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AHaIM3MPOBANIOCH BIUSHUE XMMHUYECKOTO COCTaBa KOMIO3UTHOro TorumBa hythane (cMecu mpupomHoro rasa c
BOJIOPOJIOM) Ha JaBJIeHHE B Kamepe cropaus asurateis. O030p JIuTeparyphl MoKas3al aKTyalbHOCTh HCIOJIb30BaHUs
hythane B TpaHCIIOPTHOI SHEPTETHKE, & TAKIKE BHISBIJI HAyYHbIC pabOThI, MOCBSIICHHbIC H3YUCHHUIO BiusHus hythane
Ha HKOJIOTMYECKHE U TATOBO-TUHAMUYECKHE XapaKTepUCTUKU ABUratens. CoOCTBEHHbIE HCCIIEAOBAHMS IPOBOAUIHCEH
Ha OJHOLMJIMHAPOBOM JBHIaTelie BHYTPEHHEr0 CrOPaHUsl ¢ UCKPOBBIM 3aXKMraHHeM. BapbupyembiMu (hakTopamu B
SKCIEPUMEHTAX SBILLIINCH: YaCTOTa BPAIlCHHUs KOJICHYaToro Bana aeuratelns (600 muH 7 900 MunY), KodpunneHT
M30BITKA BO3MyXa M KOHIICHTPAIM BOAOPOJAa B IIPUPOTHOM Tase, coctabisttomas 29 %, 47 % u 58% (mo oopemy).
ITokazaHo, 4TO B peXMME XOJOCTOTO XOAa W OJIM3KMUM K HEMY YacTOTaM BpAIICHHS KOJEHYATOTO Baja JIBUTaTEld
MaKCHMaJIbHOE JIaBJICHHE B KaAMEpPEe CrOpaHus 3aBHCUT OT Ko3(HuneHTa n30bITKa BO3LyXa U JJOJIM BOJIOPOAA B TOI-
JIMBOBO3AYIIHOM CMeCH — 4eM OelHee TOIUTMBOBO3YIIHAS CMECh M BBIIIE CO/EPKaHHE BOAOPOAA, TEM MHTCHCHBHEE
poct nasnenus. [lo3uTnBHOE BIMSIHUE BOAOpPOJa HA JaBJICHHE OOBSACHACTCS TEM, UTO JN0OABICHHE BOJOPOJA CIIOCO0-
CTBYET YBEJIHUYCHHIO TEIUIOTHI CTOpaHMs TOIUIMBA U CKOPOCTH PACHpPOCTpaHEHHMs IUIaMeHH. B pesynbpTare mpu cropa-
HHH BbIJEIsieTCs OOJIbIIE TEIJa, a CaMo TOILIMBO CTOPAeT B MEHbLIEM 00beMe. Y CTaHOBIICHO, YTO J00aBJICHUE BOJO-
poJia MOKeT 00eCIeYNTh YCTOHYHNBOE CropaHie OeTHON TOIUIMBOBO3AYIIHON cMecH 0e3 OTeph MOIHOCTH JBUTaTENs.
Kpome Toro, mokasaHo, 4TO HECMOTPSI Ha U3MEHEHHE CKOPOCTHOTO peXHMa ABHIATelNs, KOJIWYECTBA HOOABICHHOTO
BO/IOpOJIa, K03 duirmenTa n30pITKA BO3LyXa, BUAA TOIUTMBA (IPUPOAHBIN Ta3 U OEH3MH) COXPAHSIETCs CTETIeHHAsI 3aBH-
CHMOCTh MaKCUMaJbHOTO JaBJIE€HUS B IMIIMHApE ABUraTess OT o0beMa KaMmepsl cropanus. O6paboTka U aHanmu3 pe-
3yIbTATOB 3apyOEKHBIX M OTEUECTBEHHBIX MCCIEIOBAHUN MTPOIEMOHCTPHPOBAIIH, YTO BBISBJICHHBIE aBTOPAMH JTAaHHON
CTaThH 3aKOHOMEPHOCTH NPHMEHMMBI ISl ABHUTATeleld pasHBIX KOHCTPYKIMH, pabOTaromMx B pa3HbIX CKOPOCTHBIX
PEeKMMax M HCTIONB3YIOINX Pa3HOE YIIIEBOJOPOJHOE TOIUNBO. [IpescTaBieHHbIe pe3yabTaThl HCCIIEIOBaHUS TT03BO-
JSIFOT COKPATHTh BPEMEHHbIE M MaTepHAIbHBIE 3aTPAThl IIPU CO34aHMH HOBBIX SHEPreTHUECKHUX YCTAHOBOK, HCIIOJb-
3yronmx hythane u cOOTBETCTBYIOIIMX COBPEMEHHBIM TPEOOBAHHSM 110 MOIIHOCTH, SKOHOMHYHOCTH ¥ TOKCHYHOCTH.

Kntouesble criosa: hythane; Bogopoa; NpupoaHblii ras; AaBneHue; ropeHre; aHeproadheKTUBHOCTb; ABUraTerb BHYTPEHHETO CropaHus.
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The article analyzes the influence of chemical composition of hythane (a mixture of natural gas with hydrogen) on
pressure in an engine combustion chamber. A review of the literature has showed the relevance of using hythane in trans-
port energy industry, and also revealed a number of scientific papers devoted to studying the effect of hythane on envi-

“Ulaiixun A1, anues M.P. Biusaue xumudeckoro coctapa hythane Ha japienue B kamepe Cropanus aBUratens / MexIyHapoIHbIH HayIHEI
KypHaJI «AJIbTepHAaTUBHAs SHepreTuka u sxonorus» (ISJAEE), 2019;10-12:36-42.

