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Annomauus. ITpoBeneHbl YMCIIEHHbIE UCCIIENOBAHUS BIMSIHUS 3KpaHa (3eMJIM) Ha o0TekaHue npoduieii Kpbuia
NACA 5312 u Clark Y+, ¢ HeOTKJIOHEHHBIM (0, = 0) 1 OTKJIOHEHHBIM Ha 0, = 20° 3aKPbLUIKOM C UCIT0JIb30Ba-
HUMEM TMPOrpaMMbl, OCHOBAaHHOM Ha pelleHUU ocpeTHeHHbIX Mo PeiiHombacy ypaBHeHuit HaBbe—Ctokca. JlaHo
CpaBHEHUE C KCIIepYMEHTAIbHBIMU TAHHBIMU, TTOJTYYeHHBIMU B a3pOIMHAMUUECKOH TpyOe. UrcieHHbIe ucceno-
BaHUSI BIMSIHUS OJIM30CTH 3€MJIM Ha Hecylllie CBOMCTBA Mpoduiieii oKa3aiu, YTO Ha MOAbeMHYIO CUITY TPODUIIS
OTHOBPEMEHHO 0KAa3bIBAIOT BIMSIHYE TaKKe (haKTOPhI, KaK BHICOTA HAJ 3eMJIEit, YroJl aTaKu, yroJl OTKJIOHEHUS 3a-
KpbLIKa. BeaeacTBue aToro npu mpoeKTHpoBaHUM SKPaHOILIAaHOB HY»KHO paccMaTpuBaTh MHTEP(MEPEHINIO yacTeit
KOHCTPYKIIMU U 9KPaHa COBMECTHO C YCIIOBUSIMU T10JI€Ta TS HAXOXKIEHUS ONTUMAJIbHBIX YCJIOBUIA €70 JIBUXKEHMUS.
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Abstract

The ground effect vehicle creation is an urgent task, since they are able to move both along the water and on various
surfaces such as soil, snow or ice, as well as posess the ability of basing on these surfaces. Compared with water
transport herewith, they possess a higher speed and a higher aerodynamic quality compared with airplanes. The
problem of stability and controllability ensuring is being put forward as a rule as the main one while the ground
effect vehicle designing.

A number of problems associated with correct description of the ground proximity effect impact with account for
the moving screen arise while the ground effect vehicle studying in the wind tunnels. There are several techniques
for the experimental study of the airfoil motion over the screen in the wind tunnels in this case. These are the screen
modeling by the immovable wall, the mirror image method application or the movable wall method. Sucking-out
of the boundary layer being formed with variable or constant consumption along the screen is possible as well.
One of the ways of the control system improving is mathematical modeling of the ground effect vehicle motion.
As oftoday, the progress in software and numerical research methods applied at the preliminary design stage opens
new possibilities in solving the problems on the ground effect vehicles creation and their updating.

The article presents the results of numerical study of the screen (ground) effect on the NASA 5312 wing airfoil
flow-around by the mirror images method in comparison with the experimental results, as well computation of
the Clark Y+ airfoil with both non-deflected (84,, = 0) and deflected twenty degrees deflected (8q,, = 20°) flap.
The experiment, with which the numerical studies were compared, employed the mirror images method.

For this purpose, the two wing models were installed in the working part of the wind tunnel: the main (being
studied) wing at the top and the auxiliary one at the bottom. The symmetry plane was employed in the numerical
study of the NACA 5312 wing airfoil by the mirror images method. Experimental and computational dependencies
of the lifting force on the height above the screen, expressed as a height above the ground to the chord of the airfoil
(H/b) demonstrated a good fit.

The Clark Y+ airfoil with both non-deflected and deflected in the takeoff position flap was computed by the same
technique and with the same initial conditions. Computational results revealed that the screen effect on the lifting
force of the screen Clark Y+ airfoil with non-deflected flap was similar to the results obtained in the computation
and experiment on the NACA 5312 airfoil.

