B pa3pnenax KHUrM BMepBble MOKa3aHbl pe3ysibTaTbl WCMbIT aHWA
OBUraTenem BHyT peEHHEro CropaHns C TOMJIMBHOW CMECbIo, UMEIOLLIEN
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OMyJIbCMN, MMEIOLLEN TFULPaB/MYECKYI0 MNaMATb (OpPMbl B paMKax
HaHOKanmncysa, MMeKLWnx Bua chepndecknx saep u3 Boabl UAKM U3
OHJlaWH B peXume peasibHOro BPEMEHN KOHOEHCUPOBAHHOW U3
BbIXJIOMHbIX Fa30B »XWUAOKOCTU Cc obosiloykon un3 6eH3uHa win
OV3e/IbHOr0 TOoMJanBa, NMpY 3TOM ToJiMHa 060/104KM NpenCcTaBJsieHa
B HaHO Mana3oHe.
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Berynnenune

TexHuueckoe MPeAIoKCHHE MO0 UCHBITAaHUAM METOJa CMELIMBAHUS IU3EIBHOIO
TorBa Ne 2 ¢ BOJOH B pas3siUuHBIX HPONOPLHUAX MEKAY AU3EIBHBIM TOIUIMBOM U
BOZOM.

IMponopuuy cMelBaHus B UI€aIbHOM BapUaHTe JOJDKHBI cOCTaBUTH 50% BOJIbI
Ha 50% AU3eIbHOro TOILIMBA.

HcnbiTanust nenecooOpasHo mpoBoauTh, HauumHas ¢ 10% Boxsl Ha 90%
JM3€IbHOTO TOIUINBA, IOCTEIEHHO YBEIMUYUBAsi KOJIMYECTBO BOJBI IIAr 3a 11aroM Ha 5%,
COOTBETCTBEHHO YMEHbLIAs 1Al 3a I1arOM KOJIMYECTBO JU3€IbHOIO TOIUIMBA B CMECH Ha
5%.

JUIs npUroToBieHUs CMecH Qu3eibHOro Tomua Ne2 ¢ Bomo#l mpennosaraercs
IIPUMEHATh OOBIYHYIO BOJOIPOBOJIHYIO BOJLY, 0€3 IpeiBapUTeNbHOIl 00paboTKM MM
¢bunbrpanuu. IToqo6Has npakTuka OblUia ucneltana B Jlusonuu (eTpoiit) npu obuiei
MUHEepalu3aluy BoJbl He Bble 200 MIIIIUTPaMM Ha JIUTP.

BBuny Hanuuns y Hamieli KOMIIQHUM COOTBETCTBYIOLIMX 0a30BBIX TEXHMYECKHX
peLICHU, Ha MOCJISAYIOINX CTAAUSAX HCIBITAHMH IpeluiaraeTtcsi MPUMEHSATh Ty XKe
BOJIOIIPOBOJHYIO BOJY, Yy KOTOpPOH B 3JIEKTPOXMMHUYECKOM peakTope (M300peTeHue
Hamreif KOMIaHuM) Oy/IeT yBeIn4eH YPOBEHB METOYHOCTH 10 11 equHwmI,

VuuteiBasi Ba)KHOCTb UMEHHO IIPOBEPKM KauecTBA IOPEHUS MOIYYEHHOH cMecu
JM3€IbHOrO TOILIMBA U BOJbI, @ TAKXKe aHalInu3a YPOBHS 3arPsI3HEHMS BBIXJIOIHBIX I'a30B
OKHCJIAaMU a30Ta U CaxKed, MpeaiaraeM MCIbITAaHUS IIOJyYEeHHOH NpHU CMEIIUBAHUU
9MyJBCUH HauaTh C MCHBITAHUN NpH IPUMEHEHHM 3TOH sMysbcuu B Ooiinepe (c
pabouNMH XapaKTePUCTUKAMH, YKa3aHHBIMH B OTBETaX HA HAIITH BOMPOCHI).

Hama xomnanus pacrosaraeT yCTpOMCTBaMM JiIl KOMIUIEKCHOIO CMEUIMBaHUS U
aKTUBUPOBAaHMS TOIUIMBHBIX cMeceil ¢ pabouyuMm auaMeTpoM 25 MUIIMMETPOB, C
[IPOU3BOJUTENILHOCTBIO:

- MaKCHMajbHas 7.5 TaJUIOHOB B 4ac

- MHUHHUMaJbHas 2.5 TaJJIOHOB B Yac

Jliist obecrieueHyss HAMHOIO MEHBIINX YPOBHEH NPOU3BOAUTEIBHOCTH, TPEOYEMBIX
IPEAJIOKEHHBIM Ul HUCHObITAaHUH  OoillepoM, cHELUanuCThl Hameld KOMIIaHUM
IIPeAIaraloT Ha UMEIOIEMCS IIPUCTIOCOOJICHUN IPUMEHUTh CUCTEMY OTBOJA U3JIUIIHEH
9MYJILCUU B JOMNOJHUTEIbHBIN 0aK WU EMKOCTD.



Jlns onpeneneHusl XapakTepa Mpolecca U TeXHOJIOTHH M MOTYYCHHONH 3MYJIbCHH
OyznerT HeoOXOAMM TOT K€ KOMIUIEKC O00OpYAOBaHMs W TPHCIIOCOOJCHUI, BKIIIOYAs U
HM3MEpHUTENbHBIE TIPHOOPHEI M HHCTPYMEHTHI.

OueHb BaXHBIM SBIISETCS W3MEPEHHME TEeMIepaTypbl IUIAMEHH IIPU CrOpPaHUU
SMYJIBCUH, YTO 0053aTEIbHO HEOOXOMMO MPEyCMOTPETh.

