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SOME CHARACTERISTICS OF NANOFIBER NANOPOROUS
MATERIALS

Abstract: The article presents the results of a study on the production of nanofibre anisotropic nanoporous
materials based on silk fibroin (FS) and Acrylonitrile Copolymer (Co-An) of nanofibers in the form of a thin material.
The dependence of the anisotropy, which characterizes the structural states of the obtained thin-layer polymeric
materials, on the deformation effects, their sorption and filtration properties has been studied. Wide possibilities of
using nanofiber nonwoven materials as nanofilters and the efficiency of the filtration process of nonwoven materials
with an increase in the size of their nanopores.
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HEKOTOPBIE XAPAKTEPUCTUKHN HAHOBOJIOKOHHBIX HAHOIIOPUCTBIX MATEPHUAJIOB

Annomayun: B cmamve npedcmasnieHvl pe3yibmamvl UCCIEO08AHULL NO NPOU3B00CMEY HAHOBOIOKOHHbIX
AHU30MPONHBIX HAHONOPUCBIX MAMEPUANO8 HA 0CHOge Gubpouna wenka (PLL) u conorumepa axpuroHumpuia
(Co-An) nanogonoxon 6 eude monkozo mamepuana. Mcciedosana 3a6Ucumocms aHu30mponuu, Xapaxmepusyroujell
CMPYKMYPHBIE COCMOSAHUSL NOLYYEHHbIX NOHKOCIOUHbIX NOIUMEPHLIX MAMEPUALOs, Om 0epopMayuOHHbIX
6030elicmeull, UX COPOYUOHHBIX U OUILMPAYUOHHBIX ceoticm. [Llupokue 603MOJ’CHOCMU UCHONL3I0BAHUS
HAHOBOJIOKOHHBIX HEMKAHbIX MAMepuailos 8 Kauecmee HanoQpuibmpos u 3¢hghekmusHocms npoyecca uivmpayuu
HEeMmKAHbIX MAMepuaios ¢ yseiuieHuem pasmepa ux HaHonop.

Knrouegvie cnosa: HaHo80I0KHO, HAHOMAMEPUA, POPMUPOBAHUE, NOAUMED, CHPYKMYPA, MeMnepamypd.

BBenenne Meton OCHOBaH Ha OCYIIECTBJICHHE IpEBpaIleHUs

JunamudHoe pasBuTHE COBPEMEHHOU «CTpPYsI-HAHOBOJIOKHO» B BO3IyXe MEXAy aHoAaa
HAHOHAYKM M HAHOTEXHOJIOTMH TECHO CBS3aHO CO (pusepa) no katoaa (6apaban miam 3KpaH). Beicokoe
CO3/JaHMEM HOBBIX HaHOMAaTepHajoOB, B YaCTHOCTH, HalpsDKeHue, II0/laBacéMee Ha aHoJ HE TOJIBKO
HAaHOBOJIOKOH  TIOJIMMEPOB ~ C  YHHKaJIbHBIMH BBITSTUBACT MOJIEKYJ TIOJIMMEPOB M3 CTPYH B
cBoiicteamu [1]. HanoBomokna ¢opmyror u3 HallpaBJICHHE  KaToJa, HO W  OCYLIECTBIAET
NPSAWIBHBIX PAacTBOPOB M PACIIaBOB ITOJIMMEPOB OpPHEHTALMOHHO-CKPY4YEHHOE
MyTeM BBITATMBAHUS J>KUAKOH CTPYyH IOCPEICTBOM CTPYKTYypOOOpa3oBaHHE MaKpoMOJeKysl B Qopme
CHJIBHOTO  JJIEKTPHYECKOTO TOJsI, T.€. METOA0M HaHOBOJIOKOH [31]. TexHudecku  TNpUHSATHE
anekrpoopMoBaHus  (dNEKTpOoCHUHHMHTA)  [2]. HAHOBOJIOKOH Ha CTallMOHAPHBIA JKpaH SBICTCA
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HOPOCTBIM, 4YTO  IO3BOJISET  HENMOCPEACTBEHHOM B menoM, yCOBEpPUICHCTBOBAaHME CHOCO0A
yKHa}lKI/I (bOpMI/IpyeMOFO HAHOBOJIOKHA Ha 3HeKTpOCl‘II/IHHI/IHra HAHOBOJIOKOH Ha ypOBHe
HOBerHOCTB 3KpaHa B BHUJC HCTKAHOT'O MaTepI/IaHa. HAHOTCXHOJIOTUU COBpeMeHHHX MaTepI/IaHOB, l‘Ipe)K}Ie
[Mpuuem,  monydeHHBI  HETKaHBI  MaTepHal BCEro, HAaHONOPHUCTHIX HETKaHbIX MAaTEpPHaOB Ha

XapaKTepPU3yeTCsl HAHOTIOPUCTOCTHIO [4].
XapaKTepuCTUKH HAHOBOJIOKOHHBIX HETKaHBIX
MaTepHaJoB M HMX HAHO IOPUCTOCTb BO MHOIOM
3aBUCHUT OT YCJIOBHH 3JIEKTPOCIIMHHUHTA M YKIAIKH
HAHOBOJIOKOH Ha TIOBEPXHOCTH dKpaHa — IIPUEMHHUKA
[5]. B oTomM OomnpmIoi WHTEpEC TpPEACTABISCT

MOJy4YeHHEe  HAHOBOJIOKOHHBIX  HAHOMOPHUCTHIX
HETKAaHBIX ~MaTepPHANOB HAa OCHOBE  MECTHBIX
OMOCOBMECTUMBIX  IOJUMEPOB, B  YaCTHOCTH,
(ubponna " LIETUTIOJIO3HI, BBIICJICHHBIX,

COOTBETCTBEHHO, U3 OTXOJOB MepepabOTKH KOKOHa
meJIKa U XJIOMMKOBOI'O ChIpbsA, HAIIPUMEP, JIUTHUHA.
HanoBomokHa  (QuOpoMHa  XapakTEpU3YIOTCI  C
BBIPaXCHHOHN OMO- aKTHMBHOCTBIO, KOTOPOH Hanboee
SAPKO MPOSBISAETCS. HAa I[IOBEPXHOCTHOM  CJIOH
HAHOMIOPUCTOrO HETKAHOTO MaTtepuana. BHyTpu
TaKMX MAaTepUaJOB HAHOBOJIOKHA HAXOJHUTCA B

NpPOU3BONBHO-YIUIOTHEHHOW  Qopme,  T.e. B
HEYIOPSATOYEHHOM COCTOSHUH [6].
B TakoM ciydae TpOCTpaHCTBA  MEXIY

HAHOBOJIOKHAMH OOpa30BaHHEIC MOPHI, HAHOIOPHI B
TOM 4HCJE, WMCIOT pa3iudHBle pa3Mepel |
pa3mepHocTH. [10CKONIBKY, HAHOBOJIOKHA ITPOSIBIISIOT
BBIPA)KEHHOW IMOBEPXHOCTHOM AKTHUBHOCTH, TO 3TO
ABJICHUC B TaKUX Pa3HOPA3MEPHBIX IIOpax H
HAHOIMOpaxX IPOSIBISIETCS PAa3IMYHON CTENEeHU, H
IJIABHOE B 3aBUCHUMOCTH OT (OPMBI M pa3Mepsbl
JAHHBIX [Op TPOXOIUT Yepe3 IMOpbl pa3lInuHbIC
KOJIMUeCTBAa  BEUIECTBA B ra3000pasHOM W
xKuakodasHoM  cocTosiHMM.  [IposiBieHME — TakMx
pa3HO00pa3HBIX CBOWCTB aKTUBHOCTH B
HAHOBOJIOKOHHBIX HETKaHBIX MaTepHaax
YCIIOKHSIOT TPOSIBIICHHE CBOMCTB XapaKTEPHBIX IS
HaHOMaTepuaia. Hampumep, TpH TPaAKTHIECKOM
MPUMEHEHUH HAHOBOJIOKOHHBIX  MAaTEpHaloB B
KayecTBE OMOAKTHUBHBIX ITOKPBITHH OTKPBITBHIX paH
OYCHb BaXHO HAJIUYME B HHUX HAHOIIOPhI C
OTIpe/ICTICHHBIMU pasmepamu, CIOCOOHBIMU
IpoIyKcaTh 4epe3 cebsi OonpeneseHHOro o0beMa
BelllecTBa, Bo3ayxa u T.11. [loaromy, 1ienecoodpazHo
MOJy4YeHHE HETKaHbIX MaTepHajoB, B KOTOPBIX
MOBEPXHOCTHBIM €O cocTos M3 OMOAKTHBHBIX
OMOCOBMECTUMBIX HAHOBOJIOKOH M BHYTPU OBLIH
HAHOIIOPBl C OMpEJCICHHBIMA pa3Mepamu. Takue
HAHOIIOPHCTHIE ~ HAHOMATEpHaibl,  OE3yCIOBHO,
HAaXOMAT MIMPOKOE TPAKTHIECKOE TIPHUMEHEHHE B
o0acTé MeIUIINHEI, (hapMaIeBTHKH, KOCMETOJIOTHH,
TEKCTHJIS, SKOJIOTHH | T.11 [7].

JUis  monmydeHHs — TakMX ~— HAHOMOPHCTBIX
MarepuaioB  HEO0OXOJMMO  YCOBEpIICHCTBOBAHUE
croco0a (yCTaHOBKHM M METO/a) 3JIEKTPOCIUHHHUHTA
CO CIelHaNbHBIM YCTPOHCTBOM NPHEMHHUKA (IKpaHa),
CIOCOOHOTI'0 OCYIIECTBIISITH PAaBHOMEPHON YKIIaIKU
HaHOBOJIOKOH C 00pa30BaHNEM OJHOTHUITHBIX HAHOIOP
B TI0JIy4a€MOM HETKaHOM MaTepHaile.

OCHOBE MECTHBIX MHOT'O TOHH&)KHBIX OHOITOJIMMEPOB
SIBJISIETCS BECbMa aKTyaJIbHBIM Hay4HBIM
HaIpaBJIeHUEM IIPUKIIAJHBIX HccaeqoBanuil [8].