Numerical studies of the ground proximity impact on the load-bearing properties of the NACA 5312 and Clark Y
profiles revealed that the airfoil lifting force is affected simultaneously by such factors as the above ground level,
the angle of attack and the flap deflection angle. Thus, while near screen movement at the distance of 0.1b the
lifting force increases by 16% for the Clark Y+ airfoil with non-deflected flap (dg,, = 0) within the range of angles
of attack of 4° < a < 10°. While with the flap deflection of 84,, = 20° near the screen the lifting force increase near
19% occurs within the angle of attack range of —2° < a < 6°.

Consequently, structural parts and screen parts interference should be considered in conjunction with the flight
conditions, when the ground effect vehicle design to find the most optimal conditions of its motion.
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Fig. 1. Computed airfoils: a - NACA 5312 airfoil; b - Clark Y+ airfoil, 6q,, = 0;
¢ - Clark Y+ airfoil, 8g,,, = 20°

Fig. 2. Computational grid near the Clark Y+ profile: a - 8g,, = 0; b - dg,p = 20°

Fig. 3. Experimental and computational studies of the wing profile motion near the ground [18]:
a - experimental model; b - computational model

Fig. 4. Validation results of the NACA 5312 wing airfoil:
a - dependence of the lift coefficient on the height above the screen,
b - dependence of the lift coefficient on the angle of attack

Fig. 5. Dependences of the lifting force coefficient of the Clark Y+ profile from the angle of attack:
a - with the flap not deflected dg,, = 0; b - with deflected flap dg,, = 20°
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Bsenenue

BausgHue 61M30CTH 3eMJIM Ha XapaKTePUCTUKU
JIETAaTEJIbHOTO aIliapara IIpUBJIeKaeT BHUMAHUE UC-
cienoBaresieil ¢ Havana aBanaiaToro Beka. B Poccun
TaKue MCCJedOoBaHUS IIPOBOAUINCH B OCHOBHOM B
LleHTpasbHOM a3pOruaAPOAMHAMUYECKOM UHCTUTYTE
umenu H.E. XKykosckoro (HAT'M). B 1923 r. 6b11a omty-
OMKoBaHa repBasi padoTa 1o 3Toi TemMaTuke — «Biu-
sIHME 3eMJIM Ha a3pOAMHAMUYECKIEe CBOMCTBA KpbLJIa»
b.H. IOpneBa. McciienoBaHust mokas3aiu 3aBUCMMOCTD
a’pOJMHAMMYECKNX M1 MOMEHTHBIX XapaKTepPUCTUK
OT OJIM30CTH 3eMiIM (3KpaHa), a TakKXkKe yBeJIUYeHUeE
a’pOIMHAMMYECKOTO KayecTBa IpU MPUOIMXKEHUU
K 3eMJIe, IJTaBHBIM 00pa30M 3a CUeT yBEIUYEHUS MTOIb-
€MHOI CUJIBI.

OnHUMM U3 TIEPBLIX, B 1932 T., HeMeLIKUe CIieLiuain-
CThI Ha Tuapocamoriere Dornier Do-X BEITIOTHIIN IO~
JieThl Ha BbicoTe 10 M ¥ MoKa3aiu, 4To pacxod TOIUIMBa
IIPY 3TOM OKAa3bIBAETCS CYIIECTBEHHO MEHBIIINM, YeM
MpU T10JIeTax Ha OOJIbIIEH BbICOTE.