B cityuae cornacus ¢ npeJyuiosKeHHBIM MTOPSAKOM IPOBEACHUS UCIBITAHWH, Hallla
KOMITaHUsI TIPEIJIOKHUT W COINIACYeT C BaMH NPOTOKOJ WCIBITAHUW M JIE€TaJIbHBIN

pabounii TU3aiiH UCTIBITATEILHOTO 000PYJOBAHUS UM UCIBITATEILHOIO CTCHAA.



O0masi XapaKTepUCTHKA 3MYJbCHH, KOTOPble MOrYT ObITh NOJY4YeHbl NPH
NOMOIIY YCTPOiicTBa JJIsl JUHAMHMYECKOr0 CMeIlMBAHUS W THAPOJIUHAMHYECKOr0
AKTHBHPOBAHMS KUIKOCTel B PA3BUTOM TYpPOYJeHTHOM IOTOKe

XapakTepUCTUKA SMYJIbCHH, KOTOpble MOIYT OBbITh IIOJNyYEeHbl IPH I[IOMOLIU
yCTpOHCTBA IJIs1 AUHAMUUYECKOTO CMEIIMBAHUS U IMIPOIMHAMUYECKOIO aKTUBUPOBAHUS
KHUIKOCTEH B pa3BUTOM TypOyJIEHTHOM IIOTOKE

OMyNbCUM MOTYT OBIThb IIOJIYY€Hbl B AMHAMUUYECKH aKTHMBHOM IIOTOKE OJHOU U3
KUAKOCTEH, BXOIAMINX B OMYIBCHIO. [I7Isl U3TOTOBICHHSA SMYIIECHH HET HEOOXOIIMOCTH
IIPUMEHSATh TEXHOJIOTMYECKUE EMKOCTH, YCTPOWCTBO [yl HPUIOTOBICHHMSA SMYJIBCHH
SIBJISIETCS 4acThIO TPyOOIIpOBOIA.

JUI [pUroTOBIEHUs SMYJIbCUUM HET HEOOXOAUMOCTH IPUMEHATH BBICOKOE H
CBEPXBBICOKOE JIaBJICHUE, 4 TAKXKE HET HEOOXOAUMOCTH B IPUMEHEHUU YJIBTPa3BYKOBBIX
TEXHOJIOT .

Bpemsi npuroToBieHus 3MyJIbCUM HE INPEBBIIACT J0Jei cexyHnbl. IlapameTpsl
SMYJIbCUH, B TOM YHUCJIE U Pa3MEpPbI YaCTUL] €€ KOMIIOHEHTOB OIPEEIII0TCS TeoMeTpuei
COOTBETCTBYIOLIMX CEKLHU U AeTajell ycTpoUCcTBa A JUHAMHYECKOIO aKTHUBUPOBAHUS
KHAKOCTEH B Pa3BUTOM TypOYICHTHOM MOTOKE.

Ilpouecc HmpPUrOTOBIEHUS 3MYJIbCUM IMPOUCXOIUT B OJHO U TO XK€ BpeMs C
roMoreHusanueil He TOJABKO IO pa3MepaM 4YacTULl KOMIOHEHTOB 3MYJIbCUM, HO M IO
YPOBHIO TypOYJICHTHOCTH MOTOKA:

OOmue cBoiicTBa 5Mynbcuil, B KOTOPBIX COJIEpKaHHE OpPraHMYECKUX
KOMIIOHEHTOB TIPEBBINIAET COAEPKAHUE HEOPraHMYECKUX KOMIIOHEHTOB M KOTOpBIE
IIOJTy4Y€HBI TP NOMOILM YCTPOMCTBA JUls JMHAMUYECKOTO aKTUBUPOBAHUS KUJKOCTEH B
Pa3BUTOM TYpOYJIEHTHOM IIOTOKE:

L. OOmue cBoOWCTBAa 5MyJbCUH, B KOTOPBIX COJEp:KaHME OPraHUYECKHX
KOMIIOHEHTOB MEHBIIIE, Ye€M COJCP)KAaHUE HEOPraHMYECKUX KOMIIOHEHTOB, U KOTOpbIC
[OJTY4Y€HB! IIPYU MOMOIIYU YCTPOHCTBA Ul JMHAMUYECKOTO aKTUBUPOBAHUS KUIKOCTEH B
Pa3BUTOM TypOYJIEHTHOM IOTOKE

2. OOmue cBOWCTBa AMYJbCHH, B KOTOPBIX COJCp)KaHUE OPraHUYECKUX H
OMOJOrMYECKMX  KOMIIOHEHTOB  IIPEBBINIAET  COJAEPXKAHME  HEOPraHUYECKHX
KOMIIOHEHTOB, M KOTOpBIE IIOJIy4eHBI IPU IOMOLIM YCTPOMCTBA U JAMHAMHUYECKOIO
aKTUBUPOBAHUS JKUJKOCTE! B Pa3BUTOM TYPOYJICHTHOM IOTOKE

3. OOmue cBoiicTBa 3MyIbcUll, B KOTOPBIX COIEP)KAHUE OPraHUYECKUX U



OMOJIOTMUECKHUX KOMIIOHCHTOB MCHBIIC, (5% COACpIKAHNC HCOPraHN4ICCKUX
KOMIIOHCHTOB, U KOTOPBIC ITOJYYEHBI NPH IMOMOIIU yCTpOﬁCTBa JJIA JUHAMHYE€CKOI'O

AKTUBHPOBAHMS KHUJKOCTEH B pa3BUTOM TypOyJIEHTHOM IOTOKE.