International Scientific Journal for - ) Ne 10-12 MexayHapoaHbI Hay4HbIM XXypHan
Alternative Energy and Ecology @ U ‘:J)i]/l! \ {_QE (294-296) «AnbTepHaTUBHasA 3HepreTMka U 3KONorua»
© ScientificTechnicalCentre «TATA», 2000-2019 2019 © HayuHo-TexHuu4eckui ueHTp « TATA», 2000-2019

36

1
A7,

£

SPACE

MexdyHapoOdHbIt uzdamensckul dom Hay4yHol nepuoduku “Cnedc”

~
LN


mailto:sbs777@yandex.ru

1
A7,

-~

-

SPACE
1\ W

International Publishing House for scientific periodicals “Space”

LWadkuH A.T1., lanues M.P. BnusHue xumundeckoro coctasa hythane Ha gaBneHue B kamepe cropaHus asuraTtensi

ronmental and traction-dynamic characteristics of the engine. We have studied a single-cylinder spark-ignited internal
combustion engine. In the experiments, the varying factors are: engine speed (600 and 900 min™), excess air ratio and
hydrogen concentration in natural gas which are 29, 47 and 58% (volume).The article shows that at idling engine speed
maximum pressure in combustion chamber depends on excess air ratio and proportion hydrogen in the air-fuel mixture —
the poorer air-fuel mixture and greater addition of hydrogen is, the more intense pressure increases. The positive effect of
hydrogen on pressure is explained by the fact that addition of hydrogen contributes to increase in heat of combustion fuel
and rate propagation of the flame. As a result, during combustion, more heat is released, and the fuel itself burns in a
smaller volume. Thus, the addition of hydrogen can ensure stable combustion of a lean air-fuel mixture without loss of
engine power. Moreover, the article shows that, despite the change in engine speed, addition of hydrogen, excess air ratio,
type of fuel (natural gas and gasoline), there is a power-law dependence of the maximum pressure in engine cylinder on
combustion chamber volume. Processing and analysis of the results of the foreign and domestic researchers have showed
that patterns we discovered are applicable to engines of different designs, operating at different speeds and using different
hydrocarbon fuels. The results research presented allow us to reduce the time and material costs when creating new power
plants using hythane and meeting modern requirements for power, economy and toxicity.

Keywords: hythane; hydrogen; natural gas; pressure; combustion; energy efficiency; internal combustion engine.
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J1st co3maHusl HOBBIX MAJIOAMHUCCHOHHBIX M DHEPTO-
s¢dexruBHBIX Kamep cropanus (KC), ucmons3yronmmx
hythane, HeoOxomumo TyOOKOE H3ydYeHHE Mpollecca
CropaHusi KOMIIO3UTHOTO TOILIMBA, B TOM 4YHCIE MpPHU
paboTe aBUTATENs B PEXKHME XOJIOCTOrO Xojaa M OJH3-
KM K HEMYy 4YacTOTaM BpAIICHHUs KOJEHYaTOro Baja.
V3BecTHO, 4TO MpH JBMIKEHUH aBTOMOOHIS B TOPO/I-
CKOM IMKJIe BpeMsi paboThl JABHUTaTeNs IPU TAKUX pe-
JKUMaxX cocTaBisieT 27% OT o0meld mpoaoKUTEIBHO-

1.BBenenue

B cBs3M ¢ IOCTOSIHHBIM POCTOM LIeH Ha TOILUTMBO U 3a-
KOHOJATCIbHBIM YKCCTOUCHUEM HOPM IO KOHUCHTpAIUU
TOKCHUYHBIX KOMIIOHCHTOB B BBIXJIOIIHBIX ra3axX JABHUIATC-
JIEH, BOIPOCHI NAJbHEUIIEr0 YJIyULIEHUsI YKOJIOTHUECKUX
U 3HEPreTUYECKUX XapaKTEPUCTUK ATHUX JBUIaTelled Oc-
TaroTcs akTya’dbHBIMH [1]. OmHMM U3 Hamboee OBICTPO

peaM3yeMbIX CIIOCOOOB pEIICHHs] JaHHOH NpoOIeMbl
SIBJIICTCS] MCIIOIb30BaHHE KOMITO3UTHBIX BHJIOB TOILIMBA
[2, 3]. B mocneanue aBa OECSATHICTHS YUCHBIC U HH)KCHE-
pbl Benymux ctpan mupa (CLHOA, Anrnus, I'epmanus,
Kwuraii, Poccnst 1 T.1.) yaensior Oolibllioe BHUMaHHE HO-
BoMy TormBy hythane — cmMecu mpupoHOTO ra3a ¢ BoJo-
pomoM [4-6], mockonbKy ucmnonk3oBanue hythane cro-
COOCTBYET 3HAYUTENHLHOMY CHIDKEHHIO TOKCHYHOCTH BBI-
xjona jgsurarens [7, 8] W TOBBILIEHHIO €ro TATOBO-
JMHaMu4YecKuX rnokasareneii [9, 10].

ctu noe3aku [11], a sxcnepumenTsl [12, 13] noka3zanuy,
YTO MMEHHO Ha XOJIOCTOM XOJy KOHLEHTpauus TOK-
CHYHBIX BEIIECTB B OTPa0OTaBIIMX ra3aX HMEET MakK-
cUMallbHble 3HaueHus. B HacTosiee BpemMsi Majo H3Y-
YEHO BIIMSHUE XMMHYECKOTO cocTaBa hythane Ha Maxk-
cumanbHoe naBieHne B KC B ycnmoBusx paboTsl 1Bura-
TeJsl Ha XOJIOCTOM XOJYy.

BriepBbie OBIIO M3Yy4YEHO BIMSIHHS XHMMHYECKOTO CO-
craBa hythane Ha MakcuManbHOE JaBJIICHHE B Kamepe
cropanusi ipy paboTe TOPIITHEBOTO JBUTATENS B PEXKIME
XOJIOCTOTO X012 U OJTU3KUM K HEMY YacTOTaM BpaIlCHHS
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BopopoaHas akoHoMuKa. BodopodHasi akoHoMuKa. TpaHCnopTHbIe CPeaCcTBa M NPUBOALI HA BOOOPOAHOM TOMMBe

KOJIeHYaToro Baja. llodydeHHbIE pe3yibTaThl OymyT
BOCTPEOOBAHBl NPH IPOSKTUPOBAHUM U MOJCPHU3ALUH
9HEPro3(PPEeKTUBHBIX U MATOIMUCCHOHHBIX KaMep CTo-

paHus IBUraTenei, ucrnoip3yromux hythane u coorser-
CTBYIOLIUX COBPEMEHHBIM TPEOOBAHUSAM IO MOIHOCTH,
SKOHOMHYHOCTH U TOKCUYHOCTH.