BrLsiBIeHO, 4TO B 3aBHCHUMOCTH OT YCJIOBHH
(hopMOBaHUS MMOTYHIalOT HAHOBOJIOKHA C TOJIIMHON 5
- 500 nm, a TonmmKHA HETKAHOTO MaTephalia MOXKET
ObITH perymupoBana ot 10 mkm mo mecstkn mm. B
Cllyyae TMOJNUAICKTPOINTOB BBICOKOE HAIPSKCHHUE
CrocoOCTByeT JIOKAJIN3AITHIO MOOMITBHBIX
MOHOTEHHBIX TPYNIT MaKpOMOJICKYJI Ha IOBEPXHOCTH
HAaHOBOJIOKOH M B  pe3yjibTare IOJyYCHHbII
HAHOBOJIOKOHHBI HETKaHBIA Marepuaa o0jamaet
BBIPQ)KEHHOH IOBEPXHOCTHOM aKTUBHOCThIO [9].
Ocoboe  BHUMaHWE MPUBJIEKAET  CIEAYIOIIUE
MOMEHTHI: - ()OPMOBAaHHE HAHOBOJOKOH Ha OCHOBE
OouonosmmepoB (Harnpumep, GubponHa, KoJlareHa,
XHTO3aHa), COJIepIKaIIIX TIOJIOXKUTEIILHO
3apsDKEHHBIX aMUHHBIX TPYMIT MO3BOJISET IMOJIYYUThH
HETKaHble OaKTEpPHULUIHBIC MaTEpPHANbl, OCKOJIBKY,
aMHHHBIC  TPYNNBl  OJIOKMPYIOT — OTPHIATEIHHO
3apsDKeHHBIX Oakrtepumii. Takue Marepuanbl MOTYT
OBITh TIPIMEHEHBI B KadecTBE Omopas3iaraeMele
MEPEeBSI309YHBIE  CPEACTBA WM  TOKPBITHS TS
OTKpBITHIX paH [10]; - B caydae ¢opMoBaHUS
HaHOBOJIOKOH Ha OCHOBE MOHOT€HHBIX
OMOCOBMECTHMBIX  IIOJIMMEPOB, B  YaCTHOCTH,
COIOJIUMEpPA AKpUJIOHUTpPUIIA (AK:MA:UK)
MOJy4aloTCs HETKaHble MaTepHalbl C BBICOKOM
TMOKOCTBIO M BBIPAKEHHOH  HOBEPXHOCTHOM
AKTHBHOCTBIO, IPOSIBIISIIOIINE B3aUMOAEHCTBUS C
pasiMUHBIMM ~ BelIeCTBaMH. Takue  HETKaHbIe
MaTepuaibsl MOTYT OBITh MCIOJIB30BAHBI B KaUECTBE
BBICOK03(p(peKTHBHEIE HaHO(DUIBTPHI TUTS
ra3000pa3HbIX U XKUAKO(pa3HBIX BemecTB. cxons u3
3TOT0  HCCIEJOBAIN  IOBEPXHOCTHO-aKTHBHBIX
CBOMCTB HAHOBOJIOKOH Ha OCHOBE (prbponHa 1enka u
comoyiumepa akpuinoHuTpuia [11].

B kadecTBe 0OBEKTOB HCCICIOBAHUS BHIOpATH
BoJIOKOH (ubpoun menka (PIL), ouumenHoro or
CepUlIMHA M JKMPOBOCKOB, a TaKXe BOJIOKOH
COIOoaUMEPa AKpUWIOHUTpUIIA (Co-AH),
npousBeaenHoro B OAO «HaBouazor». BomnokHa
OII pactopsutu B 50 % CaCl, B uensx uckirodeHus
BO3MOJKHBIX JECTpYKIMH Lenei. [lanee, nmpoBoaniu
muamm3 npotuB uoHoB CaCly, u  momydeHHbIH
ITOPOIIOK amMop(pHU3UPOBaHHOTO (ubponHa
pactBopsiii B MypaBbuHOW Kucinote (HCOOH).
OneITBl  TOKa3amw, dro  pactBopel  DII ¢
konHnenrpauueit C =5 — 20 % 8 HCOOH npuroasst
JUIsl TIOJTy4eHHs] HAaHOBOJIOKOH ¢ Toiuuaoi 100-300
NM METOAOM 3JIEKTPOCIIMHHUHTA TIPH HANPSHKEHUH 3
-6 kV/em.

[MpsiannbHbIe pacTBOpH! co-AH npuroroBuin B
IM®A ¢ C=5-10% B IM®A. BrIsiBieHO, 4TO NpU
TAKOM K€ Juana3oHe HampspkeHus 3 - 6 kV/em
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(opMupyroTcs  HaHOBOJIOKOH  co-AH, omHako JKUAKOCTEH, dIIeKTpoocMoca C-TIOTEHIMAaNa, a TaKKe

TOJII[MUHA HAHOBOJOKOH IPU OSTOM KoJieOneTcs B
uaTepsaie 50 - 500 nm.

ITpu 3TOM OBUTIO OYEBHIHO KOHIICHTPUPOBAHHUE
HMOHOI'CHHBIX TI'PYIIIT MaKpOMOJICKYJ Ha IMOBEPXHOCTU
HAaHOBOJIOKOH, CJIE/IOBATEIHHO, MIPOSIBJICHNE
BBIPXXCHHBIX OBEPXHOCTHO-aKTUBHBIX CBOMCTB HMX
IpU  KOHTAKTE  COCTAaBISIOIMMH  (aTroMamw,
MOJIEKyJIaMH, HWOHAaMHM, YacTHIIAMH) OKpY’KaromeH
cpensl.  Takue ~ OCOOGHHOCTH  HAHOBOJIOKOH
UCCIICNOBANI  METONAMH  (M3MYECKOH XHMHH, B
YaCTHOCTH, COpOIMH TapoB, HAHOQWIBTPALNU

CopOuust, %

HCTBITATN B Ka4eCTBE OMOMOKPHITHS [12].

Copoyuu napog. OTbBITEI TPOBOAWIM Ha
BBICOKOBAaKYyMHOH  YCTaHOBKE C  PTYTHBIMH
3aTBOpaMHU M KBapueBbIMU BecaMu Mak-bana mpu 298
K u ocratounom gasnenuu Bosgyxa 103-10" Ila. B
KauecTBe copbaTa BHIOpanM JTaHONA W  BOJBIL
[Homyunnu  TunmuHble  S-00pa3HbIE  H30TEPMEI
copO1mM, KOTOpble NpHUBEINCHBI Ha puc.l B BHIE
3aBHCUMOCTH  TOKazatens copbuun  (X/m) ot
OTHOCHUTENBHOHN BiaxkHOCTH (P/P,) 111 HAHOBOJIOKOH
¢ubponna n Co-AH.

——1

—e—2

40

60 80
P/P, %

100

Puc. 1. U30Tepmbl copouium napos 3tanoa (1, 2) u Boasl (1', 2") 11 Hanososiokon @I (1, 1') u co-AH (2, 2°).

BuaHo, YTO  HAaHOBOJIOKOHHBIE  OOpa3IlbI
CPaBHHTENIFHO OO0JIbILIE COPOUPYIOT NApOB BOJBI, YEM
stanona. Ilpmuem, Takoe SIBIEHHE 3aMETHO spue
mposiBisieTcss B cimydae obOpasma ODII.  TanHoe
pa3nuyuue M0-BUANMOMY, OOYCIIOBIEHO C IUIOTHOM
YHOaKOBKOH THOKOLENHBIX MoJeKynl co-AH mo
CPaBHEHMIO IKECTKOLIETIHBIX Mojekyn @II B
HAHOBOJIOKHAX. A TaKKe HAJMYUEM CPABHUTEIBHO
0OoNBPIIMX KOMUYECTBAX THUAPO(UIBHBIX TPyHI B
uensix OII. [MogoOHble pa3znuuus 0OHAPYKUIIU TPH
pacuere KamWUIAPHO-TIOPUCTBIX M CTPYKTYPHBIX
nokasaresnen HaHOBOJIOKOH, a HMMEHHO,
copO1oHHOTr0 00BeMa (Xm), YACTHHOW MOBEPXHOCTH
(Sy0), cymmapuoro o6vema mop (W,), cpenHero

paauyca nop (r) HAHOBOJIOKOH MPHBECHHI B Ta0I. 1.
BuaHo, 4ro 3HaueHWe mOKa3aTened CPaBHUTEIBHO
HU3KOE B Cllydae MapoB 3TaHOJA, YeM BOZBI KaK I
co-AH, taxk m mmg OII. 3ameTHO 3aBEHMICHHOE
3HadeHne B ciaydae @I, T.e. Oompimme 0ObeMBI TIOP
00yCTIOBTICHI HaNMYHEM B MOJEKyJlax (uOponHa
KPYHNHBIX ~ AMHHOKHCIIOTHBIX  OCTaTKOB  THIIA
aCMapruHOBBIX M TIYTAMHUHOBBIX, KOTOpBIE HE
YKIIQIBIBAIOTCS KaK B O-CHHPaJbHBIX, TaKk U B [3-
CTPYKTYPHBIX (pOopMax JaHHOro Oejka B BOJIOKHaX.
TeM He MHEHHE pajMyChl IOP JIOCTATOYHO OOJIBIINE
JUISl IPOHUKHOBEHHUS aTOMOB U HE OOJIBIINX MOJIEKYJT
B 00beM HaHOBOJIOKOH [13].