B pe3ynbraTe moncKOBBIX MCCIEIOBAHUIT OBLIO BbI-
JIeJIEHO HECKOJIbKO TUIIOB JIeTaTeJbHbIX anmnapaTos,
JIBUXYIIHUXCS 6€3 KOHTaKTa C MOBEPXHOCTHIO [1, 2]:

— arnmnaparbl Ha JMHAMUWYE€CKO BO3MYLIHOM MOIY-
IIIKe, COBEPIIAIOIINE ABKEHNE B OCHOBHOM PEXMMeE
TOJIBKO B 30HE JIeHICTBUS 3KpaHHOTO 3¢ deKTa;

— BKpaHOIUIaHbI, IBMXKYIINECS B HEITOCPEACTBEH-
HOI OJIM30CTU OT MOBEPXHOCTU U MUMEIOIIME BO3-
MOXHOCTb KPaTKOBPEMEHHOI'O YBEIMYEHUST BBICOThI
MoJIeTa;

— 3KPaHOJIEThI, ABYXPEKUMHBIE aIlllapaThl, IBUKY-
LIMEeCs B HEIOCPEICTBEHHOM 0JIM30CTU OT ITOBEPXHO-
CTU 1 UMEIOIIE BO3MOXKHOCTb COBEPIIATD IJIUTEIbHBIIA
MOJIET B OTPHIBE OT DKpaHa;

— araparhl ¢ MOJIHOM WA YaCTUYHOI a’poarHa-
MUYECKOM pa3rpy3Koi.

Bnustnue skpaHa Tem O0JIbliie, YeM MEHBIIIE BBICO-
Ta pacHoJIOKEHMST Hall HUM 3aaHell KPOMKM KpbLia,
BhIpaxkeHHas B JoJisix xopabl. [Ipu ompeneneHHOIM
TUTOLLIAIY KpbLJIa U 3aJaHHOM aOCOTIOTHOM PacCTOSIHUU
OT 3KpaHa [0 3agHell KpOMKU Kpbljla, OIIPeAe/IsieMOM
BO3MOXHOI BBICOTOI HEpOBHOCTE 3KpaHa, 3P deKT
9KpaHa OymeT TeM OOoJibllie, YeM MEHbIle YIUIMHEHUE
KpbLIa. DTO 00CTOATEILCTBO OMpeAcssieT KOMIOHOBKY
9KpaHOIJIaHa KaK JIETaTeJIbHOTIO almapara ¢ KpbLJIOM
Majioro yaauHeHus [3]. HekoTtopbie 0cOOeHHOCTHU
a’poIMHAMUYECKMX XapaKTepUCTUK dKpaHOILJIaHa
00yCJIOBJIMBAIOT HEOOXOAMMOCTb BBEACHUSI HOBBIX
KPUTEPUEB YCTOMYMBOCTU U, CJIEAOBATEIbHO, ITOSIB-
JIEHWE CBSI3U C 3TUM JOMOIHUTEIbHBIX TPEOOBaHU K
€ro a’3poIrHaMuyeckoit kKomrnoHoBke [4]. B omiuyue
OT caMoJieTa, IPOIOJbHasI CTaTUYeCKasi yCTOMYMBOCTD
KOTOPOTIO IIPU OTCYTCTBUU BIMSHUS CXKUMAEMOCTHU
BO31yXa Bceria, npu Jo00il aspoarHaMUYeCKOM

KOMIIOHOBKE, MOXET OBITh 00ecriedeHa BHIOOPOM 1IeH-
TPOBKM, IPOJOJIbHAS arniepuoanueckasi (craTuueckast)
YCTOMYMBOCTb SKpPAHOTIaHA B 3TUX YCJIOBUSIX MOXET
ObITh OOECTIeYeHa TOIBKO MPU OTpeaeIeHHBIM 00pa3oM
BBIOpAHHOM a3pOAMHAMMYECKOI KOMITOHOBKE [4]. Bo3-
MOHO, 3TUM OOBSICHSIETCSI IIIMPOTa 00JIaCTU MOUCKA
OINTUMAJIbHBIX TEXHUYECKUX PELIEHMUIA |3, 6].