Crncok 0003HaYeHH

bykevl epeueckoco anghasuma

o | KosdummenT n36biTka Bo3Iyxa

bykevl namunckoeo a/zdmguma

G Pacxon Torumsa, kr/a

| Teoperryecky He0OX0IMMOE KOJIMUECTBO BO3AYXa JUISL CKUIAHMA | KT TOIUIMBA, KT
N YacToTa BpaleHHs1 KOJISHYaToro Bajla ABATATeNs

P MakcuMabHOE IaBJICHHE B KaMepe CropaHus

r O6bémuas gost, Mlla

\ OGbeM KaMephl CrOPAHHSI, COOTBETCTBYIONIUI MOMEHTY JOCTHYKEHHS MAKCHMANBHOTO JABICHHS, M-
X Tekylee 3HaYeHHe KOIP(UITHEHTA H36BITKA BO3AYXA, MHUH

Undexcor nuscnue

a Bosnyx

h Bonopon

ng IIpupoanslii ra3

rel OTHOCHTEIIBHBIE BEIUUHHBI

Abbpesuamypot

KC Kawmepa cropanust

TBC TommBoOBO3AYIIHAS CMECh

2. BKCHepI/[MeHTaJIBHaSl JacThb

OKCHepUMEeHThl IPOBOAMINCHE Ha MOTOPHOH ycTa-
HOBKE C HCKpPOBBIM 3axkuranuem (puc. la). OCHOBHBI-
MU 3JIEMEHTAaMH YCTAHOBKH SIBISIOTCS YETBHIPEXTaKT-
HbI OJHOLUMJIMHIPOBBI NOPIIHEBOW JBUraTeslb U
ANEKTPOIABUTATENH, 00ECIEUNBAIONINI TpeOyeMbIe ycC-
JIOBUSIM HKCIIEPUMEHTa OOOPOTHI KOJIGHYATOTO Baja
npuraress. [1og0XKUTeNbHBIME KauecTBaMU MOTOPHOM
YCTaHOBKHM SBJIAIOTCA: |) HU3Kas MEXIUKIOBas He-
UJIEHTUYHOCTH; 2) BO3MOYXHOCTh PEryJUpOBaHUs He3a-

a

BHCUMO JIPYT OT Jpyra napaMeTpoB padOThl JBUTATEINS
(HampuMep, cocTaB TOIIMBOBO3AYILIHOW CMeECH, cTe-
MIeHb CHKATHUsl, 00OPOTHI KOJIEHYATOTO Basia JBUTATEIS,
TeMIepaTypy TOIUIMBA U T.J.). ITH OCOOCHHOCTH KOH-
CTPYKIMH O30T BO3MOXXHOCTh TOYHO MOBTOPATH pe-
JKUMBI HCTIBITAHUA ¥ ONPEHeNsITh BO3ICHCTBHE KOH-
KpeTHOTO (pakTOpa Ha MaKCHMallbHOE IABJIICHHE B Ka-
Mepe cropaHus. [ mpoBeneHHS HCCICIOBaHHUN KC-
NepUMEHTalIbHasl yCTaHOBKa ObUla 00OpymoBaHa J0-
TIOJTHUTEIHHON CUCTEMOM NMHUTAaHUS HPUPOAHBIM Ta3oM
u Bojopo oM (puc. 1b).

Puc. 1 —-OkcnepuMeHTasnbHbIi CTEHA: @ —~MOTOPHasi yCTaHoBKa: 1 — ABuUratenb BHYTPEHHEro CropaHus,
2 — nynbT ynpasneHus; b — cuctema nogayn Bogopoaa B Asuratens: 1 — 6ansioH ¢ BOAOPoOAoM,
2 — 6ok ynpasneHust popcyHkamm, 3 — MaHOMeTpbI
Fig. 1 —Experimental stand: a —engine installation: 1 — internal combustion engine, 2 — unit control panel; b — hydrogen supply
system to the engine: 1- hydrogen tank, 2— injector control unit, 3— pressure gauges
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Meroanka dKCIIepIMEHTa 3aKIIioyanach B Mapaieib-
HOI PEerucTpalyy CUrHaIOB C UCKPBI 3aKUI'aHMs, JaTauKa
pacxoia Bo3ayxa M JaTdMKa JaBleHUs. BapbupyembIMu
(daxkTopaMu B SKCIIEPHMEHTaX SBILSUIMCH. YacTOTa Bpa-
IeHusT KoJieHJaToro Bana neuratesss (N = 600 MUH ® u
900 muH *), kodddHIMEHT H3OBITKA BO3ayXa (0) M 10T
BOJIOPO/A, JOOABISIEMOTO B TOIUIMBO (NIPUPOIHBIA Ta3),
KoTopas cocTtaBisia Iy = 29 %, 47 % u 58 % (mo o0be-
Mmy). Koaddunuent n30bITka Bo3/1yxa pacCUUTHIBAICS T10
¢dopmysne (1), mpu 3TOM HEOOXOIUMO OTMETUTH, YTO pac-
xo11 Bo3ayxa (G,) U1 Ka)J0ro CKOPOCTHOTO PexXUMa ObLIT

MOCTOSIHHBIM, TO €CTh Iipu N = 600 MHH G,=11xr/u, a
pu N = 900 Mus G, = 14 kr/u.
o= G, 1
l,-G, +1 -G, @

rae Gng — pacxoJ| IpUpoaHOTo rasa, kr/4; |, — Teoperu-
YeCKH He00X0AMMOE KOJMYECTBO BO3JyXa JUIsl COKUTa-
Hus 1 kr Bogopona; lng — Teoperndeckn HeobXoxumMoe
KOJIMYECTBO BO3JyXa AJS CXKHTaHWSA | Kr IPHUPOTHOTO
rasa.