Pucynox 1. IIpuMep aBTOMOOWIIS, B KOTOPOM MOXKHO UCIIOIb30BAaTh OIMHUCAHHYIO

TEXHOJIOTHUIO



Hosas BepCUsl TEXHOJOIHH TPUTOTOBJICHUSA 3My.III>CI/Iﬁ B006H_le u
TOINIMBHBIX 3MyJIbC]/Iﬁ B YaCTHOCTH

OCHOBHOE OTJIIMYME MPEAIaraeMoil BEpCHHU MOTYUCHHS SMYJILCHU 3aKII0YaeTcs B
TOM, 4TO:

- MYJIbCHS POPMHUPYETCS B YCTPOMCTBE Ul ANHAMUYECKOTO CMEILINBAHUS U
AaKTMBMPOBAHMs KHMJKOCTEH M Tra3oB, B JAMHaMH4YHOM motoke 60 % omgHOro wus
KOMITOHEHTOB AMYJIBCHU B KOTOPBIA TakKe B BHIEC TUHAMHYECKOTO MOTOKA, BBOASTCS
40% »9TOTO XK€ KOMIIOHEHTa AMYIBCUH M IIOCIIE 3TOTO B MecTo coenuHeHUs 60 u 40
MIPOLICHTOB OJTHOT'O M3 KOMIIOHEHTOB 3MYJIbCUU BBOJHUTCS BTOPOI KOMIIOHEHT SMYJIbCUU,
TaKke B BUJIE IMHAMUYECKOTO TIOTOKA;

- rotoku 60 u 40 MPOIEHTOB OJTHOTO M3 KOMIIOHEHTOB AMYJIBCHH SIBISIOTCS
KOAKCHAJIbHBIMUA U COOCHBIMHU B TPEXMEPHOM IIPOCTPAHCTBE, B KOTOPOM 3TU (hparMeHThI
TMOTOKOB JABHXXYTCH,

- IIpU 3TOM JIMHEWHBIE CKOpOCTH ABIKEHHA mnoroka u3 40% omgHoro us
KOMIIOHEHTOB 3MYJbCHUM KaK MHUHUMYM B 4 pa3a NPEBBILAIOT JMHEHHbIE CKOPOCTU
notoka u3 60% 3Toro ke KOMIOHEHTa dMYJIbCUH;

- ¢)H3I/IquKHC ycioBusa B MECTE€ COCAMHEHHA OTHUX IIOTOKOB, BKJIOYas
KoHIeHTpuueckue Hdpdextsl bepHyInM B KaxIOM U3 IMOTOKOB 00ECICUHBAIOT
TOMOTCHHU3AIMI0  TypOYJIEHTHOCTH  OOBEOUHEHHOTO  TOTOKAa  (TypOyJCHTHYIO
TOMOTEHHU3AIINIO );

- I[I/IHaMI/I‘IeCKI/Iﬁ TIIOTOK BTOPOI'O KOMIIOHCHTA SMYJIbCUU BBOAUTCS B 30HY, B
KOTOPOH OCYIIECTBICHA TypOyJISHTHAS! TOMOT €HU3ALINS;

- MHTETPUPOBAHHBIN NTOTOK MOMTYYSHHOH SMYJIBCUU NPHOOPETAaeT COCTOSIHUE
TOMOTEHH3AIMU YPOBHS TypOYJIEHTHOCTH 10 BCeMY 00BEMY HHTETPHPOBAHHOTO MOTOKA
BO BCEX TOYKAX CEUCHUSI ITOTO TTOTOKA;

- BpeMsI 3TOro Tporecca GOpMHUPOBAHUS TOMOTCHU3UPOBAHHON MO YPOBHIO
TypOYJIEHTHOCTH AMYIBCUH TI0 pacuéram cocTtaBisieT He Oonee 0.1 cexyHmabl;

- BBIXO U3 yCTpOﬁCTBa AT JMHAMHWYCECKOI'o CMEIIMBaHUA U aKTUBUPOBAHUSA
JKHIKOCTEH M Ta30B B WHTETPHPOBAHHOM (M300PETEHHOM) YCTPOMCTBE HANpPSIMYIO
COeIMHEH C BXOJOM B CTAHIAPTHBIH HACOC BBICOKOTO IaBJieHHs (MPUMEHsSeMBIH Ha
JTF000M COBPEMEHHOM JBHTaTeJe BHYTPCHHETO CrOpaHMsl KaK JHU3EbHOM, TaK H
OCH3UHOBOM);



- UHTEpBaJl BpEMEHU, HEOOXOAUMOro AJIs Iepexojia NEPBUYHON SMYIbCUU C
FOMOT€HU3UPOBAHHBIM ypPOBHEM TypOyJIEHTHOCTH B pabouue IUIMHAPBI Hacoca
BBICOKOTO JIaBJICHUS HE MIPEBBIIIACT 10 pacuéTam Taroke 0.1 ceKyHabl;

- B HACOCE BBICOKOI'O JABJIECHUS 3MYJIbCUsSI C TOMOI€HH3UPOBAHHBIM YPOBHEM
TypOYJIEHTHOCTH C)KUMaeTcs M0 fJasieHuss Oonee 2000 OGap, 4TO MO3BOJISET
HPEANOJIOKUTh, YTO, CIENys ONPEAEICHHUI0 HAaHO — HMYJIBCHUM, NPH TaKOM YPOBHE
CKaTUS IPOUCXOAUT elE OANH LMK TOMOTCHU3ALUH SMYJIbCHH, BO3HUKAIOIIEH pH e
CKaTUH B 3AMKHYTOM 00BEME, YTO MOXKET KBaTH(DUIIMPOBATHCS KaK IPOLECC MOTydSHHUS
HAHO 3MYJIBCHM CO BCEMHU CBOMCTBAMH M MPEUMYILECTBAMU HAHO HMYIIbCHUH;