M 3BeCTHO, YTO BHIOOP CXeMBbI 9KpaHOILJIaHA MOXKET
CYILIECTBEHHO TOBJIUATH HA €r0 a’poJuHaMHUuecKue
xapakTtepuctuku. OT BbIOOpa mapamMeTpoB a’poau-
HaMMUUYeCcKOil KOMITOHOBKHM 3KpaHOIJIaHa 3aBUCUT €TI0
adpOJAUMHAMUYECKOE KauyeCcTBO, KOTOPOE OMpenesieT
9KCIUTyaTalMOHHYI0 3(p(DEKTUBHOCTh U SKOHOMUY-
HOCTb. Tak, Hammpumep, B padote [7] mpu CpaBHEHUU
JIBYX 3KpaHOTUIAHOB, pa3inyaroimmnxcst GopMoit Kpbl-
JIbeB B TJIaHE, ObUIO MOKAa3aHO, YTO IKPAHOIUIAH C
TPEyTroJIbHBIM KPBLUIOM I10 cxeMe Jlunmuiia odiamaeT
JIYYIIMMU a3POAMHAMUYECKUMHU XapaKTepUCTUKAMU,
YyeM dKpaHOIUIaH C MPSIMOYTOJIbHBIM KpblioM. Mc-
CJIeIYIOTCSI TakKe pa3MYHble BapUAHThI TEOMETPUU
KPbUIbEB BOJIM3U BOAHOM MOBEPXHOCTH, pas3inyaro-
LIMXCS YIJIAMU OTKJIOHEHUSI KOHLIEBBIX YacTeil Kpblia
U pacIIojIoXKeHeM KOHIIEBBIX IIali0 ¢ IoruiaBkamu [§].

CoznaHue 3KpaHOIIaHOB SIBSIETCS] aKTyaJabHOM
3a7ayeil, Tak Kak OHM CIOCOOHBI MepeaBUraThbCs Kak
MO BOJE, TaK MO Pa3JIMYHbIM MOBEPXHOCTSIM, TAKUM
Kak 3eMJIsl, CHET WJIM JIeJl, a TAKXKE MOTYT 0a3MpOBaThCs
Ha 3TUX MOBepXHOCTSX. [Ipu 3TOM MO CpaBHEHMIO C
BOJIHBIM TPAHCIIOPTOM OHU 00J1a1at0T 00JIee BEICOKOI
CKOPOCTBIO, a IO CPAaBHEHUIO C caMojieTaMUu — 00Jb-
LIMM a3pOIUHAMUYECKUM KauecTBOM [9]. OCHOBHOIA
Mpo0JIeMOli MPOEKTUPOBAHUS SKPAHOILJIAHOB OOBIYHO
cuMTaeTcs rpobiieMa obecneyeHrsI UX YyCTOMUMBOCTHU
u ynpasasemoctu [10—15].

ITpu M3yyeHUN 5KpaHOIJIaHOB B a3poJMHaAMUYe-
CKMX TpyOax BO3HMKAET psifi MPOOJIeM, CBSI3aHHBIX C
TeM, YTO HEOOXOOUMO KOPPEKTHO Oomucath 3PPeKT
BJIUSIHUS OJIM30CTU 3€MJIM C YYETOM JBMXKYILIETOCS
sKkpaHa. CyliecTByeT HECKOIBKO CIIOCOOOB 3KCIIEpU-
MEHTaJIbHOTO UCCICIOBAHUS ABUXKEHUSI TTPOhUIISI HAll
9KpaHOM B a3pOIMHAMUYECKUX TPyOaX: MOJAEIUPOBa-
HUe BKpaHa HeMOABUXKHOM CTEHKOI, UCITOIb30BaHUE
MeToj1a 3epKaJIbHOr0 OTOOpaXeHUs, METO/Ia MOJBUX-
HOIi cTeHKU. BO3MOXkeH Takxke 0TCoc 00pa3yolerocs
MOTPAaHUYHOTO CJIOS C IEPEMEHHBIM WJIM TTOCTOSIHHBIM
pacxonoMm 1o 3kpany [16].