Tabauna 1. KanuiasipHo-nopucTeie U CTPYKTYPHbIE IOKA3aTeJIM HAHOBOJIOKOH

[ Co-AH o1 Co-AH
Oopasery
DTaHon Bona
Xm 9/9 0,0045 | 0,0041 | 0,0054 0,0052
Sy, M?/g 14,72 12,91 23,04 18,33
Wo, cm®/g 0,028 0,020 0,042 0,037
re, A 38,27 31,41 45,26 36,55
Takum 00pa3oM, W3 TONYYEHHBIX PE3yIbTAaTOB coxpaHsisi cBon (opMel Ge3  CyIIeCTBEHHBIX
cienytoT, uro HaHoBoJiokHa PIII u co-AH saBusroTcs nehopManoOHHBIX U3MeHeHwui [ 14].
HaHOMAaTEepPHAJIOB, CIOCOOHBIX COPOMpPOBATH IMapoB Hanodunempayun. be3yclioBHO, HETKaHbIC
aToMOB M MOIEKYJ ¢ pasMepamu He Goiee 30-40 A HaHOIIOPHUCTHIE MaTepHabl Ha OCHOBE

MMOBEPXHOCTHO-AKTUBHBIX HAHOBOJIOKOH MPOABJIAIOT
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crienupuIecKue B3aUMOJCHCTBHS ¢ ra3000pa3HbIMH
u )KI/I]IKO(baElHBIMI/I BCHICCTBAMM, 1 MOT'YT CCJICKTHUBHO
(huKCcHpOBaTh WM yAEPKaThb HMX COCTaBISAIOMINX B
3aBUCUMOCTU OT XMMMYECKOH MPUPOJbI, CTPOCHUS U
pa3mepHocTH. Takasi CeleKTUBHOCTh Haubolee sSpKo
MIPOSIBIISIETCSI, KOT/Ia Yepe3 MOBEPXHOCTHO-aKTHBHBIH
HaAHOIIOPHCTBIN MaTepual POITyCKaeTCsl KOJJIOU IHAas
1 MOJICKYJIIPHO-JIUCIIEPCHAs CUCTEMA.

3710 00yCIOBIMBAIO MPOBEICHUS HACTOSIIEIO
ONBITA B LeNSIX BbIABICHHA 3((PEKTHBHOCTH
HAHOBOJIOKOHHOTO HAHOIIOPHCTOrO MaTepuaia co-
AH B xadecTBe HaHODWIBTPA, IPOITYCKas Yepe3 HeTo
0TpabOTaHHOTO MAalIMHHOTO Macja, COJepIKallero
MHKpPO- W HaHOpa3MepHbIX dvacTHL. [Ipuuem,
MAalInHHOEC Maciio SIBJIACTCA XUMHUYCCKN
HENTpaJIbHBIM OTHOCHTEIBHO HAHOBOJIOKOH co-AH.
OTO Jfano JONOJHUTENbHAss BO3MOXXHOCTH IS
MPOBEJICHUSI CPABHUTENIBHBIX  OINBITOB  00pa3lloB
HeTKaHoro Marepuana co-AH, paznuuarommxcs 1o
paszmepam nop: 50, 100, 300 nm. IIpu 3ToM TOMNIIKMHA
HETKaHOro Marepuaia coctaBisiia dy, = 0,5 mm.

HUccnenoBanue HPOBOIHIIH CIIETYIOLIIUM
obpazom, T.e. dYepe3 HaHOGWIBTP Maccod (My),
HaxOAIIUIACS B JUIMTEIFHOM BOPOHKE, HPOITYCKaIN

0.8 1
0.6

0.4

my,=100 ml orpaGoTaHHOrO MaNIMHHOIO Macla,
HMEIOIIero KOpHYHeBoro IBera. Ha BeIxozme, T.e.
nocJe MpOTeKaHHUs Macio 4epe3 HaHO(UIBTP UMEIIo
CBETJIO-)KENTHIN [IBET M Macca ero yMeHbIazach (M;),
T.e. OINpeaeNeHHas 4YacTb Macchl (IM,) M3 cocTaBa
ylepKanach Ha HaHO(MIBTpE. 910
CBHUJICTEIBCTBOBAJIO O NPOTEKaHWW (HIBTPALUH
MacJja, KOTopasi IpoTeKaJla HHTEHCHBHO B TedeHue 60
-80 min. Ilpu 3TOM 3b(PEKTHBHOCTH (UILTPALMU
CYyAWJIIM TI0 OTHOIICHWIO Mi/M, 1o BpemeHnu (t)
HaOMIOEHNUS], TTOCTPOUB TpadKH, HPEICTABICHHbIC
Ha puc.2. BugHo, 9TO mpomecc GuIbTpanuyd HOCHT
KUHETHYECKHHA XapakTep, T.6. C YBEIHYCHHUEM
BPEMEHH M Pa3MEpOB HAHOIOP Macca MPOIyKTa
¢unpTpanuu (M;) NOBbIIIAETCS MOHOTOHHO 110 60-80
min, nanee crabunusyercs. [IpudeM, yMeHbIleHUE
pa3MepoB Mopsl HaHOMUIIBTPA CHOCOOCTBYET POCTY
3 QEeKTUBHOCTH ynepKaHus NpuMeced. BrisBieHo,
YTO CTENEHb OYUCTKU OTPabOTAaHHOI'O MAIIMHHOTO
Macja MpH TPONYCKaHWW 4epe3 HaHOQWIBTPHI Oe3
BCSIKMX BHEIIHUX JABJICHWH WM Je(OpPMAIMOHHBIX
BO3JCHCTBUII COCTABISET MPUMEPHO 25 % B ciaydae
ucronp30BaHus HaHomopsl 80 nm, moutu 65 % B
ciayyae HaHonopsl 50 nm.

—=— 3
T

—— 1

0 T
0 20

40

60 80

t min

Puc.2. 3aBucMMOCTH OTHOCHTEIbHOI M3MeHeHns1 Macchl (M) oT BpeMeHH (1) NpH MPONycKaHUH MAIINHHOIO
MacJjia yepe3 HaHOPUILTPLI Co-AH ¢ pa3jiMYHBIMU pa3MepaMu nop:
1-50nm, 2-100 nm, 3-300 nm.

OTO0 B MNpUHIUIE XOpOIIeH pe3ynabTaT i

pEeKOMEHAALNU HAHOBOJIOKOHHOTO HETKaHOTO
HaHOMOpHUCTOro Marepuasna Ha ocHoBe Co-AH Ha
MPaKTUYECKOE MIPUMEHEHHE B Ka4yecTBe
HAaHO(WIBTPOB.

Dnexkmpoocmoc. BsaumonetictBue
MTOBEPXHOCTHO-aKTHBHBIX HaHOBOJOKOHHBIX
HETKaHBIX MAaTEepPHaIOB C HOHAMH  METaJIOB

HCCIIEIOBAJIN C TOMOINBI0O METO/a 3JIEKTPOOCMOCca
[15]. IIpu 5TOM B KaueCcTBE HAHONIOPUCTOU MeMOpaHbI
UCIIOJI30BaNN HAHOBOJIOKOHHOTO HETKaHOTO
marepuaia Ha ocHoBe DII wu nonBuxHOU
JMcrepcHoi ¢asbl BogHoro pacteopa CuSOs (2%).
Omnpenensnu 3Ha4YEHUS C-noTeHMana,
XapaKTEePU3YIOIIETO YCTOWUNBOCTA B3aUMOICUCTBUS
MOHOB ¢ (PyHKIIMOHAILHBIMHU I'PYIIIIaMU HAHOBOJIOKOH

NP TepeMEeIIeHNH JUCIEPCHOM cpenasl  depes
MeMOpaHbl TIOA JEHCTBHEM IOCTOSHHOTO TOKa
(puc.3.). BrianeHo, uto 3HayeHHe C-TIOTEHIMANA
nopbimiaercs or 40 mo 80 mV  mpu  pocte
koHueHrpauun CuSO4 ot 0,5 1m0 2 %. [danHble
pe3ysbTaThl  CBHUAETENLCTBYET 00 YCTOHYMBOCTH
B3aUMO/ICHCTBUI1 HOHOB C 3JIEMEHTaMU HAHOBOJIOKOH
W3-32 IMOBEPXHOCTHOH  aKTHBHOCTH  HETKaHOTO
Marepuana.

Takum 00pa3oM, pe3ysbTaThl NOKa3bIBAIOT, YTO
Ha OCHOBEe (UOpPOMHa BO3MOXHO IIONyYEHHE
HAHOBOJIOKOHHBIX ~ HETKaHBIX  MAarepHaloB ¢
[IOBEPXHOCTHO-aKTHBHBIMU CBOHCTBAMH, 1OCTATOYHO
YCTOWUYMBO B3aUMOZCHUCTBYIOLIUE U YJEPKUBAIOLLNE
HMOHOB METAJUIOB B ANCIEPCHBIX Cpefiax.
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Puc.3. 3aBucuMocTh 3HaYeHHs1 {-ToTeHIMaNa 0T KoHIeHTpanun (C) pacrBopa CuSO4 nas
HAHOBOJIOKOHHOI'0 HETKAHOT0 MaTepHasia Ha ocHoBe DIII.

Hanoeonokonnvie Ouonoxkpelmus.
IToBepXHOCTHO-aKTUBHBIC HETKAHBIX MaTepHaibl Ha
ocHoBe Co-AH sBnsieTcsi OHOCOBMECTHMBIM, a Ha
ocaoBe DIl He TOIBKO OMOCOBMECTHMBIM, HO H
OMOAaKTUBHBIM. ~ JTO  MOPEACTABISIIO  HHTEpEC
MPOBEJCHUSI MEIUKO-OHOIOTUYECKUX HCIBITAaHUH,
HanpuMep, B KA4eCTBE MOKPBITHS OTKPBITHIX paH. J{jist
9TOr0 W3 HAHOBOJOKOHHBIX MarepuaioB Co-AH u
@Il mapesanu KBafpaTUKM ¢ pasMepamu 2x2 cm? u

COTJIaCHO [16] MIPOBOTVITH CTEPUITU3AIIU
MOCPE/ICTBOM 3THIIOBOTO crupTa. Jlanee, B MeIHUKO-
OuosoruyeckoM  J1abOpaTOPHOM  YCJIOBMU — Ha
IIOBEPXHOCTb OTKPBITBIX DPAH y KPBIC HAIOXKUIU
KBaJ[pATUKOB U  (PUKCHPOBAIM HUX C KpacB
MIOCPE/ICTBOM ITaCTHIPOB. CpaBHHTEBHEIC
HAONIONCHUST 3a 32)XHWBICHHEM paH MPOBOIWIA B

MPOYMX PABHBIX YCIOBHUSIX C HCIIOJNB30BAHUEM JUIS
Kaxmoro oOpasma HaHomarepuaioB 1o 10 Kprwic B
Teuenue 30 gHEi.