- BBUJY TOTO, YTO OT MOMEHTA BO3HMKHOBEHMS I'OMOTE€HHU3AlUU 110 YPOBHIO
TypOyJIEHTHOCTH 10 MOMEHTa BO3ZHMKHOBEHHUS TOMOTCHU3AIMN OT CKaTHUs MPOXOAUT HE
6oee 0.2 ceKyHbI, ¢ Y46TOM HHEPTHOCTH 3TUX MPOIECCOB B IIOTOKE KHUIKOCTH, MOKHO
CUHUTATh IPOLECC [TOJIHOM FOMOI€HU3ALUH OJTHOCTbIO OJHOPOAHBIM;

- YKa3aHHbI ~ HMHTETrpajbHbIM  mpouecc (OPMUPOBaHMS  JBOWHOW W
TpEXMEPHOH IOMOreHM3allud B  HENPEepblBACMOM  JMHAMUYECKOM  OJHOPOIHO
TypOYJIEHTHOM HOTOKE CMEIINBAEMBIX B SMYJIBCHIO JKUJKOCTEH TakUM 00pa3oM MOXHO
CUUTATh IOCJIEA0BATEIbHBIM IIPOLIECCOM TOMODEHU3AIMH IMYIIbCUU U €€ TIepeXoJjoM B
KOHIIE Ipoliecca B KaTErOPUI0 HAHO dMYJIBCHIL;

ITo sToMy MeTOy HaMu OblIa B TIOTOKE COPMHUPOBAHA IMYIBCUS U3 TU3EIHHOTO
TOIUIMBA M BOJOIPOBOJHONW BOJBL, KOTOpas NMpH CKUTaHUM B KaMmMepe CropaHus
JU3EJIHOrO JIBUTATENsl I0Ka3ajla HEeOoObIYHbIE I10Ka3aTelMd, HEe BCTPEYaroluecs B
myOIMKaUAX, M HE OTMEYCHHblE B ONYOJMKOBAaHHBIX pE3yJlbTaTaX HayuHBIX
9KCIIEPUMEHTOB U MCCIIEIOBAaHUN. DTO MO3BOJIAET HMPEANONIOKHUTh, YTO ObLIA MOTyYeHa
UMEHHO HAHOAMYJIBCHS, YTO KOCBEHHO MOATBEpP)KAACTCSA M MpH aHanuse (ororpaduit
9MYJIBCHUH 110J] MUKPOCKOTIOM.

WuTerpupoBaHHOe YCTPOHCTBO, COCTOALIEE M3 CHCTEMbl CMEIIMBAHUA W
TOMOTEHH3AIMU YPOBHS TYpOYJIEHTHOCTH SMYIJIBCHHU, CBS3AaHHOHW HAIPSMYIO C HACOCOM
BBICOKOTO [JaBJIEHHMA KaK OOBEKTOM pPa3MEpHOHl TIeoMeTpUUYECKOH TroMoreHu3anuu
SMYJIBCUU TOJ JaBJICHHWEM, 3a IMpelelbHO Majoe BpeMs MeXIy JTarnamMu
TOMOTEHH3alUM, NP MaKCHUMalbHOM OJHOPOAHOCTH PACIpPENENCHUsT YacTUL[ OJHOTO
KOMIIOHEHTa 3MYJIbCUU B 00BbEME TOMOI€HH3UPOBAHHOIO 110 YPOBHIO TypOYyJIEHTHOCTH
BTOPOTO KOMIIOHEHTa OMYIJBCHHU, IO3BOJISET KBaIH(GHUIUPOBATH I10CIECAOBATEIBHBIN
npouece (GOPMHUPOBAHUS SMYJIBCHU KaK HOBBIH M TO3BOJIAIOIIMN MOIYYHUTH ABOHHYIO
TOMOT'€HU3AINIO AMYJIBCUU C MEPEXOJIOM ATOM AMYIbCUU B KaTETOPUIO HAHOAIMYJIbCUH,



HO C HOBBIMH KPUTEPHUSIMH OJHOPOJHOCTH KakK IO TE€OMETPHM, TaK U MO YPOBHIO
TypOYJIEHTHOCTH.

O1H BaKTEI TOBOPSAT O TOM, YTO ONMUCAHHBIN MPOIECC U HHTETPaIbHOE YCTPOHCTBO
JUISL €ro peallM3aliH SBISIOTCS HOBBIMH M HE OYEBHIHBIMU JUIS JIIOOOTO CpemHei
KBaJM(UKALNY CIIEIMAINCTA B 9TOH 00JacTH.

Uro n3o0pereHo:

- HOBBI BHJ] HAaHOAMYJbCUHM C JBOHHON TpEXMEpPHON roOMOreHu3anuei B
JUHAMHYECKOM MOTOKE KaK 110 YPOBHIO TYpOYJIEHTHOCTH, TaK U 110 T€OMETPUH YacCTHIl B

eé 00BéMe;

- HOBBI BHJ ¥ KOHHUrypamus amnmapara JUis —[0CJIe0BaTeIbHOMN
FOMOTEHH3AIlMd B Pa3BUTOM JHHAMHYECKOM TIOTOKE >KHAKOCTEM — KOMITOHEHTOB
IMYIBCUH.