OaHUM U3 TIyTeil COBEPIIEHCTBOBAHUS CUCTEMBbI
yIIpaBJeHUs SIBJSIETCSI MaTeMaTUYeCKOe MOJEIUPO-
BaHME IBMKEHUSI 9KpaHoIUIaHa. B HacTosIee BpeMsi
pa3BUTHE KOMIIBIOTEPHBIX MPOTPaMM U YHUCIEHHBIX
METOJ0B MCCJIEN0BAaHUS, UCITOJb3yEMbIX Ha 3Tare
MpeaBapuTeIbHOTO MPOEKTUPOBAHUS, TaeT HOBBIE
BO3MOXHOCTH B pelIeHUH 33]a4 10 CO3IaHUI0 dKpa-
HOTUIAHOB U UX COBEPIIIEHCTBOBaHUO [17—22].
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Mertonuka, 00beKT YHCIEHHBIX HCCIIETOBAHMIA
| YCJIOBHS pacyera

B manHOIf cTaThe ¢ UCITOTB30BAHMEM METOMA 3ep-
KaJbHBIX OTOOpakeHUil MPOBEAEHO YUCICHHOE HC-
cilemoBaHMe BIMSTHUS dKpaHa (3eMJ1) Ha 0OTeKaHue
npoduiisg kpbia NACA 5312 B cpaBHEHUHU C pe3yiibra-
TaMu dKCIepuMeHTa, a Takxke pacuet rnpodwis Clark
Y+ ¢ HEeOTKIOHEHHBIM 0,,, = 0 U OTKJIOHEHHBIM Ha
0,a¢ = 20° 3akpbUIKOM (puc. 1).

s pacueroB B mporpamMmme ANSYS ICEM 6b11mn
MTOCTPOEHBI paCYeTHBIC CTPYKTYPUPOBAHHBIE CETKHU
C TJIOCKOCTBIO CUMMETPUM Ha BBICOTE dKpaHa, co-
Jepxaniie okosio 1 MJIH situeek, u3 kotopbix 150 pac-
MOJIOXKEHBI 110 XOop/e Kpblia (puc. 2). PacueTsl ObIn
BBITIOJTHEHBI B CTAIIMOHAPHON MTOCTAaHOBKE 3aIadM.
Jns pa3pelieHus MOrpaHUYHOTIO CJIOs ObljIa co3MaHa
crieliMajbHas ceTKa TUTA 0-grid, TOCTpOeHHAsT 110
HOpMaJu K TOBEPXHOCTHU U COAEpKaIlias Mo BbICOTE
20 gueek. [Ipu mMomeaupoBaHUU 0OJACTU MO-
TPAHUYHOTO CJOS BbICOTA IEPBON sg4Yeil-
KW, BOJNM3M MOBEPXHOCTHU KpbIJa, BEIOMpanzach
TaKoii, YTOOBI MMOTPAHUYHBINA CIIOH BMECTU J0-
CTAaTOYHOE KOJMYECTBO SYeeK JUIST pacueTa Mpu-
CTeHOYHOM (YyHKIMU. 3HAUYeHHUE MapamMeTpa y+
B MEPBOM MPUCTEHOUHOM Yy3Jie Obuto y+ < 0,8.

Banupanus pacueTHBIX U 9KCMEPUMEHTATbHbBIX
JNaHHBIX MpoBeneHa Ha npoduie Kpbiia NACA 5312
B COOTBETCTBUU ¢ paboToii [23] (puc. 3).

B akcrmiepuMenTe, pe3ysIbTaThl KOTOPOTO CPABHM -
BaJIMCh C pe3yabTaTaMU YUCICHHBIX UCCIEIOBaAHUIA,
HCTIOTB30BAJICS METOI 3epKaTbHBIX OTOOpakeHUii. B
paboueii yacTu TpyObl 3epKaTbHO ObIN YCTAaHOBJICHBI
JIBe MOJIIEJTV KPbLIa: CBepXy OCHOBHOE (MCCIIeayeMoe)
KPBIJIO M CHM3Y BCIIOMoOraTejibHoe. B uncieHHOM
MCcCIeI0BaHUM OblIa MCITOJb30BaHa TIOCKOCTH
CUMMETPUU.