Juis mpunmaHus ¥McciIeIyeMoi CBSI3M OONbIICH YHU-
BEPCAIbHOCTH, TO €CTh He3aBHcUMOcTH 0T (opmbl KC n
ra30AMHAMUYECKUX XapaKTePHCTHUK, BCE 3HAYCHUS TIpe/I-
CTaBJICHbl B OTHOCHUTENBHBIX BEIMYMHAX — OTHOLICHUE
aHAJIM3MPYEMBIX IIApaMeTPOB K MapaMeTpaM Ipu cre-
XHOMETPUUECKOM COCTaBEe CMECH —Harpumep, AJs 1aB-
JICHUSL:

P
_ _(a=x)

P|'e| - P ' (2)
(a=1)

rae P(u:l) — MAKCHUMYM JaBJICHUA ITIPU CTCXUOMETPUICCKOM

cocraBe TorumBoBo3aymHOW cmecu (TBC), Mlla; x —
TeKyllee 3HaueHne Ko puieHTa n3dbITKa BO3IyXa.

3. Pe3ynbTaThl U UX 00Cy:KIEHHE

UccnenoBanue cBA3M MaKCHMalIbHOIO JAABIEHUS B
KC ot cocraBa TBC, koHLIEHTpalluu BOJOpPOAA U Yac-
TOTBI BpPAlLleHNs] KOJIEHYAaTOro Baya JIBUTATelNs (TO eCTh
MHTEHCUBHOCTH TYpOYJIEHTHOCTH) BBISIBHJIO, YTO YBE-
JUYEHUE KOHIEHTpAlUH BOJOpPOAAa B TOIUIMBE IPUBO-
IUT K 3aMeTHoMY mnoBbimeHuto nasieHus B KC. Ilpu-
4yeM ¢ 00€HEHHEM CMECH BIHSIHUE N00aBICHHUS BOJO-
pona ycunusaetcs. [1o3uTHBHOE BIMSHUE BOAOPOAA HA
JlaBJIeHHE OOBSICHAETCS TEM, 4TO 100aBICHUE BOJOPOIA
CIIOCOOCTBYET YBEITHYEHUIO TEIUIOTHI CrOPAHUS TOILIH-
Ba U CKOPOCTU PacCHpOCTpaHEHMs IUlaMeHu. B pesynb-
TaTe MPU CrOPaHUM BBIAEISETCS OOJbINE TETIa, a CaMo

TOIJIMBO CrOpaeT B MeHbLIeM o0beme. Takum oOpazom,
Jo0aBiieHHE BOJOPOJa MOXKET 00ECIIEYUTh YCTOWYHBOE
cropanue 6enHoit TBC 0e3 moTeph MOIIHOCTH JBHra-
tenst. OOpaboTKa 1 aHANH3 PE3yIbTATOB 3apyOeKHBIX U
OTEYECTBEHHBIX HCCICJOBAHUI BBISBHIN, YTO IOBBI-
IIEHUE JaBICHUS NPU U3MEHECHUN XUMHUYECKOTO COCTa-
Ba TOIUTMBA HAOJIIONANOCh NMPHU COKUTAHUU CMECEH Me-
TaHa C BOJOPOZOM B ITOPIIHEBBIX IABUTATEISIX Pa3HOU
KoHCTpyKuun [14-17], a TakKe NMpH COKUTAaHUHM cMecel
OcH3uHa ¢ BomopoaoM B asurarene [18, 19] u B 6ombe
noctosinaoro oowsema [20] (cdepuueckuit meraminde-
CKHI cocy/l, B KOTOPOM IPOBOISTCS HCCIIEA0BAHUS TIa-
MeHu.). Ha puc. 2 BUAHO, 4TO, HECMOTPs Ha U3MCHECHUE
koHCTpyKkImH KC M 49acTOTHl BpamieHUs KOJIEHYaTOTO
BaJIa JBHIaTells, COXPAHIETCS CTENEHHAs 3aBUCHMOCTD
MpUpOCTa AABICHUSI OT 0OBEMHON TOJIM BOAOPOJA B TO-
wimmBe. Kpome TOro, ycraHoBieHO, 4To dYeM OenHee
TBC, Tem cmipHee moOaBJIeHHE BOJOPOIa BIHSIECT Ha
npupoct napieHus. Tak, Hampumep, SO-TIpoIleHTHAs
no6aBka BOAOPOJa YBEIUYUBAET faBieHue Ha 21 % mpu
a=1luna3l %npuo=13.

AP,
%

40

30

20

10

ry %

Puc. 2 — 3aBMcMMOCTb NpUpocTa MakcumManbHOro AasneHus AP
OT KOHLUEHTpaumn Boaopoaa, koadduumeHTa nsbbiTka Bo3gyxa
1 YacTOoThl BPaLLEHWS KONeHYaToro Bana apuratens:

A —n =600 MH™; A, + —n =900 MuH™; X — n = 1200 muH™ [16];
m, e, ¢—n=2000 muH" [14, 15, 17];

O, 0, 0 —n=3000 muH™ [14, 15, 17]

Fig. 2 — Dependence of the increase maximum pressure AP
on the concentration of hydrogen, excess air ratio and engine
speed: A —n =600 rpm; A, + —n =900 rpm; X —n = 1200 rpm
[16];m, ®, ¢ — n = 2000 rpm [14, 15, 17]; o, o, 0 —n = 3000 rpm
[14, 15, 17]

HccnenoBanue BIUSHUS CKOPOCTHOTO PEKHUMA JIBH-
raTess Ha JaBlieHUE TI0Ka3aJio0, YTO YBEITUICHUE YaCTOTHI
BpalleHus KojeHyaToro Baja ¢ 600 MuH 1o 900 MUH