Pucynox 2. Ilpumep aBToMOOUIIS, B KOTOPOM MOXKHO UCIIOIb30BAaTh OIMUCAHHYIO

TEXHOJIOTUIO



OMyJabCHI

OMyNbCHH, B KOTOPBIX KOMIIOHEHTBI OPTaHUYECKOTO ITPOUCXOMKIACHNS CMEIIIaHbI C
BOZOH. B 9THX 5MyNbCHAX KOMITOHEHTBHI OPraHMYECKOTO IPOMCXOXKICHUS BBEICHBI B
Boay. KoMIIOHEHTaMH OpPraHUYECKOro MPOUCXOXKICHUS MOTYT OBITh YIIIEBOJIOPOIHBIC
JKHIKOCTH, JKUIKOCTH, COAEp)Kallde BBICOKHE KOHIEHTPAIllMd IKAPOB, Macla,
apOMaTUUYECKUX YIIIEBOAOPOAOB U T. II.

B sMmynbcuAX 3TOro TUIA COJIEpPKAHHE OPraHMYECKUX KOMIIOHEHTOB B BOJE HE
npesbimaer 50% OT Beca Beel HIMyJIbCHHU, HO B OOIBIIMHCTBE ciydaes 310 10 — 20 % ot
Beca Bceil aMynbcun.

Hanbonee BaxHBIE TapaMeTPhl TAKUX IMYJIBCHIL:

- pasMepbl YaCTULl UJIN KaIlCJIb )XUJIKOCTH OPraHu4Y€CKOTO MPOUCXOKIACHU B
BOJIC;

- PaBHOMEPHOCTh PACIpeeICHHs YaCTHIl OPTaHUIECKOTO MPOUCXOKICHUS B
BOJIC;

- yCTOﬁ‘II/IBOCTb pasMEpoOB YacCTHUL] MJIKU KallCjlb XUIAKOCTH OPraHu4Y€CKOro
MPOUCXOKICHUA, TOBTOPAEMOCTb OTHUX pPasMEpoOB U TICPUOA BPCMEHH, B TCUCHUU
KOTOPOT'O COXPaHSETCs] PABHOMEPHOCTD pacIpeAeIeH s dTHX YacTHI B 00BEME BOJIBL.

UcnpiTanus sMynsCUil 3TOrO TUMA MOTYT MMETh HEMOCPEIACTBEHHBIM XapakTep
HU3MEPEHUH, IpU KOTOPOM 3MYIbCUu hopMupyroTes Ha Y cTpoiicTBe 11t HOpMUPOBAHUS
SMYJIbCUH, U TIOyYEHHAs! SMYJILCHS UCCIIEAYETCs Ha TIPeMET U3MEPEHHS :

- pa3MepoB YaCTHI[ WM Kallelb >XHIKOrO KOMIIOHEHTa OpPraHHYeCcKOro
MIPOUCXOXKIICHUS B BOZIC;

- PaBHOMEPHOCTH M OJHOPOIHOCTH paCIpeeeHHs YacTHIl OpraHHYecKOro
MIPOUCXOXKIICHUS B BOZIE;

- JUINTENBHOCTH TEpHOoJa YCTOMYMBOCTH pPa3MEpOB YacTHI[ WM Karellb
JKHIKOCTH ~ OPTaHMYEeCKOTO  IMPOHMCXOXKACHHS,  COXPAaHCHHE  TI'eOMETPHUYECKOM
MOBTOPSEMOCTH O3THX pPa3MepOB 3a ONPEICeNEHHBIH TepHoJ BPEMEHU, H, IEPHOJ
BPEMEHH, B TEUEHUM KOTOPOTO COXPAHIETCS PaBHOMEPHOCTb pacCIpeAeieHHs 3TUX
4acTHIl B 00bEME BOBI.



OMYJAbCHH M UX OTJIMYHUS B 3aBHCUMOCTH OT pa3MepHbIX paKkTopoB

PasMepbl yacTull JKHAKMX KOMIIOHEHTOB SMYJIBCHI OIPEACISIOT OCHOBHbBIC
CBOWCTBA M XapaKTEPUCTUKU SMyJbcHi. UYem MeHble pa3Mepbl YacTUI], TEM BbILIC
Ka4yecTBO dMYJbCUH. [IpOM3BOACTBO 3MYJbCHH MO TEXHOJIOTMU M HAa YCTPOHCTBE IS
JUHAMHYECKOT0 CMEIIMBAHUs, TOMOTCHU3ALMN U aKTHBUPOBAHUS, TIO3BOJISIET ITOJIYYUTh
MUHHMMAaJIbHbIE 3HAYEHHs pa3MepOB YacCTHIl. DTOT MapameTp SBJISETCS OCHOBHBIM IpHU
KBUIM(UKALIMKM DMYJICUM KaK MHHUAIMYJIBCHS, KaK MHUKPOAMYJIbCHS M Kak HaHO
IMYJIBCHUSL.

IIpu mepBBIX MCHBITAHUAX IIpOLiecca MPUTOTOBICHHUS MYJIbCHU HAa YCTPOUCTBE
JUISL TUHAMHUYECKOTO CMEUIMBaHMS, TOMOT€HH3AIMN M aKTHBUPOBAHMS OBUIN IOTYYEHBI
MIPU3HAKH MHOTOYPOBHEBOTO  pACIIOJIOKEHHMs KallCydl M aBTOHOMHBIX YacTHI]
KOMITOHEHTOB. DTOT (aktop TpedyeT Ooiee MoApOOHONW M AETalbHOW NMPOBEPKH TIPH
MOCJIEYIOMINX UCTIBITAHUSX.

OMyIbCHM M HMX OTJIUYUS B 3aBHCUMOCTH OT (AKTOPOB pPaBHOMEPHOCTH
pacrpenesieH|ss 4acTHI[ JIOTIOJHUTEIBHOrO0 (HE JIOMHMHHUPYIOIIET0 KOMIIOHEHTA) B
00BbEME TOMUHUPYIOLIEr0 KOMIIOHEHTA.