PesympraTel HaOmMIOAeHWS OOHAPYXHIIHM, YTO
32KUBJICHUE OTKPBITHIX PaH B CITydae NCTIOIb30BAaHMUS
OMOaKTUBHBIX HaHOMATEPHAaJIOB MIPOTEKAIIO
3HAUYUTEIHHO MHTEHCHUBHEE, YeM OHOCOBMECTHMOTO
obpasa. buoaktuBHbIE HAHOIIOKPBITHS
Croco0OCTBOBAIH MPaKTUYECKU MOJTHOMY
3KMUBJICHUIO paH B TeueHue 14 cyTok, Torga Kak
32)KUBJICHUEC paH MpH OHOCOBMECTUMOM 00pasiie
npojokanoch 10 21 cytok. B koHLe 3a)KuBIEHUS
paH HaHOMaTepHAIbHBIC MOKPBITUS OTHAmaId 0e3
BCAKHUX JIOMOJHUTENbHBIX yeunui [17]. OrnenuBiune
OT paH HaHOMAaTepHaNbl OBUIM aHAM3UPOBAHBI Ha
mpeaMeT COXpPaHHOCTH CTPYKTYPBHI.
[onspu3anMOHHO-ONTHYECKHE W DJIEKTPOHHO-
MHUKPOCKOTIMYECKHE HAONMIOACHUS IOKa3ajld, YTO B
[[EJIOM HAHOBOJOKOHHBIE CTPYKTYphl —00pa3sIoB
coxpanuiuch. KoHTposibHBIE  HaOMIOACHHWS 32
(HDU3UYECKUM U MEIMKO-OUOIOTUICCKUM COCTOSHUCM
3QKUBJICHHBIX YYacTKOB KpPBIC, MPOBEACHHBIC B

TEYEHHE TPEX MECSI] He XapaKTePH30BATUCH C KAKHUM-
1100 Cepbe3HBIM CTPYKTYpPHBIM n3MeHeHueM [ 18].

TakuM 00pa3oM, UCTIBITAHUS HAHOBOJIOKOHHBIX
MaTepHaloB Co-AH u OII I0Ka3alu
MPUHINIHATBHOW BO3MOXKHOCTH WX NPUMEHEHHS B
KauecTBE NOKpPBITHUII OTKpBITHIX paH. Ha ocHoBe
MIPOBEJCHHBIX HCCIEIOBaHUH I[OKAa3aHO, YTO Ha
OocHOBe  (ubOpomHa 1IeNKa W CONOJMMEpa
AKPWIOHUTPWIIA, HMMEIOMMXCS  (PyHKIMOHAIBHO-
AKTHBHBIX rpymn BO3MOXKHO MOTy4€HHE
HaHOBOJIOKOHHBIC HCTKAaHBbIC MaTepualibl C
BbIpAXKCHHBIMU MMOBEPXHOCTHO-AaKTUBHBIMU
cBoiictBamu. McccenenoBanre TaHHBIX MaTeprasioB Ha
MPEAMET BBISBICHHS COPOLMOHHBIX XapaKTEPUCTHK,
GUIBTPYIOMNX CIIOCOOHOCTEH,
IIEKTPOKMHETHYECKUX YCTOWYNBOCTEH,
OMOAaKTUBHBIX ITOKPBITHH Jalll IIOJIOKUTEJIBHBIE
pe3ynbTaThl, HA OCHOBE KOTOPHIX Ha IOCIEIYIOIIEM
JTane BO3MOXKHA pa3pabOTKM HAaHOMATEpHAaJOB CO
crenuaabHbBIMU cBoiicTBamu [19].

3AKJIFOYEHUE

OmnpeneneHbl HEKOTOPbIe (PHU3NKO-XUMHUUECKHE
i MEIUKO-OMOIOrHYECKHE XapaKTePUCTUKU
HAHOBOJIOKOHHBIX HaHOHOpI/ICTbIX HCTKAaHBbIX
MaTepUAJIOB, HEOOXOAMMBIC JUISl MPAKTHYECKOrO
MpUMEHEHHS. B 4acTHOCTH, BEISIBIICHBI COPOIIMOHHBIC
XapaKTepUCTUKH,  (QUWIBTPYIOIIHE  CIIOCOOHOCTH,
JIEKTPOKUHETUYECKUE  YCTOMUMBOCTH,  KOTOPBIE
AMEI0  BaXHBIC 3HAYCHWS Ui Pa3pabOTKH
HaHOBOJIOKOHHBIX HETKAHBIX MaTepHAJIOB.
[loBpIIeHHOE  3HAYCHHWE  DJICKTPOKHHETHIECKOTO
norexana suimre =30 MB moka3zano crabMIbHOCTE 1
YCTOMUYUBOCTH B3aMOJACHCTBUSA HETKaHBIX
aHWU30TPOIMHBIX MATEPUAIOB C MOHAMH DJIEKTPOJIUTA.
CO CIIELIMAIbHBIMU CBOMCTBaAMHU.
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Abstract: The results of the computer calculation of air flow around the airfoils having the names beginning
with the letter M are presented in the article. The contours of pressure distribution on the surfaces of the airfoils at
the angles of attack of 0, 15 and -15 degrees in conditions of the subsonic airplane flight speed were obtained.
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Introduction

Creating reference materials that determine the
most accurate pressure distribution on the airfoil
surfaces is an actual task of the airplane aerodynamics.

Materials and methods

The study of air flow around the airfoils was
carried out in a two-dimensional formulation by
means of the computer calculation in the Comsol
Multiphysics program. The airfoils in the cross section
were taken as objects of research [1-28]. In this work,

the airfoils having the names beginning with the letter
M were adopted. Air flow around the airfoils was
carried out at the angles of attack (a) of 0, 15 and -15
degrees. Flight speed of the airplane in each case was
subsonic. The airplane flight in the atmosphere was
carried out under normal weather conditions. The
geometric characteristics of the studied airfoils are
presented in the Table 1. The geometric shapes of the
airfoils in the cross section are presented in the Table
2.

Table 1. The geometric characteristics of the airfoils.