MPUBOIMT K CHIDKCHHUIO TaBJieHus(Tali1.).
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Tabnuna
Bnusuue CKOpPOCTHOI'O p€KHUMa ABUIaTE€Jid Ha MAaKCUMAJbHOC JaBJICHUC IPpHU rh:0%
Table
Influence engine speed on maximum pressure at r,= 0%
Koy dpuument u3dbiTka BO3ayXa
0,8 0,9 1 1,1 1,2
P, MIla (n=600 muu ) 1,67 1,85 1,97 1,95 1,92
P, MIla (n=900 mus ") 1,4 1,63 1,73 1,7 1,6

3T0 OOBSACHSETCS TEM, YTO B JAHHOM CIIyJae TpH yBe-
JMYEHUN 9acTOTHl BpamieHus mpupoct odsema KC mpo-
UCXOAUT OBICTpEee CKOPOCTH BhITOpaHUs. B pesysnbrare
mpu N = 600 MuH * 0GbeM V, IPU KOTOPOM HAOJOIaeTCs
MaKCUMyM JaBJICHUs, MEHbIIIE, ueM mpu N = 900 MuH %, a
3HAYMT, MEHbIIE TEeIUI00TBOA B cTeHKH KC U BbIlIe TeM-
neparypa U JaBlieHUE. BIMsIHME CKOPOCTHOTO pexHMa
JBUraTeNs, M00aBICHUS BOIOpOJa, KoddduipeHTa u3-
OBITKa BO3yXa, BUa TOIUINBA (IPUPOIHBIH ra3 u OCH3MH)
Ha CBsI3b MaKCHMaJbHOTO HaBlicHHs ¢ oobemom KC mpu

MAaKCUMaAJIbHOM JAaBJICHUU MIPEACTABJICHO HA PUC. 3.

0,9 1

0,7 -

0.5 1

0,3 T T T
0,7 0.9

V

rel

Puc. 3-3aBrcrmocTb MakcumansHoro AasneHns ot obbema KC
npv nameHeHnn Bupa Tonnmea: hythane- 0, o, A, o, ¢, m, A, ®
1 6eH3nH+H,——, *, X, +; YacTOTbl BpaLLleHUst KoneHYaToro Bana:
N=600MuH -0, 0, A, 0, -, *, xun=900 MUH " - ¢, m, A, e, +;
KOHLeHTpauum Bogopoaa: — —r, =19 %; m, o, * —r, = 29 %;
A, A—r1,=47 %;e, 0 — 1, = 58 %); - pacueT no cpopmyne (3)
Fig. 3 — The dependence of maximum pressure on volume
combustion chamber when changing type of fuel:
hythane - 0, o, A, o, ¢, m, A, e and gasoline+H,—, *,
X, +; engine speed: n = 600 rpm -9, o, A, o, —, *, xand n = 900 rpm
-+, m, A, o +; hydrogen concentration: - — r, =19%;
w0 —1m=29%; A, A—r,=47%;
e, o —ry, =58 %; - formula calculation (3)

Ha pwuc. 3 BugHO, 9YTO HECMOTpSI HA U3MEHEHHUE CKO-
POCTHOTO PEXUMa JBHUTATENs, KOJMUECTBA JOOABICHHO-
ro BOJOpona, Kod(pduimenta n30bITKa BO3AyXa, BHIA
ToruTMBa (TIPUPOMHBIA Tra3 ¥ OCH3WH) COXPAHSAETCS CTe-
IEHHAasl 3aBUCHMOCTH MAaKCHUMAajJIbHOTO [ABIICHHS B I[H-
JTUHIpe ABuraTens ot oovema KC:

P

rel = (Vrel )71’3 ' (3)

CpaBHEHHE HKCTICPUMCHTAIIBHBIX U PACUETHBIX 3HAUC-
HUI 1M0Ka3aj10 94-MpONECHTHYIO CXOAUMOCTh PE3YJIbTATOB.
CrenoBarenbHO, MEPOTIPHUSATHS, HAMpPABICHHBIC HAa CHHU-
xeHue odbema V (Harmpumep, 100aBieHrne BOJOPOaa, U3-
MeHeHHe Kod(duuuenTa U30bITKa BO3AyXa U T.1.), TIPH-
BOJISIT K YBEJIMUCHUIO MAKCUMAIILHOTO JIABJICHHSL.

4, 3akjouenue

Hcnonp30BaHue HOBOIO KOMIIO3UTHOI'O TOILJIMBA 3\8",
- G —

hythane, mpencTaBnsIomero cMech MPUPOTHOTO Tasza C
BOJIOPOJIOM, TIEPCICKTHBHO IJIsl MMOPIITHEBHIX YHEPTETH-
YEeCKHX YCTAaHOBOK. B pekxmMme XomocToro xoma u Oym3-
KAM K HEMYy YacTOTaM BpamleHHs KOJIEHYATOTO Bajia
JBUTATEIS, MAKCHMAJIBHOE JaBIICHIE B KaMepe CrOpaHuUs
3aBUCHT OT Kod(d¢uumeHTa H30bITKA BO3MyXa W JIOJIH
BOJIOPOZIA B TOIIMBE — YeM OeJHee TOIIMBOBO3IYIIHAS
CcMech M OOJIbIIEe KOJIMYECTBO J00ABISIEMOr0 BOAOPOJA,
TeM HMHTCHCUBHEE POCT JaBJICHHS. 3aKOHOMEPHOCTH,
BBISIBJICHHBIC B JIAHHOW CTaThe, NPUMEHHUMBI ISl IBUTra-
TeNne pa3HBbIX KOHCTPYKIMH, paboOTalomMX B Pa3HBIX
CKOpPOCTHBIX PEXUMaX U HCIONB3YIOIUX Pa3HOE yriie-
BOJIOPOJIHOE TOIUIMBO, YTO TOBOPUT O JOCTOBEPHOCTH U
YVHHUBEPCATBHOCTH CICIAHHBIX BBIBOJIOB. TakuMm oOpa-
30M, IS TOCTHOKEHUS. HAaHOOMbINeH 3HeprodpPeKTHBHO-
CTH KaMephl CrOpaHUs IIeNecO00pa3HO HCIIONb30BaTh
n00aBKM BOJOpOJA TPH paboTe ABHUTATENs Ha OCTHBIX
TOIUIMBOBO3/IYLIIHBIX CMECSIX, KOTJa BJIMSHHE BOAOPOJA
Ha JaBjeHHe MakcuMajbHO. [lony4deHHbIE Pe3yJbTaThl
OyIyT BOCTpeOOBaHBI MPH NMPOEKTUPOBAHUK U MOJIEPHH-
3a1uu SHEProdPHEKTUBHBIX U MAJIOIMHUCCUOHHBIX KaMmep
CropaHus JBHUTaTeseH, uenons3yromux hythane.

bBnazooapnocmu

Cmamuvsa  nybnuxyemcsi npu noodepdicke Munucmepcmea
HAYKU U ebicuie2o 06pasoeanusi P® 6 pamxax npospammel Ha-
sHauenus cmunenouu Ilpesudenma P®@ 0na monoovix yuenvix
CI1-3204.2018.1.