OMYJAbCHH M MX PA3JINYHUS B 3aBUCHMOCTH OT MeTO/1a TOMOTeHU3aIlUU

B kmaccuueckux TEXHOJOIHMSX IIPUTOTOBJICHUS SMYJIbCUH Ui TOMOTEHHM3AaLUU
NPUMEHSIOTCS  pa3iuyHble XUMHYECKHe peareHThl. llpm  npumeHeHuu — auis
NPUTOTOBJICHUSI  OMYJBCHHM YCTPOWCTBA sl JMHAMHYECKOTO  CMELIMBaHMUS,
TOMOT'CHU3aMH ¥ aKTUBUPOBaHUs 00a dTarna rOMOTeHU3alUKH OCYLIECTBISIOTCS TOJIBKO
32 CYET TEOMETPHM YCTpoiicTBa 0e3 KakuX-TM00 XMMHUYECKHX pPEareHToB, IIpH
YJIy4llIEHUH OCHOBHBIX CBOIMCTB M KauecTBa AMYJIbCHUHU.

OMYJbCHH M HX OTJIMYHMS B 32aBHCHMOCTH OT MOCJIeJOBATEJLHBIX LIATOB
rOMOreHH3aluu

B 5MyJibCHSAX KIACCHYECKOrO THUIIA OTCYTCTBYST T'OMOICHH3AIMs IO YPOBHIO
TypOYJIEHTHOCTH.

B yCTpOﬁCTBe JUJISL JUHAMHUYECCKOT'O CMCIIMBAaHWA, TOMOT'CHH3alInn n
aKTHBHPOBAHHUs KaK HCKJIIOYMTEIBHOE CBOMCTBO W HPEHUMYIIECTBO HMEETCs
BO3MOXKHOCTb B IIPOLECCE MPUTOTOBJICHUSI OMYJIBCHH 3a0[JHO M OCYIIECTBHUTb
TOMOTCHH3AINIO 10 YPOBHIO TypOYJICHTHOCTH.
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IpuyuHbI Ba2KHOCTH FOMOTE€HU3ALUH 110 YPOBHIO TYPOYJI€HTHOCTH

OpHMM W3 BaXHEWIIMX CBOMCTB B paboyeM LUKJIE YCTPOMCTBA JUIs
OUHAMAYECKOTO  CMENIMBaHMs, TOMOICHH3AlMHM W  aKTHBHPOBAaHUS  SIBISCTCS
BO3MOYKHOCTh CO371aTh B 30HE (OPMHPOBAHUS OMYJIbCHH OJHOPOAHOrO (hOHA O
TypOyJIEHTHOCTH I10 BCEMY IOIEPEUHOMY CEYEHHUIO TIOTOKOB KOMIIOHEHTOB AMYJIbCHUH.

Kpome Toro, uto oqHOponHBIH (OH TypOyJIEHTHOCTH (OPMHUPYET OJHOPOIHBIN
pasmepHbIii  ()OH YACTUL, OJMHAKOBBIC THAPOJMHAMHYECKHE YCJIOBHS B 30HE
NPUTOTOBJICHUSI AMYJIbCUU IO3BOJSIIOT CHH3MTH BpEMsi HEOOXOJUMOE Ui TIOJIHOTO
[IPUTOTOBJIEHHUS OMYJIBCHH, YTO OYEHb BaXKHO NpPU (GOPMHUPOBAHUHM OMYIBCHH B
JUHAMHAYECKOM MOTOKE €€ KOMIIOHCHTOB.

IIpy4uHbI Ba2KHOCTH FOMOTeHU3ALUM NP MIOMOLIN BHICOKOI0 1aBJICHHS

B03MOXKHOCTh HOCIEJOBAaTENbHONH paboThl yCTpOWCTBA I AUHAMHUYECKOTO
CMEIIUBAHUsI, TOMOICHU3aLUM M AaKTUBUPOBAHUS C HACOCOM BBICOKOIO JaBIECHUS
MO3BOJISIET CO3JaTh MCKIIOYHUTEIbHBIE PABHOMEPHBIEC YCIOBHS U TOMOT€HU3ALNH O],
BO3JCHCTBHEM BBICOKOI'O TAaBJCHUS, TaK KaK B HACOC BLICOKOTO AABJIEHMS IOCTYHAaeT
IMYJIBCHS C OJHOPOIAHBIM (POHOM TypOYJIEHTHOCTH IO BCEMY O0BEMY .

BakHocTh MUHMMH3ALMM BPeMEHHOI may3bl Mexk1y Mocjel0BaTeIbHbIMH
HMKJIAMH TOMOTeHH3aLHH

BpemenHas may3a Mexay IpOILECCOM T'OMOICHH3AlUH TypOYJIEHTHOCTH U
FOMOICHM3allMK  TIOJ  JaBlieHWeM, Oyarojapst CBOMCTBaM  YCTPOWCTBAa  JUIs
JUHAMAYECKOTO CMEIIMBAaHMs, TOMOTEHHU3AIMN U aKTUBUPOBAHMUS, COCTABIIsIET He Oolee
10 MuHCceKyH

Takolf Mayiblii BpEMEHHOM HHTEpBajJ IMO3BOJSIET CUUTATh IOCIEHOBATEIbHBIN
MpoIiecC FOMOICHHU3ALUU HENPEPhIBHBIM U oOecneyrBaeT CTaOMIBHOCTh M KadyecTBO
rpolecca JIBOHHONM TOMOTr€HU3aLNN.