Leading Trailing
Airfoil name Max. thickness Max. camber edge edge
radius thickness
12.84% at 33.2% of the 5.16% at 33.2% of the
M06-13-1 chord chord 0.982% 0.015%
9.59% at 31.0% of the 2.98% at 47.0% of the 0 0
M3 - HB396 chord chord 0.4853% 0.0%
7.81% at 30.0% of the 1.44% at 30.0% of the
0, 0 0
M6 (65%) chord chord 0.4573% 0.0%
10.21% at 30.0% of the 1.88% at 30.0% of the
0, 0 0
M6 (85%) chord chord 0.9315% 0.0%
.. 6.79% at 25.0% of the 4.31% at 40.0% of the 0 0
MA409 (original) chord chord 0.6961% 0.07%
6.69% at 23.8% of the 3.33% at 49.3% of the 0 0
MA409 (smoothed) chord chord 0.4323% 0.07%
11.53% at 20.0% of the 7.05% at 40.0% of the 0 0
Marquardt chord chord 1.923% 0.0%
Marsden 27.88% at 31.6% of the 9.61% at 34.5% of the 7 7426% 0.0%
chord chord ) 0 S0
MARSKE MONARCH 12.22% at 20.0% of the 3.38% at 15.0% of the 1.9108% 0.0%
chord chord ) 0 S0
MARSKE PIONEER IA 12.05% at 25.0% of the 2.69% at 15.0% of the 1.7183% 0.0%
chord chord ) )
MARSKE PIONEER 12.06% at 30.0% of the 2.76% at 15.0% of the
1.5706% 0.0%
11D ROOT chord chord
MARSKE PIONEER 10.19% at 20.0% of the 2.82% at 15.0% of the 1 4576% 0.0%
IID TIP chord chord ) 0 =70
13.99% at 24.9% of the 3.03% at 24.9% of the
MARSKE XM-1D chord chord 2.357% 0.0%
0, 0,
Martin M 1 8.8% atCSh%?d/o of the 0.0% at 0.0% of the chord 0.8135% 0.0%
6.0% at 20.0% of the 8.3% at 40.0% of the 0 0
MATWIES6 chord chord 2.7985% 0.3%
MB253515 14.96% at 35.0% of the 2.43% at 37.5% of the 1,429 0.0%
chord chord ) )
MB253515 15,0% 14.96% at 35.0% of the 2.43% at 37.5% of the 1.42% 0.0%
smoothed chord chord ) )
MB303515 14.96% at 35.0% of the 2.98% at 35.0% of the 1 65% 0.38%
chord chord 0070 070
mb7136 7.04% at 26.1% of the 1.22% at 38.4% of the 0.4918% 0.048%
chord chord ) )
0, 0, 0, 0,
mb714 7.0% atczh%rldﬂ) of the 1.45% atcﬁgéﬂ) of the 0.5224% 0.0477%
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0, 0, 0, 0,
mc813 8.0% at 25.8% of the 1.35% at 39.4% of the 0.4826% 0.0482%
chord chord
0, 0, 0, 0,
mds135 8.01% at 28.8% of the 1.37% at 38.5% of the 0.4021% 0.047%
chord chord
0, 0, 0, 0,
mds14 8.0% at 26.3% of the 1.45% at 38.5% of the 0.4461% 0.0464%
chord chord
0, 0, 0, 0
MEG 59 10.95% at 30.0% of the 4.69% at 50.0% of the 11117% 0.0%
chord chord
0, 0, 0, 0
MEG 62-63137 13.68% at 30.0% of the 5.86% at 50.0% of the 1.5737% 0.0%
chord chord
0 0 0, 0
MEG 64 7.91% at 40.0% of the 2.55% at 20.0% of the 0.5884% 0.0%
chord chord
0 0 0, 0
MEG 66 9.71% at 40.0% of the 3.11% at 40.0% of the 0.5686% 0.0%
chord chord
0, 0, 0, 0,
MEG 69-012 11.92% at 40.0% of the 0.05% at 70.0% of the 1.5272% 0.0%
chord chord
10.0% at 30.0% of the 4.41% at 50.0% of the
MEG-197 chord chord 0.9064% 0.0%
8.67% at 30.2% of the 2.0% at 35.2% of the
MG 08 chord chord 0.5949% 0.0%
0, 0,
MGO5 9.0% atfh%: dA’ ofthe | 4 006 at 0.0% of the chord | 0.4237% 0.0%
0, 0, 0, 0,
MGO6 7.37% at 22.4% of the 1.94% at 31.8% of the 0.4307% 0.0%
chord chord
0, 0, 0, 0,
MH 102 17.0% at 27.7% of the 2.9% at 37.6% of the 2 006% 0.0%
chord chord
0, 0, 0, 0,
MH 104 15.24% at 26.4% of the 1.92% at 31.0% of the 1.2786% 0.0%
chord chord
0, 0, 0, 0,
MH 106 13.08% at 27.3% of the 0.92% at 27.3% of the 1.0054% 0.0%
chord chord
0, 0, 0, 0,
MH 108 11.97% at 22.8% of the 1.05% at 18.7% of the 1.0607% 0.0%
chord chord
0, 0, 0, 0,
MH 110 10.02% at 23.9% of the 1.07% at 15.8% of the 0.7333% 0.0%
chord chord
0, 0, 0, 0
MH 112 16.23% at 26.9% of the 7.16% at 48.8% of the 2 8472% 0.0%
chord chord
0, 0, 0, 0
MH 113 14.63% at 27.5% of the 6.86% at 49.4% of the 1.7997% 0.0%
chord chord
0, 0, 0, 0
MH 114 13.04% at 28.1% of the 6.51% at 50.0% of the 1.1733% 0.0%
chord chord
0, 0, 0, 0,
MH 115 11.07% at 29.8% of the 5.51% at 46.0% of the 1.1499% 0.0%
chord chord
0, 0, 0, 0,
MH 116 9.85% at 32.4% of the 4.03% at 48.5% of the 0.7086% 0.0%
chord chord
0, 0, 0, 0,
MH 117 9.81% at 29.1% of the 2.69% at 44.6% of the 0.7948% 0.0%
chord chord
0, 0, 0, 0,
MH 18 11.12% at 36.8% of the 2.77% at 36.8% of the 0.6678% 0.0%
chord chord
0, 0, 0, 0,
MH 18 11,14% 11.12% at 36.8% of the 2.77% at 36.8% of the 0.6678% 0.0%
chord chord
0, 0, 0, 0,
MH 18B 11.73% at 39.6% of the 1.95% at 39.6% of the 0.7392% 0.0%
chord chord
0, 0, 0, 0,
MH 20 9.01% at 32.2% of the 2.0% at 32.3% of the 0.6162% 0.0%
chord chord
0, 0, 0, 0,
MH 20 9,02% 9.01% at 32.2% of the 2.0% at 37.3% of the 0.6162% 0.0%
chord chord
0, 0, 0, 0,
MH 22 7.2% at 27.0% of the 1.77% at 37.0% of the 0.5245% 0.0%
chord chord
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0, 0, 0, 0,
MH 22 7.21% 7.2% at 27.0% of the 1.77% at 37.0% of the 0.5245% 0.0%
chord chord
0, 0, 0, 0,
MH 22-Mod.3 8.31% at 23.7% of the 1.6% at 27.9% of the 0.629% 0.0%
chord chord
0, 0, 0, 0,
MH 23 8.0% at 37.5% of the 1.24% at 37.5% of the 0.5601% 0.0%
chord chord
0, 0 0 0
MH 24 9.0% at 37.2% of the 1.27% at 37.2% of the 0.5988% 0.0%
chord chord
0 0 0, 0
MH 25 9.97% at 42.2% of the 1.42% at 37.1% of the 0.6179% 0.0%
chord chord
0, 0, 0 0
MH 26 10.98% at 42.3% of the 1.47% at 42.3% of the 0.6642% 0.0%
chord chord
0, 0, 0, 0
MH 27 11.98% at 42.4% of the 1.46% at 42.4% of the 0.7217% 0.0%
chord chord
0, 0, 0, 0,
MH 30 7.82% at 31.0% of the 1.71% at 46.4% of the 0.3675% 0.0%
chord chord
7.98% at 26.9% of the 1.16% at 36.7% of the
MH 31 chord chord 0.4065% 0.0%
8.71% at 30.2% of the 2.36% at 40.4% of the
MH 32 chord chord 0.5978% 0.0%
0, 0, 0, 0,
MH 33 7.25% at 26.9% of the 1.09% at 41.8% of the 0.2066% 0.0%
chord chord
0, 0, 0, 0,
MH 34 8.5% at 31.7% of the 1.12% at 41.8% of the 0.2864% 0.0%
chord chord
0, 0, 0, 0,
MH 42 9.02% at 30.9% of the 2.09% at 35.9% of the 0.4615% 0.0%
chord chord
0, 0, 0, 0,
MH 42 8.94% 8.91% at 31.3% of the 1.84% at 36.3% of the 0.6285% 0.0%
chord chord
0, 0, 0, 0,
MH 43 8.48% at 31.4% of the 1.72% at 36.4% of the 0.4127% 0.0%
chord chord
0, 0, 0, 0,
MH 43 8,5% 8.48% at 31.4% of the 1.72% at 36.4% of the 0.6073% 0.0%
chord chord
0, 0, 0, 0,
MH 44 9.66% at 27.1% of the 1.48% at 36.9% of the 0.7889% 0.0%
chord chord
0 0 0, 0
MH 45 9.84% at 26.9% of the 1.64% at 36.6% of the 0.6074% 0.0%
chord chord
0, 0, 0, 0
MH 46 11.34% at 27.2% of the 1.86% at 37.0% of the 1.0004% 0.0%
chord chord
0, 0, 0, 0,
MH 49 10.49% at 28.8% of the 0.7% at 33.6% of the 0.7512% 0.0%
chord chord
0, 0, 0, 0,
MH 60 10.07% at 26.9% of the 1.76% at 36.6% of the 0.5939% 0.0%
chord chord
0, 0, 0, 0,
MH 60 10,08% 10.07% at 26.9% of the 1.76% at 36.6% of the 0.7573% 0.0%
chord chord
0, 0, 0, 0,
MH 61 10.26% at 27.6% of the 1.47% at 37.3% of the 0.5093% 0.0%
chord chord
0, 0, 0, 0,
MH 61 10,28% 10.26% at 27.6% of the 1.47% at 37.3% of the 0.6511% 0.0%
chord chord
0, 0, 0, 0,
MH 62 9.29% at 26.9% of the 1.59% at 36.6% of the 0.5424% 0.0%
chord chord
0, 0, 0, 0,
MH 62 9.3% 9.29% at 26.9% of the 1.59% at 36.6% of the 0.691% 0.0%
chord chord
0, 0, 0, 0,
MH 64 8.6% at 26.9% of the 1.44% at 36.7% of the 0.4691% 0.0%
chord chord
MH 78 14.43% at 22.1% of the 2.63% at 17.9% of the 2 2038% 0.0%
chord chord
MH 91 15.0% at 27.2% of the 1.62% at 14.9% of the 1.5419% 0.0%
chord chord
[ ]
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0, 0, 0, 0,
MH 92 15.5% at 27.4% of the 1.62% at 15.0% of the 1.6058% 0.0%
chord chord
0, 0, 0, 0,
MH 93 15.99% at 27.5% of the 1.61% at 15.1% of the 2 2627% 0.0%
chord chord
0, 0, 0, 0,
MH32 (8,71%) 8.71% at 30.2% of the 2.36% at 40.4% of the 0.4025% 0.0%
chord chord
0 0 0, 0
MH45 9.84% at 26.9% of the 1.64% at 36.6% of the 0.6074% 0.0%
chord chord
0 0 0, 0,
mhmi2 9.31% at 23.7% of the 2.4% at 27.2% of the 0.8483% 0.0001%
chord chord
0 0 0, 0
mhmi3 9.59% at 25.1% of the 2.03% at 30.5% of the 0.9763% 0.0005%
chord chord
0, 0, 0, 0
MILEY M06-13-128 12.84% at 33.2% of the 5.16% at 33.2% of the 0.6521% 0.0%
chord chord
0, 0, 0, 0,
MIRAGE 12.16% at 30.0% of the 2.97% at 30.0% of the 1.1514% 0.4%
chord chord
. 9.0% at 30.0% of the 6.0% at 40.0% of the
Miser chord chord 0.8044% 0.0%
Misto 50-50 S1046- 15.48% at 30.8% of the
$8035 chord 0.0% at 0.0% of the chord 1.4846% 0.0%
0, 0, 0, 0,
mijp711f-3 7.0% at 28.1% of the 1.33% at 100.0% of the 0.3588% 0.0421%
chord chord
0, 0, 0, 0,
mip712 7.0% at 28.1% of the 1.19% at 31.7% of the 0.3571% 0.0427%
chord chord
0, 0, 0, 0,
miz 1211 12.0% at 28.6% of the 1.11% at 25.4% of the 1.215% 0.0729%
chord chord
0, 0, 0, 0,
MM 007 7.0% at 28.3% of the 0.06% at 0.0% of the 0.3153% 0.0%
chord chord
0, 0, 0, 0,
MM 008 8.0% at 28.3% of the 0.01% at 100.0% of the 0.3975% 0.0%
chord chord
0, 0, 0, 0,
MM 009 9.01% at 27.4% of the 0.01% at 100.0% of the 0.5503% 0.0%
chord chord
0, 0, 0, 0,
MM 010 10.0% at 27.5% of the 0.01% at 100.0% of the 0.6236% 0.0%
chord chord
0 0 0 0,
MM 012 12.0% at 29.5% of the 0.09% at 0.0% of the 0.743% 0.0%
chord chord
0, 0, 0, 0
MM 1,75-10 9.9% at 30.3% of the 1.75% at 30.3% of the 0.1442% 0.0%
chord chord
0, 0, 0, 0
MM 1,75-9 9.0% at 30.3% of the 1.75% at 30.3% of the 0.1276% 0.0%
chord chord
0, 0, 0, 0,
MM 100 8.76% at 28.4% of the 2.12% at 39.8% of the 0.4966% 0.497%
chord chord
0, 0, 0, 0,
MM 1010a 10.07% at 32.6% of the 0.99% at 40.8% of the 0.5668% 0.0%
chord chord
0, 0, 0, 0,
MM 1010b 10.0% at 34.3% of the 1.0% at 37.5% of the 0.4879% 0.0%
chord chord
0, 0, 0, 0,
MM 1100 11.0% at 34.5% of the 2.01% at 40.6% of the 0.3457% 0.0%
chord chord
0, 0,
MM 11-29 11.0% aiﬁgjﬂ’ ofthe | ) 105 at 0.0% of the chord | 0.5832% 0.0%
0, 0, 0, 0,
MM 1200 12.0% at 34.5% of the 2.01% at 40.6% of the 0.4572% 0.0%
chord chord
0, 0, 0, 0,
MM 1300 13.0% at 35.1% of the 2.5% at 43.1% of the 0.8675% 0.0%
chord chord
0, 0, 0, 0,
MM 1407 6.99% at 28.5% of the 1.45% at 38.0% of the 0.345% 0.0%
chord chord
0, 0, 0, 0,
MM 1608 7.97% at 29.7% of the 1.61% at 37.6% of the 0.4272% 0.0%
chord chord
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0, 0, 0, 0,
MM 1609 9.8% at 29.4% of the 1.67% at 29.4% of the 1.0429% 0.0003%
chord chord
0, 0, 0, 0,
MM 1710 10.74% at 28.1% of the 1.67% at 35.2% of the 0.9755% 0.0001%
chord chord
0, 0, 0, 0,
MM 1711 11.12% at 30.5% of the 1.72% at 32.2% of the 0.9869% 0.0005%
chord chord
0, 0 0, 0,
MM 1809 9.2% at 27.7% of the 1.8% at 34.9% of the 0.9012% 0.0004%
chord chord
0, 0, 0, 0,
MM 1810 10.35% at 30.1% of the 1.8% at 36.7% of the 0.6071% 0.5%
chord chord
0 0 0, 0
MM 1811b 11.0% at 30.3% of the 1.79% at 35.2% of the 0.671% 0.0232%
chord chord
0, 0, 0, 0
MM 1910 10.35% at 33.3% of the 1.94% at 36.5% of the 0.5014% 0.0%
chord chord
0, 0, 0, 0,
MM 1995 9.6% at 30.3% of the 1.93% at 36.8% of the 0.4921% 0.0003%
chord chord
9.44% at 28.2% of the 2.14% at 40.2% of the
MM 200 chord chord 0.7986% 0.0%
9.91% at 30.0% of the 2.0% at 30.0% of the
MM 2-10 a chord chord 0.159% 0.0%
0, 0, 0, 0,
MM 2-12 11.89% at 30.0% of the 2.0% at 30.0% of the 0.2116% 0.0%
chord chord
0, 0, 0, 0,
MM 2-9 9.01% at 30.0% of the 2.0% at 30.0% of the 0.1405% 0.0%
chord chord
0, 0, 0, 0,
MM 300 9.8% at 30.2% of the 1.7% at 36.7% of the 0.4676% 0.0%
chord chord
0, 0, 0, 0,
MM 400 10.2% at 28.6% of the 2.2% at 40.5% of the 0.4601% 0.0%
chord chord
0, 0, 0, 0,
Mosca 317 10.2% at 30.0% of the 5.63% at 10.0% of the 1.7382% 0.0%
chord chord
0, 0, 0, 0,
MRC-16 13.9% at 34.5% of the 3.12% at 38.5% of the 1.1618% 0.0745%
chord chord
0, 0, 0, 0,
MRC-20 15.58% at 38.8% of the 2.93% at 46.7% of the 1.3632% 0.05%
chord chord
0 0 () 0
ms1,0-8.7 8.78% at 30.0% of the 1.97% at 40.0% of the 0.4048% 0.0%
chord chord
0, 0, 0 0
ms2-9.5 9.5% at 30.0% of the 2.02% at 40.0% of the 0.4745% 0.0%
chord chord
0, 0 0, 0
MS3.3-11GP 11.0% at 30.7% of the 3.28% at 38.2% of the 0.6348% 0.0%
chord chord
0, 0, 0, 0,
MS3,3-11GPT 11.0% at 30.7% of the 3.28% at 32.6% of the 0.5725% 0.0%
chord chord
0, 0, 0, 0,
MS3,3-15GP 15.0% at 30.7% of the 3.28% at 38.2% of the 1.2257% 0.0%
chord chord
0, 0, 0, 0,
Msa812 8.0% at 26.4% of the 1.22% at 33.8% of the 0.5487% 0.0996%
chord chord
0, 0, 0, 0,
MT172 10.0% at 33.1% of the 3.03% at 39.7% of the 0.3082% 0.977%
chord chord
0, 0, 0, 0,
MT722 26.27% at 30.0% of the 7.97% at 40.0% of the 2 6492% 0.728%
chord chord
0, 0, 0, 0,
MVA-101M 7.9% at 30.0% of the 3.95% at 30.0% of the 0.63% 0.0%
chord chord
0, 0, 0, 0,
MVA-123 5.3% at 15.0% of the 6.55% at 40.0% of the 0.84% 0.3%
chord chord
0, 0, 0, 0,
MVA-123M 5.3% at 15.0% of the 6.55% at 40.0% of the 0.84% 0.3%
chord chord
0, 0, 0, 0,
MVA-173 7.7% at 20.0% of the 6.3% at 40.0% of the 0.7734% 0.2%
chord chord
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0, 0 0 0,
MVA-227 14.6% at:ﬁg;(()j % of the 11.65% et:th5o%c? % of the 1.7205% 0.3%
0, 0, 0 0,
MVA-301 9.8% atCZhE:).?dAJ of the 10.05% et:th%?f % of the 1.3932% 0.3%
0, 0, 0, 0,
MVA30175 7.4% atCBh(f).?d/o of the 6.95% azﬁg;g % of the 0.8434% 0.2%
0, 0, 0, 0,
MVA-301M 8.7% atczh%?d/o of the 7.15% azﬁg}g/o of the 1.1769% 0.2%
0, 0, 0, 0,
MVA-342 5.5% atCZhSO.?d/o of the 6.65% azﬁg}g % of the 0.8799% 0.3%
0, 0, 0, 0,
MVA-439 7.9% atc?;]%?d/o of the 5.7% atcz';]%?d/o of the 0.7004% 0.0%
0, 0, 0, 0,
mves.516 8.5% atCZh%?d/o of the 1.6% atca;]%rSdA of the 0.5392% 0.0856%
0, 0, 0, 0,
mves516 f 3 8.5% atCZh%?dA) of the 1.6% atcfshfi).?dﬁ) of the 0.5392% 0.0861%
0, 0, 0, 0,
MZ 5411 11.25% a;[h?:)Sr.(;)/o of the 5.63% atcﬁg;gﬂ) of the 0.8824% 0.2%
0, 0, 0, 0,
MZ 6409 9.1% atCZhSO.?dA of the 6.75% atCEg}gA) of the 0.8824% 0.2%
Note:
M3 - HB396 (Per HLG-F3J);
Marquardt (J. Marquardt (USA));
Martin M 1 (G.L. Martin (USA));
mb7136 (F5B fast airfoils edumolfino@ciudad.com.ar);
mb714 (F5B fast airfoils edumolfino@ciudad.com.ar);
mc813 (F5B fast airfoils edumolfino@ciudad.com.ar);
md8135 (F5B fast airfoils edumolfino@ciudad.com.ar);
md814 (F5B fast airfoils edumolfino@ciudad.com.ar);
MEG 59 (E. Gallazzi (ltaly));
MEG 62-63137 (E. Gallazzi (Italy));
MEG 64 (E. Gallazzi (ltaly));
MEG 66 (E. Gallazzi (ltaly));
MEG 69-012 (E. Gallazzi (ltaly));
MG 08 (Marcel Guwang volet a 30%);
MGO05 (Marcel Guwang);
MGO06 (Marcel Guwang volets a 30%);
MH 22-Mod,3 (Elaborato per Delta 400);
mhmi2 (By Matteo Gallizia — Italy);
mhmi3 (By Matteo Gallizia — Italy);
mjp711f-3 (Flying Wing airfoils flap 75% - 3 edumol);
mjp712 (edumolfino@ciudad.com.ar);
mjz 1211 (Flying Wing airfoils edumolfino@ciudad.co);
MM 007 (by Mario Marzocchi — Italy);
MM 009 (by Mario Marzocchi — Italy);
MM 010 (by Mario Marzocchi — ltaly);
MM 012 (by Mario Marzocchi — Italy);
MM 1,75-10 (by Mario Marzocchi — Italy);
MM 1,75-9 (by Mario Marzocchi — Italy);
MM 100 (by Mario Marzocchi — ltaly);
MM 1010b (by Mario Marzocchi — Italy);
MM 1100 (by Mario Marzocchi — Italy);
MM 11-29 (by Mario Marzocchi — Italy);
MM 1200 (by Mario Marzocchi — Italy);
MM 1300 (by Mario Marzocchi — Italy);
MM 1407 (by Mario Marzocchi — Italy);
MM 1608 (by Mario Marzocchi — Italy);
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MM 1710 (by Mario Marzocchi — Italy);