Acknowledgments

The article is published with the support of the Ministry of
Science and Higher Education of the Russian Federation as
part of the program for the appointment of a scholarship of the
President of the Russian Federation for young scientists " CI7-
3204.2018.1".

CHnHCOK JTUTepaTyphl

[1] Basshuysen, R.V. Internal Combustion Engine /
R.V. Basshuysen. — New York: SAE International, 2016.
—1130 p.

International Scientific Journal for
Alternative Energy and Ecology
© ScientificTechnicalCentre «TATA», 2000-2019

N
1< 1ARE o
@ U;)i][,&bu (292% 12;)6)

e 10-12 MexayHapoaHbI Hay4HbIM XXypHan
«AnbTepHaTMBHasA 3HepreTMKa U 3KONOrusa»

© HayuHo-TexHuu4eckui ueHTp « TATA», 2000-2019

-
7

‘n

MexdyHapoOdHbIt uzdamensckul dom Hay4yHol nepuoduku “Cnedc”

~
N



1
A7,

-~

-
N

SPACE
LN

International Publishing House for scientific periodicals “Space”

LWadkuH A.T1., lanues M.P. BnusHue xumundeckoro coctasa hythane Ha gaBneHue B kamepe cropaHus asuraTtensi

[2] UBaunukoBa, E.M. AlbTepHATHBHBIE TOILINBA
U BUTaTenei BHyTpeHHero cropanus / E.M. ViBanau-
koBa, B.I'. Cucrep, B.I'. YnupkoB // MexmyHapOIHBIH
Hay4yHBIH XKypHal «AJIbTEpHATHBHASI SHEPreTUKA U 3KO-
gorus». — 2014, — Ne 13. — C. 35-44.

[3] Bpuzuukwuii, O.®. O mepcrnekTHBax IMepeBoIa
JABUTATCJICCTPOCHNA Ha BOAOPOACOJACPpIKAIICC TOIIMBO /
0.0. bpusuukuii, B.S1. Tepenrses, B.B. bapenxo // Me-
JKAYHApOJHBI HayuHBIH JKypHan «AJbTepHaTUBHAs
sHepreTrka u skosorus» (ISJAEE). —2014. — Ne 20. —C.
95-102.

[4] Sandalci, T. Effect of hythane enrichment on per-
formance, emission and combustion characteristics of an
Cl engine / T. Sandalct, S. Galata, Y. Karagoz // Interna-
tional Journal of Hydrogen Energy. -2019.-No. 5.— P.
3208-3220.

[5] Tangoz, S. The effect of hydrogen on the perfor-
mance and emissions of an Sl engine having a high com-
pression ratio fuelled by compressed natural gas / S. Tan-
goz, N. Kahraman, S. Akansu // International Journal of
Hydrogen Energy. — 2017. - No. 5. - P. 25766-25780.

[6] CronspeBckuii, A.fl. TexHONOTHs MPOU3BOACTBA
BOILOpOILOMeTaHOBOﬁ CMECHU JJId1 aBTOTpaHCIOpTa U
snepretuky / A.Sl. CronsipeBckuii // MexTyHapoIHbIH
HaYYHBIM XKypHaa «AIbTepHaTUBHAS dHEPreTHKA U KO-
norusi»(ISJAEE). -2009. — Ne 5. - C. 8-16.

[7] Talibi, M. Influence of combusting methane-
hydrogen mixtures on compression—ignition engine ex-
haust emissions and in-cylinder gas composition / M.
Talibi, R. Balachandran, N. Ladommatos // International
Journal of Hydrogen Energy. — 2017. - No. 4. - P.
2381-2396.

[8] Verma, G. Experimental investigations of com-
bustion, performance and emission characteristics of a
hydrogen enriched natural gas fuelled prototype spark
ignition engine / G. Verma, R. Prasad, R. Agarwal //
Fuel.— 2016. - No. 178. - P. 209-217.

[9] Laget, O. Combining experimental and numerical
investigations to explore the potential of downsized en-
gines operating with methane/hydrogen blends / O. La-
get, S. Richard, D. Serrano // International Journal of
Hydrogen Energy. - 2012.-No. 15.- P. 11514-11530.

[10] Shaikin, A.P. Relationship of flame propagation
speed for methane-hydrogen fuel of the internal com-
bustion engine with parameters combustion engine with
parameters of ion current and hydrogen concentration /
A.P. Shaikin, I.R. Galiev // Russian Aeronautics. — 2016.
- No. 2. - P. 249-253.

[11] Barlow, T.D. A reference book of driving cycles
for use in the measurement of road vehicle emissions /
T.D. Barlow. — United Kingdom, 2014. — 284 p.

[12] Sudarmanta, B. Influence of Bioethanol Gaso-
line Blended Fuel on Performance and Emissions Cha-
racteristics from Port Injection Sinjai Engine 650 cc / B.
Sudarmanta // Applied Mechanics and Materials. — 2014.
- No. 7. - P. 273-280.

[13] Platts, D. Commissioning and Testing a Liquid
Petroleum Gas fuel system / D. Platts. — University of
Leicester, 2012. — 12 p.

[14] Ceper, B.A. Usability of hydrogen—natural gas
mixtures in internal combustion engines / B.A. Ceper. —
Erciyes Unversity, 2009. — 312 p.