o
ey -

6

Puc. 1. PacuetHble mpoduan Kpblia:
a — npodunb NACA 5312;
6 — npocduns Clark ¥+, 8., = 0;
6 — nipocduns Clark Y+, d,,, = 20°

Puc. 2. PacueTtHas cetka Bosm3u npoduis Clark Y+:

a—098,,=0;6—08,, =20°

3aK 3aK

YucneHHble UCCIeNOBaHUs ObLIM IIPOBEIECHBI B
nporpamMmme ANSYS FLUENT ¢ monenbio TypOyeHT-
HocTH k— SST. PacueThl ObIIM BBITIOJIHEHBI JJIsI TPO-
duneit NACA 5312 u Clark Y+ ¢ onuHakoBOIi XOopaoi
npodunsg b = 0,4826 M, nipu TeMIieparype OKpyxa-
toueit cpensl T = 279 K, atMmochepHOM naBlieHUU
p = 85507 Ia, motHocTu p =1.068 xT/M>, cKOpOCTH

OCHOBHOE KpbINO Brok cnaiinepa

OCHOBHOW NOHXEPOH

KpuBOLWMNHbI NPUBOAHOM pe3bGoBOI CTEPKEHb /;

v

a

Z , OCHOBHOE KpbIno

X

BooGpaxaemoe kpbino

6

Puc. 3. DKciepuMeHTaIbHbIe U paCUeTHBIC MCCISTOBaHUS
NBYDXKEHUS TTpo It Kpblia BOIM3u 3emn [ 18]:
a — 9KCTiepUMEeHTAaJIbHas MOJIETb;
0 — pacueTHast MOJIENTb
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0

Puc. 4. Pe3ynbraThl BaIngaluym — 3aBUCUMOCTH
K03 ulIMeHTa TOIbEMHOM CUJIBI OT:
a — BBICOTBI HaJl 3KPaHOM; 6 — yIJia aTaku

HaOeratomero rmoroka V = 60,96 m/c, uncirax Maxa
M = 0,18 u Peitnonbaca Re = 1,8 - 10°.

PesyasraTbl pacuera

DKcrepuMeHTallbHble U pacUeTHbIE 3aBUCUMO-
CTU KO3 UILMEeHTa MOAbEMHON CUJIIBI OT BBICO-
Thl HaJ 3KPaHOM, BbIpAaXX€HHOU KakK OTHOIIEHUE
BBICOTHI Haj 3eMJieil K xopae npoduns H/b, no-
Ka3aHbl Ha puc. 4. 3aBUCUMOCTU KO3 PpuneHTa
MOJABbEMHON CUJIBI OT yIjla aTaku 0e3 BAUSIHUS
9KpaHa B CpPaBHEHUU CO cliydyaeMm OJiM3KOopacrno-
JIOXKEHHOTO 3KpaHa Ha pacctossHuu H/b = 0,1 no-
Ka3aHbl Ha puc. 4,0. Ilo cpaBHEHMIO C TaHHBIMU
pacueta B nnporpamme Panel Code, pacueT B npo-
rpamMme ANSYS FLUENT noka3zan mydiiee cooT-
BETCTBUE IKCIIEPUMEHTY. BuaHo, 4To yeMm Oauke
K 9KpaHy ABUXETCS MpOodUIb Kpbljia U UeM O0JIblle
ero yroJji aTaku, TeM 0oJibllle ero MmoabeMHas cuja.