MM 1809 (by Mario Marzocchi — Italy);

MM 1811b (by Mario Marzocchi — Italy);

MM 1910 (by Mario Marzocchi — Italy);

MM 1995 (by Mario Marzocchi — Italy);

MM 200 (by Mario Marzocchi — Italy);

MM 2-10 a (by Mario Marzocchi);

MM 2-12 (by Mario Marzocchi);

MM 2-9 (by Mario Marzocchi — Italy);

MM 300 (by Mario Marzocchi — ltaly);

MM 400 (by Mario Marzocchi — ltaly);

Mosca 317 (TsAGI (URSS));

ms1,9-8,7 (f3i, f3b matthieu.scherrer@supaero.fr);
ms2-9,5 (f3i, f3b root matthieu.scherrer@supaero.fr);
MS3,3-11GP (thermaling, scale, matthieu.scherrer@su);
MS3,3-11GPT (for tip; thermaling, scale matthieu.sc);
MS3,3-15GP (root of scale sailplane matthieu.scherr);
msa812 (F5B fast airfoils edumolfino@ciudad.com.ar);
mve8.516 (F3B airfoils edumolfino@ciudad.com.ar);
mve8516 f 3 (F3B airfoils flap 80% +3 edumolfino@ciudad.com.ar);
MZ 5411 (F. Zaic (USA));

MZ 6409 (F. Zaic (USA)).