[15] Gao, Z. Investigation on characteristics of ioni-
zation current in a spark-ignition engine fueled with nat-
ural gase hydrogen blends with BSS de-noising method /
Z. Gao, X. Wu, H. Gao // International journal of hydro-
gen energy. — 2010. — No. 35. — P. 12918-12929.

[16] Ma, F. Hydrogen-enriched compressed natural
gas as a fuel for engines / F. Ma, N. Naeve, M. Wang, L.
Jiang. — Natural Gas, 2010. — 606 p.

[17] Mohammed, S.E. Analysis of engine characte-
ristics and emissions fueled by in-situ mixing of small
amount of hydrogen in CNG / S.E. Mohammed, M.B.
Baharom, A.R. Aziz // Hydrogen Energy. — 2011. —No.
36. — P. 4029-4037.

[18] Hepsiues, A.J. DMnupuyeckas MOJCTb OLECHKH
KOHIICHTpAallU OKCUJOB a30oTa Mpu )Zl06aBKe BOJOpPOJa B
TBC nBurateneii ¢ uckpoBbIM 3axuranvem / A.JI. eps-
yeB. — ToawsaTTH, 2015. — 150 c.

[19] Neguresscu, N. Aspects of using hydrogen in S
engine / N. Neguresscu, C. Pana, A. Cernat // UPB
Scientific Bulletin, Series D: Mechanical Engineering. —
2012. -No. 1. - P. 11-20.

[20] Boprtaukos, JI.LH. CocTtaB mpoayKTOB CrOpaHHsI
0EH30BOIOPOJIOBO3IYIIHBIX cMecel B cepuuecKoil Ka-
Mepe moctosiHHoro oobema / JLH. Boptuukos [u ap.] //
Xumnueckas dpusuka. — 2011. — Ne 1. — C. 56-65.

References

[1] Basshuysen R.V. Internal Combustion Engine.
New York: SAE International, 2016; 1130 p.

[2] Ivannikova E.M. Alternative fuels for internal
combustion engines (Al'ternativnyyetoplivadlyadvigate-
leyvnutrennegosgoraniya). International Scientific Jour-
nal for Alternative Energy and Ecology (ISJAEE),
2014;13:35-44 (in Russ.).

[3] Brizitsky O.F. On the prospects for the transfer of
engine construction to hydrogen-containing fuel (O
perspektivakhperevodadvigatelestroyeniyanavodorodso-
derzhashcheyetoplivo). International Scientific Journal
for Alternative Energy and Ecology (ISJAEE),
2014;20:95-102 (in Russ.).

[4] Sandalc1 T., Galata S., Karagoz Y. Effect of hy-
thane enrichment on performance, emission and combus-
tion characteristics of an CI engine. International Jour-
nal of Hydrogen Energy, 2019;5:3208-3220.

[5] Tangoz S., Kahraman N., Akansu S. The effect of
hydrogen on the performance and emissions of an Sl
engine having a high compression ratio fuelled by com-
pressed natural gas. International Journal of Hydrogen
Energy, 2017,5:25766-25780.

[6] Stolyarevsky A.Ya. Production technology of hy-
drogen-methane mixture for motor transport and energy
(Tekhnologiyaproizvodstvavodorodometanovoysmesid-
lyaavtotransporta i energetiki). International Scientific
Journal for Alternative Energy and Ecology(ISJAEE),
2009;5:8-16(in Russ.).

International Scientific Journal for
Alternative Energy and Ecology
© ScientificTechnicalCentre «TATA», 2000-2019

. - ; Ne 10-12
Z ISIAEE e

MexayHapoAHbI Hay4HbIN XypHan
«AnbTepHaTUBHasA 3HepreTUKa v aKONOrmsa»
© Hay4yHo-TexHn4eckui LieHTp « TATA», 2000-2019

1
(7,

-~

sePace

MexdyHapodHbil uzdamensckul dom Hay4yHol nepuoduku “Cnedc”

S
LN



1
M7,

SPACE

N

International Publishing House for scientific periodicals “Space”

BogopoaHas akoHomuka. BodopodHasi akoHoMUuUKa. TpaHCNOpTHbIE cpeacTBa v NpMBOAbLI HAa BOOOPOAHOM TOMMMBE

[7] Talibi M., Balachandran R., Ladommatos N. In-
fluence of combusting methane-hydrogen mixtures on
compression—ignition engine exhaust emissions and in-
cylinder gas composition. International Journal of Hy-
drogen Energy, 2017;4:2381-2396.

[8] Verma G., Prasad R., Agarwal R. Experimental
investigations of combustion, performance and emission
characteristics of a hydrogen enriched natural gas fuelled
prototype spark ignition engine. Fuel,
2016;178:209-217.

[9] Laget O., Richard S., Serrano D. Combining ex-
perimental and numerical investigations to explore the
potential of downsized engines operating with me-
thane/hydrogen blends. International Journal of Hydro-
gen Energy, 2012;15:11514-11530.

[10] Shaikin A.P., Galiev I.R. Relationship of flame
propagation speed for methane-hydrogen fuel of the
internal combustion engine with parameters combustion
engine with parameters of ion current and hydrogen con-
centration. Russian Aeronautics, 2016;2:249-253.

[11] Barlow T.D. A reference book of driving cycles
for use in the measurement of road vehicle emissions.
United Kingdom, 2014; 284 p.

[12] Sudarmanta B. Influence of Bioethanol-Gasoline
Blended Fuel on Performance and Emissions Characte-
ristics from Port Injection Sinjai Engine 650 cc. Applied
Mechanics and Materials, 2014;7:273-280.

[13] Platts D. Commissioning and Testing a Liquid
Petroleum Gas fuel system. University of Leicester,
2012; 12 p.

[14] Ceper B.A. Usability of hydrogen—natural gas
mixtures in internal combustion engines. Erciyes Unver-
sity, 2009; 312 p.

[15] Gao Z., Wu X., Gao H. Investigation on charac-
teristics of ionization current in a spark-ignition engine
fueled with natural gase hydrogen blends with BSS de-
noising method. International Journal of Hydrogen
Energy, 2010;35:12918-12929.