BaxHocTh MYJbTHINIMKAIUA CKOPOCTH ABMKEHHUA WJIH JAaBJECHUA B IMMOTOKE
MeKAy mocjaeaJoBaTe/IbHBIMA HUKJIAMHU TOMOI€HU3allU U

Kaxk mokazanm TNEPBBIC UCIIBITAHUA ychOﬁCTBa 1 JMHAMHUYCCKOTIO CMEIIIMBAHUA,
TOMOI'CHHU3allMl W aKTUBUPOBAHUA IIPU (I)OpMI/IpOBaHI/II/I OMYJIbCHUHU, BBOA B KaHal, ITO
KOTOpOMY OMYJIbCUS BBIBOJAUTCA U3 yCTpOfICTBa JJIA JMHAMHUYCCKOro CMEIIMBaHMA,
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TOMOTCHH3alMM U aKTUBUPOBAHUS, CTUMYJIATOpA T'MAPABINYECKOTO COIPOTUBIICHUS,
103BOJISIET MHTEHCH(HULIUPOBATH MPOLECC IPUTOTOBICHUS SMYIIBCHU.

TexHnko-3k0HOMIYecKOe 000CHOBAHHME KOHLENIMI TeCTHPOBAHHMS

HoBoe  wm3obperenme:  MuTerpupoBanHas  cucremMa sl TOTYYEHHUS
HAHOTOIUIMBHOH SMyJIbcHH N3 OCH3MHA U STaHOJA HAa aBTO3AIPaBOYHON CTAHIMH.

Ha pucynke 3 mpeacTaBieH KOHLENTYalbHbI BAPHAHT MCIOIB30BAHUS CHCTEMBI
MIPOM3BOJICTBA TOIUIMBHOW HAHOAMYJBCHH HA: aBTO3alPAaBOYHOW CTAHIMK WM 3aBOJE
10 MTPOM3BOACTBY TOILIHBA.

Pucynoxk 3. KoHuenTyanbHblil BApHAHT MCIIOJIB30BAHUS CUCTEMBI IPOM3BOJICTBA
TOIUIMBHOW HAHOAMYJILCUU

1 — 6ak 11 OCH3MHA WM TU3CIIBHOTO TOIUINBA
2 — pe3epByap Juis 3TaHOJIA (MM METaHOJIa C BOJIOM, MJIH ATaHOJIA C BOJIOM)
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3 — HacoC BBICOKOTO JaBJCHUS (0T OOBIYHOTO JH3EIBHOTO IBUIATEIIS)

VYerpolictBo anst cmemBaHus u o aktuBanmu tormBa 4 — TEI (tekymmit
TPOTOTHII, AUAMETP 25 MM)

5 — JIONOJIHUTENBHO, - Pe3epBYyap JJIsl BOJbI

6 — OCHOBHOHM BBOJ O€H3WMHA WM JAW3EIBHOTO TOIUIMBA B YCTPOWCTBO IS
CMEILIMBAHUS U aKTHBALlUK TOILIMBA

7 — Bropas rpynmna (4) BXOIOB JUIs YCTPOWCTBA CMEIIMBAHHMA M aKTHBALUH
TOILINBA

8 — BBOJ dTaHONA (WJIM METAHONA, WM CMECH STAaHOJI-METaHOJ C BOJAOH, WIH
BO/JIBI)

9 — onuus BBOJA BOJIBI

10 — BogompoBo 1 (OTIIIMOHATHHO)

11 — 3anpaBouHblii Oak i OCH3MHA/IU3EIBHOIO TOIUIMBA CO CMECBIO 3TaHOJIA
(MeTaHoOJIA WU BOJIBI)

12 — mepBasi cTagusi TOMOT€HM3ALMN TOIJIMBHOW CMECH, - TOMOTEHHW3aIUs Ha
TypOyJIECHTHOM ypOBHE (HOBasi OTICpPaIHsl)

13 — BTOpas CTajgMs rOMOTEHU3AIMM TOIIMBHOW cMecH (MHUKPOAMYJIBbCHH) MO/
BBICOKMM JIaBJICHUEM M MOJIYYEHUS HAHOIMYIbCUU (HOBAs OIIeparIiyst)

[IpeumyiecTBa TEXHOJIOTHHU:

- OpesynpTaT pabOThl — HAHOTOIUIMBHAS YMYJIBCHS, KOTOpas UMeeT Ooiee
BBICOKOE€ OKTaHOBOE YHCIIO, HU3KUH YypOBEHb JIETOHALMM, HHU3KHE BBIOPOCHI U
pacyeTHyI0 SKOHOMHUIO TOILUINBA

- Unpoctoe 1 He foporoe 000pyA0BaHKE IS OCYILECTBICHHUS OlepaLin

- OobGopynoBanue MoOKeT OBITh aQJAaNTUPOBAHO K  CYIISCTBYIOIIUM
3aIPaBOYHBIM CTAHIMAM HWIH OOOPYIOBAaHMIO NPOHM3BOACTBEHHOTO HPENNPHUSITHS 0e3
KaKUX-T100 MOJU(UKALUil CYIIECTBYIONIETO 000pyJ0BaHUS

- O utst MpOM3BOICTBAa HAHOAMYJIBCUH HE TpeOyeTcs dKCIUTyaTallMOHHBIN Oak,
- BCE OIepalyy MPOU3BOAATCS B JMHAMHUYECKUX YCIIOBHX ITOTOKA TOILINBA B TPyOe

Kondurypauuss B COOTBETCTBUM C PHUCYHKM 1 MOXeT OBITh HCIIOJIb30BaHA B
Ka4yeCTBE TEXHHKO-DKOHOMHYECKOTr0 OOOCHOBAaHMS M JIEMOHCTPALIMOHHOW TECTOBOM
YCTAHOBKH.
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Pucynox 4 neMoHCTpHpyeT BTOpOH BapHaHT H300peTeHUs] ¢ ToJauei
HaHOOMYJIBCUH HEMOCPEIACTBEHHO B 0ak aBToMoOMIs (HAa OOBIYHON 3ampaBOYHON
CTaHIMH) WX B TOPENKY KOTIIA.