Table 2. The geometric shapes of the airfoils in the cross section.

MO06-13-1 M3 - HB396
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f
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Results and discussion

The calculated pressure contours on the surfaces
of the airfoils at the different angles of attack are
presented in the Figs. 1-146. The calculated values on
the scale can be represented as the basic values when
comparing the pressure drop under conditions of
changing the angle of attack of the airfoils.

146 airfoils of the airplane wings were
considered. All airfoils are asymmetrical, with the
exception of the Martin M 1, MGO05 and Misto 50-50
S$1046-S8035, which are symmetrical.

Aerodynamic characteristics depend on the
geometry of the airfoil of the airplane wing. The
maximum thickness along the chord is observed for
the Marsden (27.88%), the minimum thickness along
the chord is observed for the MVA-123 (5.3%) of the
considered airfoils. The curved airfoils potentially

ﬂ

ik

|

Mosca 317

|

MS3,3-11GPT

msa812

MVA-301M

mve8516f3

MZ 6409

have better aerodynamic characteristics. The camber
of the MVVA-227 airfoil is 11.65% relative to the chord
length, which is the highest ratio among all the studied
airfoils. The value of the radius of the leading edge of
the airfoil affects the drag, i.e. the flight speed of the
airplane. The smallest and largest leading edge radii
of 0.1276% and 7.7426% were determined for the
MM 1.75-9 and Marsden airfoils, respectively. The
trailing edge thickness for the most airfoils is 0%. The
maximum thickness of the trailing edge (0.728%) was
identified for the MT722 airfoil.

Let us consider in detail the change in pressure
on the surfaces of several proposed airfoils under
conditions of changing the angle of attack: MARSKE
MONARCH, Martin M 1, MATWIES6, MEG 64,
MH 27, MILEY MO06-13-128, MT722 and MVA-227.
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The MARSKE MONARCH airfoil is surfaces at different angles of attack. The action of

characterized by a twofold increase in the drag
coefficient during the airplane descent, compared with
the airplane climb. A small bulge on the upper surface
of the airfoil, formed at the place of thickening, leads
to the formation of negative pressure.

The streamlined geometric shape of the Martin
M 1 airfoil with a thickening in the middle ensures the
formation of uniform negative pressure of the small
value on the upper and lower surfaces in conditions of
horizontal flight of the airplane. During maneuvers,
the airplane wing is subjected to almost the same
pressure values on the upper and lower surfaces,
depending on the angle of attack.

The concave lower surface of the MATWIES6
airfoil forms the area of positive pressure during
horizontal flight of the airplane. During the airplane
climb, the camber of the airfoil increases the lifting
force of the wing, and during the airplane descent, the
pressure difference on the surfaces becomes minimal.

The MEG 64 airfoil, due to its specific geometric
shape in the cross section, provides the formation of
variable positive and negative pressures on edges and

Surface: Pressure (kPa)
T y T

pressures of the small values on this airfoil is noted.

The barrel shape of the MH 27 airfoil, like the
Martin M 1 airfoil, ensures the formation of low
negative pressure on the surfaces at the angle of attack
of O degrees. Maximum pressure is concentrated on
the leading edge and part of the upper or lower
surfaces mating with it during maneuvers.

The MILEY MO06-13-128 airfoil, at the angle of
attack of 15 degrees, experiences the greater drag than
at the angle of attack of -15 degrees. Maximum
negative pressure on the airfoil occurs during the
airplane climb.

The MT722 airfoil is characterized by increasing
the negative pressure value by two times on the
leading edge during the airplane descent in the
atmosphere. The low aerodynamic characteristics of
the airplane wing are determined by the small pressure
difference on the upper and lower surfaces.

Based on the calculated pressure contours
obtained on the MVA-227 airfoil, the occurrence of
the large lifting force due to the significant pressure
difference on the wing surfaces is confirmed.

o = 0 degrees
& 3
o o
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Figure 1. The pressure contours on the surfaces of the M06-13-1 airfoil.
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Figure 2. The pressure contours on the surfaces of the M3 - HB396 airfoil.
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Figure 3. The pressure contours on the surfaces of the M6 (65%0) airfoil.
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Figure 4. The pressure contours on the surfaces of the M6 (85%b) airfoil.
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Figure 5. The pressure contours on the surfaces of the MA409 (original) airfoil.
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Figure 6. The pressure contours on the surfaces of the MA409 (smoothed) airfoil.
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Figure 7. The pressu re contours on the surfaces of the Marquardt airfoil.
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Figure 8. The pressure contours on the surfaces of the Marsden airfoil.
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Figure 9. The pressure contours on the surfaces of the MARSKE MONARCH airfoil.
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Figure 10. The pressure contours on the surfaces of the MARSKE PIONEER IA airfoil.
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Figure 11. The pressure contours on the surfaces of the MARSKE PIONEER 11D ROOT airfoil.
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Figure 12. The pressure contours on the surfaces of the MARSKE PIONEER IID TIP airfoil.
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Figure 13. The pressure contours on the surfaces of the MARSKE XM-1D airfoil.
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Figure 14. The pressure contours on the surfaces of the Martin M 1 airfoil.
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Figure 15. The pressure contours on the surfaces of the MATWIESG airfoil.
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Figure 16. The pressure contours on the surfaces of the MB253515 airfoil.
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Figure 17. The pressure contours on the surfaces of the MB253515 15,0% smoothed airfoil.
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Figure 18. The pressure contours on the surfaces of the MB303515 airfoil.
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Figure 19. The pressure contours on the surfaces of the mb7136 airfoil.
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Figure 20. The pressure contours on the surfaces of the mb714 airfoil.
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Figure 21. The pressure contours on the surfaces of the mc813 airfoil.
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Figure 22. The pressure contours on the surfaces of the md8135 airfoil.
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Figure 23. The pressure contours on the surfaces of the md814 airfoil.
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Figure 24. The pressure contours on the surfaces of the MEG 59 airfoil.
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Figure 25. The pressure contours on the surfaces of the MEG 62-63137 airfoil.
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Figure 26. The pressure contours on the surfaces of the MEG 64 airfoil.
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Figure 27. The pressure contours on the surfaces of the MEG 66 airfoil.
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Figure 28. The pressure contours on the surfaces of the MEG 69-012 airfoil.
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Figure 29. The pressure contours on the surfaces of the MEG-197 airfoil.
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Figure 30. The pressure contours on the surfaces of the MG 08 airfoil.
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Figure 31. The pressure contours on the surfaces of the MGO5 airfoil.
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Figure 32. The pressure contours on the surfaces of the MGO06 airfoil.
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Figure 33. The pressure contours on the surfaces of the MH 102 airfoil.
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Figure 34. The pressure contours on the surfaces of the MH 104 airfoil.
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Figure 35. The pressure contours on the surfaces of the MH 106 airfoil.
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Figure 36. The pressure contours on the surfaces of the MH 108 airfoil.
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Figure 37. The pressure contours on the surfaces of the MH 110 airfoil.
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Figure 38. The pressure contours on the surfaces of the MH 112 airfoil.
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Figure 39. The pressure contours on the surfaces of the MH 113 airfoil.
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Figure 40. The pressure contours on the surfaces of the MH 114 airfoil.
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Figure 41. The pressure contours on the surfaces of the MH 115 airfoil.
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Figure 42. The pressure contours on the surfaces of the MH 116 airfoil.
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Figure 43. The pressure contours on the surfaces of the MH 117 airfoil.
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Figure 44. The pressure contours on the surfaces of the MH 18 airfoil.
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Figure 45. The pressure contours on the surfaces of the MH 18 11,14% airfoil.
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Figure 46. The pressure contours on the surfaces of the MH 18B airfoil.
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Figure 47. The pressure contours on the surfaces of the MH 20 airfoil.
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Figure 48. The pressure contours on the surfaces of the MH 20 9,02% airfoil.
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Figure 49. The pressure contours on the surfaces of the MH 22 airfoil.
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Figure 50. The pressure contours on the surfaces of the MH 22 7,21% airfoil.
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Figure 51. The pressure contours on the surfaces of the MH 22-Mod,3 airfoil.
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Figure 52. The pressure contours on the surfaces of the MH 23 airfoil.
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Figure 53. The pressure contours on the surfaces of the MH 24 airfoil.
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Figure 54. The pressure contours on the surfaces of the MH 25 airfoil.
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Figure 55. The pressure contours on the surfaces of the MH 26 airfoil.
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Figure 56. The pressure contours on the surfaces of the MH 27 airfoil.
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Figure 57. The pressure contours on the surfaces of the MH 30 airfoil.
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Figure 58. The pressure contours on the surfaces of the MH 31 airfoil.
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Figure 59. The pressure contours on the surfaces of the MH 32 airfoil.
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Figure 60. The pressure contours on the surfaces of the MH 33 airfoil.
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Figure 61. The pressure contours on the surfaces of the MH 34 airfoil.
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Figure 62. The pressure contours on the surfaces of the MH 42 airfoil.
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Figure 63. The pressure contours on the surfaces of the MH 42 8,94% airfoil.
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Figure 64. The pressure contours on the surfaces of the MH 43 airfoil.
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Figure 65. The pressure contours on the surfaces of the MH 43 8,5% airfoil.
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Figure 66. The pressure contours on the surfaces of the MH 44 airfoil.
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Figure 67. The pressure contours on the surfaces of the MH 45 airfoil.
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Figure 68. The pressure contours on the surfaces of the MH 46 airfoil.
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Figure 69. The pressure contours on the surfaces of the MH 49 airfoil.
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Figure 70. The pressure contours on the surfaces of the MH 60 airfoil.
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Figure 71. The pressure contours on the surfaces of the MH 60 10,08% airfoil.
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Figure 72. The pressure contours on the surfaces of the MH 61 airfoil.
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Figure 73. The pressure contours on the surfaces of the MH 61 10,28% airfoil.
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Figure 74. The pressure contours on the surfaces of the MH 62 airfoil.
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Figure 75. The pressure contours on the surfaces of the MH 62 9,3% airfoil.
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Figure 76. The pressure contours on the surfaces of the MH 64 airfoil.
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Figure 77. The pressure contours on the surfaces of the MH 78 airfoil.
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Figure 78. The pressure contours on the surfaces of the MH 91 airfoil.
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Figure 79. The pressure contours on the surfaces of the MH 92 airfoil.
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Figure 80. The pressure contours on the surfaces of the MH 93 airfoil.
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Figure 81. The pressure contours on the surfaces of the MH32 (8,71%) airfoil.
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Figure 82. The pressure contours on the surfaces of the MH45 airfoil.
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Figure 83. The pressure contours on the surfaces of the mhmi2 airfoil.
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Figure 84. The pressure contours on the surfaces of the mhmi3 airfoil.
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Figure 85. The pressure contours on the surfaces of the MILEY MO06-13-128 airfoil.
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Figure 86. The pressure contours on the surfaces of the MIRAGE airfoil.
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Figure 87. The pressure contours on the surfaces of the Miser airfoil.
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Figure 88. The pressure contours on the surfaces of the Misto 50-50 S1046-S8035 airfoil.
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Figure 89. The pressure contours on the surfaces of the mjp711f-3 airfoil.