[16] Ma F., Naeve N., Wang M., Jiang L. Hydrogen-
enriched compressed natural gas as a fuel for engines.
Natural Gas, 2010; 606 p.

[17] Mohammed S.E., Baharom M.B., Aziz AR.
Analysis of engine characteristics and emissions fueled
by in-situ mixing of small amount of hydrogen in CNG.
Hydrogen Energy, 2011;36:4029-4037.

[18] Deryachev A.D. Empirical model for estimating
the concentration of nitrogen oxides with the addition of
hydrogen in fuel assemblies of spark-ignited engines
(Empiricheskaya model' otsenki kontsentratsii oksidov
azota pri dobavke vodoroda v TVS dvigateley s is-
krovym zazhiganiyem). Togliatti, 2015; 150 p. (in
Russ.).

[19] Neguresscu N., Pana C., Cernat A. Aspects of

using hydrogen in Sl engine.UPB Scientific Bulletin,
Series D: Mechanical Engineering, 2012;1:11-20.

[20] Bortnikov L.N., Pavlov D.A., Rusakov M.M.,
Shaikin A.P. The composition of combustion products
formed from gasoline-hydrogen-air mixtures in a con-
stant-volume spherical chamber. Russian Journal of
Physical Chemistry B, 2011;1:75-83.

TpancaumepayusnoBSI

VIII MexnayHapoanas koHpepeHIus «Jledopmanus u pa3pyleHre MaTepruaioB U

HaHOMAaTEepUuajIoBy

19-22 nosn6ps 2019 r. 8 Mockse (MMET PAH)

Perucrpanus u npuem Matepuanon Te3ucos a0 15 urons 2019 rona

T A
} —:';L_ -
- a

Kirouesoit 3amaueit Kondepennun siBisieTcs KBUTN(QUIMPOBAaHHOE 0OCYKAEHHE NPOOIEeM NMPOYHOCTH M JOJITOBEYHOCTH HO-
BBIX ¥ 3aPEKOMEHIOBABIINX ce0sl MaTePHaJIOB B AETAIAX KOHCTPYKIHI COBPEMEHHO MPOMBIIIICHHOCTH.

IMporpamma KondepeHnmu BKIIoUaeT IIEHAPHBIE JOKIAAEl BEIYIIUX YIEHBIX M PYKOBOIUTENEH MPENPUITHIL, MOJIOBIX JIay-
peaToB Hay4YHBIX POCCUHCKUX MPEMHUH, YCTHBIE U CTEHIOBbIE JOKIA bl

Haqume CCeKIIUHu

Cexnus 1 O6ume 3akOHOMEPHOCTH HPOLECCOB AeopMaliu U paspyIIeHNs] MAaTepUaIoB Ha HAHO-, MUKPO- U MaKPOYPOBHSIX.

Cexkuus 2 Pa3paboTka TEXHOJOTHH MOTyYEHHs YIbTPaMeIKO3epHUCTBIX MaTepHaoB, OCHOBAaHHbIX Ha Ipolieccax MiacTHye-
cKkoii gehopmanuu.

Cexnus 3 HoBble cTany n cIutaBbl, 00J1afafoniue MepCIeKTUBHON CTPYKTYPOH M BEICOKMM KOMIUICKCOM MEXaHHYECKHX Xa-
PaKTepUCTHK.

Cexnus 4 KoMo3nuImoHHbIe MaTepHAITBl X IIOKPBITHS C YITyIIICHHBIMIA MEXaHUIECKUMH 1 TPHOOTEXHUUECKUMH CBOICTBAMIL.

U IPYTHUE CEKINH

B pamkax Kongepenimu npoiiner MonoaexHas MIKoJa-KOHpEepEeHIHs.

www.icp.ac.ru

International Scientific Journal for
Alternative Energy and Ecology
© ScientificTechnicalCentre «TATA», 2000-2019

Ne 10-12
@ M=oy S -
Uc ),J Z,\X 22 (292%12;)6)

MexayHapoaHbI Hay4HbIM XXypHan
«AnbTepHaTMBHasA 3HepreTMKa U 3KONOrusa»
© HayuHo-TexHuu4eckui ueHTp « TATA», 2000-2019

1
A7,

sPace

MexdyHapoOdHbIt uzdamensckul dom Hay4yHol nepuoduku “Cnedc”

~
LN


https://www.icp.ac.ru/ru/news/v-mire-nauki/konferentsii/konferentsii-russia/6315-viii-%D0%BC%D0%B5%D0%B6%D0%B4%D1%83%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F-%D0%BA%D0%BE%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D1%8F-%C2%AB%D0%B4%D0%B5%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F-%D0%B8-%D1%80%D0%B0%D0%B7%D1%80%D1%83%D1%88%D0%B5%D0%BD%D0%B8%D0%B5-%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2-%D0%B8-%D0%BD%D0%B0%D0%BD%D0%BE%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2%C2%BB,-19-22-%D0%BD%D0%BE%D1%8F%D0%B1%D1%80%D1%8F-2019-%D0%B3-,-%D0%B3-%D0%BC%D0%BE%D1%81%D0%BA%D0%B2%D0%B0.html
https://www.icp.ac.ru/ru/news/v-mire-nauki/konferentsii/konferentsii-russia/6315-viii-%D0%BC%D0%B5%D0%B6%D0%B4%D1%83%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F-%D0%BA%D0%BE%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D1%8F-%C2%AB%D0%B4%D0%B5%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F-%D0%B8-%D1%80%D0%B0%D0%B7%D1%80%D1%83%D1%88%D0%B5%D0%BD%D0%B8%D0%B5-%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2-%D0%B8-%D0%BD%D0%B0%D0%BD%D0%BE%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2%C2%BB,-19-22-%D0%BD%D0%BE%D1%8F%D0%B1%D1%80%D1%8F-2019-%D0%B3-,-%D0%B3-%D0%BC%D0%BE%D1%81%D0%BA%D0%B2%D0%B0.html

