Pe3yIbTaThl HKCIIEPIMEHTAIFHOTO OTpeeIeHHsT YPOBHS HAYILHOW TypOYJIEHTHOCTH B a3pOJHHAMUYECKOM
Tpy6e T-1. YcranoBieHo, uTo aspoamHaMmdeckas Tpyoa T-1 umeer ypoBeHb HauansHOH TypOyneHTHOCTH 0,5...0,9 %, 9TO CO-
OTBETCTBYET HOPMAJIbHBIM YCIOBHSM JAJIS JaJbHEHIINX SKCIIEPUMEHTANBHBIX HcclieqoBanuil. BeiBoasl. I1o pesynbraTam uccie-
JOBaHUI HadalbHOW TypOyJIEHTHOCTH B adpoauHaMuueckoil Tpyde T-1 mMeTonom mepenaja JaBieHUs MONTY4YSHBI OCHOBHBIC 3a-
BHCHMOCTH TIepena/ia JAaBlieHns oT yncia PeitHosbpaca. Y cTaHOBICHO, YTO HavYaj bHas TypOYJIEHTHOCTh IOTOKA JUIs JIePEBSHHON
coepsr £ =0,9 %, mns merammmaeckoit chepsr & = 0,9 %. Onpenenenne pacrpeneneHns AAaBICHUS W MOJTHOTO adpoJHHAMUYe-
CKOTO CONPOTHUBIICHUS HE MpEIyCMaTPHBAcT MPOBEICHUSI MEPOIIPUATHII OaTaHCUPOBKU a’pOJMHAMUYECKAX BECOB U UX CEPTH-
(UKanyy, 9TO UrpaeT BaXKHYIO POJIb B IOJYYEHHN JOCTOBEPHBIX PE3YJILTATOB IPOBEICHUS SKCIEPUMEHTAIEHOTO HCCIIEIOBAHNS
U SIBIISETCS IPEUMYIIECTBOM JIPEHAKHOTO METOa.

KnrwoueBble ciaoBa: HauajnbHas TypOYJIEHTHOCTb; a’3poJMHAMHYECKas TPyOa; SKCIEPUMEHTAIbHBIH METOA; mepemnaj
JaBJICHHS; SKCIIEPUMEHTAIbHOE HCCIIeI0BaHHUE.
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