Philadelphia, USA 362 D Clarivate
Analytics indexed



ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

. ISl (Dubai, UAE)=1.582  PHHII (Russia) = 3.939  PIF (India) =1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
Surface: Pressure (kPa)
A 6.46
17, 6
z
D2 3
© 2
S 1
Il 0
3 -1
2
Vv -2.16
0 50 100 150 200 250
Surface: Pressure (kPa)
A 684
B 0
5} p -10
§ \ '20
S b
i -50
Il -60
-70
3 -80
Vv -82
50 100 150 200 250 300
Surface: Pressure (kPa)
s A729
n
8 5
=) 0
[<3]
© -5
Lr‘_l|) -10
Il -15
3
! v-18.7

-51:) 0 5I0 1(I)0 15IO Z(I)O
Figure 90. The pressure contours on the surfaces of the mjp712 airfoil.
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Figure 91. The pressure contours on the surfaces of the mjz 1211 airfoil.
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Figure 92. The pressure contours on the surfaces of the MM 007 airfoil.
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Figure 93. The pressure contours on the surfaces of the MM 008 airfoil.
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Figure 94. The pressure contours on the surfaces of the MM 009 airfoil.
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Figure 95. The pressure contours on the surfaces of the MM 010 airfoil.

Philadelphia, USA 265 0 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912 ICV (Poland) =6.630
. ISl (Dubai, UAE)=1.582  PHMHII (Russia) =3.939  PIF (India) =1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
Surface: Pressure (kPa)
A 654
7 6
g :
g :
S 1
I o
3 -2
-2.59
0 50 100 150 200 250
Surface: Pressure (kPa)
A 681
4] 0
o -10
o -20
o© -30
ﬂ -40
I 0
S -60
¥ -68.4
50 100 150 200 250 300
Surface: Pressure (kPa)
300 A7.18
» 280
g 260 0
5 240 -10
g 220 -20
o 200 -30
e 180 -40
Il 160 50
3 140 %0
120 v -62.3

-50 0 50

Surface: Pressure (kPa)

100 150

200
Figure 96. The pressure contours on the surfaces of the MM 012 airfoil.

A 6.43
6
(%]
8 5
o 4
(@] 3
L 2
° p
S 0
Il -1
N -2
v -2.88
0 50 100 150 200 250
Surface: Pressure (kPa)
(%]
& -~
[<3]
- 3
(@]
[<3]
=]
Lo
—
Il
N
50 100 150 200 250 300
Surface: Pressure (kPa)
(7]
[<5]
[
-
(@]
[<3]
©
Lo
A
Il
3

-50 0 50

100 150

200
Figure 97. The pressure contours on the surfaces of the MM 1,75-10 airfoil.
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Figure 98. The pressure contours on the surfaces of the MM 1,75-9 airfoil.
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Figure 99. The pressure contours on the surfaces of the MM 100 airfoil.
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Figure 100. The pressure contours on the surfaces of the MM 1010a airfoil.
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Figure 101. The pressure contours on the surfaces of the MM 1010b airfoil.
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Figure 102. The pressure contours on the surfaces of the MM 1100 airfoil.
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Figure 103. The pressure contours on the surfaces of the MM 11-29 airfoil.
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Figure 104. The pressure contours on the surfaces of the MM 1200 airfoil.
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Figure 105. The pressure contours on the surfaces of the MM 1300 airfoil.
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Figure 106. The pressure contours on the surfaces of the MM 1407 airfoil.
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Figure 107. The pressure contours on the surfaces of the MM 1608 airfoil.
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Figure 108. The pressure contours on the surfaces of the MM 1609 airfoil.
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Figure 109. The pressure contours on the surfaces of the MM 1710 airfoil.

Philadelphia, USA 379 D Clarivate
Analytics indexed



ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582  PHHII (Russia) =3.939  PIF (India) = 1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350

Surface: Pressure (kPa)

>
2
IS
&

on 6
[<5} 5
o 4
(o)) 3
<5} 2
© L
< 0
Il -1
3 -2
| -3
|¥-3.25
100 150 200
Surface: Pressure (kPa)

(7]

[<5}

[

—

(o))

<5}
©

Lo

—

Il

N

100 150 200 250 300
Surface: Pressure (kPa)

(7]

[<5}

[}

—

(@]

(<5}

©

Ko}

—

1
Il
N

-50 50 100 150 200

Figure 110. The pressure contours on the surfaces of the MM 1711 airfoil.
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Figure 111. The pressure contours on the surfaces of the MM 1809 airfoil.
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Figure 112. The pressure contours on the surfaces of the MM 1810 airfoil.
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Figure 113. The pressure contours on the surfaces of the MM 1811b airfoil.
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Figure 114. The pressure contours on the surfaces of the MM 1910 airfoil.
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Figure 115. The pressure contours on the surfaces of the MM 1995 airfoil.
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Figure 116. The pressure contours on the surfaces of the MM 200 airfoil.
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Figure 117. The pressure contours on the surfaces of the MM 2-10 a airfoil.
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Figure 118. The pressure contours on the surfaces of the MM 2-12 airfoil.
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Figure 119. The pressure contours on the surfaces of the MM 2-9 airfoil.
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Figure 120. The pressure contours on the surfaces of the MM 300 airfoil.
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Figure 121. The pressure contours on the surfaces of the MM 400 airfoil.
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Figure 122. The pressure contours on the surfaces of the Mosca 317 airfoil.
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Figure 123. The pressure contours on the surfaces of the MRC-16 airfoil.
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Figure 124. The pressure contours on the surfaces of the MRC-20 airfoil.
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Figure 125. The pressure contours on the surfaces of the ms1,9-8,7 airfoil.
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Figure 126. The pressure contours on the surfaces of the
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Figure 127. The pressure contours on the surfaces of the MS3,3-11GP airfoil.
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Figure 128. The pressure contours on the surfaces of the MS3,3-11GPT airfoil.
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Figure 129. The pressure contours on the surfaces of the MS3,3-15GP airfoil.
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Figure 130. The pressure contours on the surfaces of the msa812 airfoil.
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Figure 131. The pressure contours on the surfaces of the MT172 airfoil.
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Figure 132. The pressure contours on the surfaces of the MT722 airfoil.
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Figure 134. The pressure contours on the surfaces of the MVVA-123 airfoil.
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Figure 135. The pressure contours on the surfaces of the MVA-123M airfoil.
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Figure 136. The pressure contours on the surfaces of the MVA-173 airfoil.
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Figure 137. The pressure contours on the surfaces of the MVVA-227 airfoil.
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Figure 138. The pressure contours on the surfaces of the MVVA-301 airfoil.
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Figure 139. The pressure contours on the surfaces of the MVA30175 airfoil.
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Figure 140. The pressure contours on the surfaces of the MVVA-301M airfoil.
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Figure 141. The pressure contours on the surfaces of the MVVA-342 airfoil.
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Figure 142. The pressure contours on the surfaces of the MVVA-439 airfoil.
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Figure 143. The pressure contours on the surfaces of the mve8.516 airfoil.
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Figure 144. The pressure contours on the surfaces of the mve8516 f 3 airfoil.
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Figure 145. The pressure contours on the surfaces of the MZ 5411 airfoil.
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Figure 146. The pressure contours on the surfaces of the MZ 6409 airfoil.

Conclusion

Computer simulation makes it possible to
determine the aerodynamic characteristics of the
airplane wings under normal weather conditions. The
presented calculated pressure contours, conjugated
with the surfaces of the airfoils, create a complete
picture of the influence of the geometry of the airfoil
on the lift and drag value. Thus, the results of the
calculation are relevant for choosing the advantageous
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