ITo naHHOIt MeTOMKe pacueTa 1 ¢ TEMU XKe rpaHuY-
HBIMU YCJIOBUSIMU ObLIT paccuuTaH rnpoduib Clark Y+

—@— H/b=0.1
—@—  W30NMUPOBaHHbI NPOdUIb Kpbina

a

i -4 2 0 2 4 6 a®

a
Puc. 5. 3aBucumocTu ko3 GUIIMeHTa MTOIbeMHOI CUITBI
npoduisg Clark Y+ or yria ataku:

a — C HEOTKJIOHEHHBIM 3aKPBLIKOM d,,, = 0;

0 — C OTKJIOHEHHBIM 3aKPbUIKOM O, = 20°

C HEOTKJIOHEHHBIM 1 OTKJIOHEHHBIM BO B3JIETHOE M0~
JIOKEHME 3aKPbLIKOM. 3aBUCUMOCTHU KO3 puuneHTa
MMOABEMHOM CUJIBI TPOMWIIS OT yIJIa aTaKu TTOKa3aHbl
Ha puc. 5. BumHo, 9To maHHBIE O BIUSHAM dKpaHa Ha
noabeMHyto cuiy npoduis Clark Y+ ¢ HEOTKIIOHEH-
HBIM 3aKPBUIKOM (puc. 5,a) NomoOHbI 3KCIIePUMEH-
TanbHBIM JaHHBIM npoduiast NACA 5312 (puc. 4,0):
Ha TTOJIOKUTEIbHBIX yIVIaX aTaKh HamboJjiee CyIle-
CTBEHHO TIOABEMHAs CUJa YBEIMYMBACTCS BOIM3U
3eMJiu B 1uanaszoHe 4° < a < 10°: ee MakcuMaabHOE
yBeJIUYEeHUE 3a CYET OJIM30CTH dKpaHa COCTaBISET
okoJio 16%.

OtknoHeHue 3akpbuika npopuias Clark Y+ Bo
B3JIeTHOE ToJloXkeHue O,,, = 20° BOAM3M 3KpaHa
Y yBEJIMYECHUE TIPU OTOM YIJa aTaKyd CIIOCOOCTBYIOT
pOCTY TIOAbEMHOM cuibl (puc. 5,0). Tak, B tnama3oHe
yIaoB aTaku —2° < o < 6° mpupalleHre oabeMHOM
CHJTBI M3-3a OJTM30CTH 3eMJIM COCTaBIIsIeT okoio 19%.
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BoiBoab!

YucneHHble UCCeqOBAHUS BAUSHUS OJM30CTU
3eMJIM Ha Hecyllue cBoiicTBa npoduiieit NACA 5312
n Clark Y+, npoBeneHHbie B mporpamme ANSYS
FLUENT, npu xopol1ieM corjiacoBaHUU € 3KCMEpu-
MEHTAJIbHBIMI JaHHBIMM TMOKa3aJau, 4YTO Ha MOAb-
eMHYIO CIIy TIpO(GWIST OTHOBPEMEHHO OKa3bIBAIOT
BJAWSIHUE TaKue (akTopbl, KaK BbICOTA Hal 3eMJIeH,
yTOJI aTaKW, YroJ OTKJIOHEHUs 3aKpblika. Tak, Tpu
IBV>KEHUM BOJIM3M dKpaHa Ha pacctosiHuu 0,1b, mis
npoduis Clark Y+ ¢ HEOTKIIOHEHHBIM 3aKPBUIKOM
0.« = 0 mombeMHas cuiia yBeauuuBaeTcsa Ha 16%
B nuamnasoHe 4° < a < 10°. A npu OTKJIOHEHUM 3a-
KpbUIKa Ha 0,,, = 20° BOJIM3M 5KpaHa MOIbeMHasi CHJia
YBEJIMIMBACTCS B AMATIa30HE YIIIOB aTakn —2° < o < 6°1
cocTaBisieT okojio 19%.

BcrenctBue 3TOTO TIpY MTPOEKTUPOBAHUHT SKPaHO-
TJIAHOB JIJISI HAXOXKIEHUST ONTUMAIbHBIX YCIOBUI UX
JIBIDKEHUS] HY>KHO paccMaTpuBaTh WHTePdepeHITNIO
yacTeil KOHCTPYKIIMU U 9KpaHa COBMECTHO C YCIIOBU-
SIMU TIOJTETA.
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