Pucynok 4. BapuaHT nzo0pereHust € mojiaueli HAHOIMYJIIbCHH HEMOCPEACTBEHHO B OaK
aBTOMOOMIIS

1 — 6ak st OEH3MHA WM TU3EIBHOTO TOIUINBA,

2 — pe3epByap Ui 3TaHOJIa;

3 — HacoC BBICOKOTO JaBiieHHs (OOBIUHBINA HACOC BBICOKOT'O JIABJICHHS IM3EIBHOTO
JIBUTATEIISN);

4 — TOIIUBHBINA OaK aBTOMOOWIIS

5 — YCTpOMCTBO AJIsl CMEIINBAHUS U aKTUBAIMU TOTIJINBA;

6 (OIIMOHATIBHO) — pe3epByap JUIs BOJIBL;

7 — OCHOBHOM BBOJ OE€H3MHA WIIA JU3€ILHOTO TOIUINBA;

8 — BBOJ DTaHOJIA;

9, 10 — BTOpas rpymma BBOJOB OCH3MHA WIH JU3EIbHOTO TOIUINBA (4);

11 — mepBast craausi TOMOT€HU3aNNU TYpOyJIEHTHOCTH (HOBas),

12 — BTOpas cTajus HAHOTOT'CHU3AIMH M0J] BBICOKUM JIaBJIeHHEM (HOBas)
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JlomonHuTenbHAs oMM U PETPOPBIHKA MPOIEMOHCTPUPOBAHHAS HA PUCYHKE 5.

Pucynok 5. JlononnuTensHas onuus

1 — TorIMBHBINA 6ak aBTOMOOMIIS (0OOBIYHBII 03 KakuX-Tn00 MoanupUKaIMi);
2 — BBOJ{ HAHOOMYJIbCHH OEH3MHA WIH JM3€JIbHOTO TOIUIMBA C aBTO3aMPaBOYHON

CTaHIIN;
3 — YCTpOHMCTBO aKTHBaUMM [OJAayd TOIUIMBA C BXOAaMM TOJBKO UL
HAHOSMYJIbCUM U3 TOIUIMBHOrO Oaka aBToMoOwis (maBieHue ~ 45 (yHTOB Ha

KBaJIpaTHBIH TI0HM;

4 — HacOC BBICOKOI'O JaBJCHHUS aBTOMOOMIIS;

5 — OEH3MHOBEIN WM INU3ENIBHBIN BUTATENh aBTOMOOMIIS,

6 — mepBas JOMOJHUTETbHAS CTAagusl TOMOTEHHU3AIMH HAHOAMYJIBCHH (TOJIBKO
TOMOTC€HHU3aNus Oe3 TepeMelInBaHus);

7 — CexkyHAHas JONOJHHUTENbHAas CTaJusg TOMOTCHH3AlUd HaHOIMYIbCHU
OOBIYHBIM HACOCOM BBICOKOT'O JJaBJICHHS JBUTATENs MIEPE] BIPHICKOM
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Pe3yJIbTaTl>I NMEPBUYHBIX HUCIBITAHUH CHCTEMBI

Emulsion/Blend Combustion (Objective #2)

Data was collected from the test cell and combustion analysis system while running the
engine at the pre-determined speed and load/timings (see table below). The test points
for the baseline data and with the emulsions were selected such that there was sufficient
room to adjust the fuel pulse width to account for the additional content of water (when
water was used in the emulsions/blends) without reaching the maximum output of the
fuel injectors and high-pressure pump. Although the engine used in the testing has on-
highway applications, an off-road test cycle set of points were used in the testing as a
suitable surrogate and method of reducing the number of speed/load points. The points
below were chosen to emulate the most heavily weighted areas of the emissions test
cycle for a small off road diesel engine.

Injection timing ° BTDC (Final Testing
RPM BMEP [ Timing)
2000 5 Bar 4,8,12,14, 16 (8,12)
2000 10Bar | 4,8,12,14, 16 (8,12)
2000 15Bar | 4,8, 12,14, 16 (8,12)

Baseline Combustion Testing

No water or other fuel type was introduced for this part of the testing and the bypass fuel
from the engine was returned to‘the dynamometer float bowl to simulate normal vehicle
operation. The calibration used was the same one from previous engine testing with the
exception of running main injection only for fueling. The engine coolant temperature, oil
temperature, inlet air temperature, fuel rail pressure, and intake manifold pressure were
held at fixed values, which can be seen in the supplied data files. Next, a sweep of
injection event timing was performed. For most of the points tested, the main injection
timing was set to a minimum value of 4 "BTDC and was advanced in increments of 4
degrees until reaching a maximum of 12 “BTDC. Some of the points were increased in
timing to 14 & 16 ‘BTDC to see if the additional timing showed further improvement.
At each of these injection timing points, the commanded fuel value “throttle %”, as
indicated in the dynamometer data, was modified to maintain a constant BMEP
(normalized torque) value. Baseline data were recorded each day and at times multiple
times during the day to ensure the engine was always operating within normal and
expected parameters.

Emulsion Combustion Testing
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At each speed and load point, the blend fuel and/or water was introduced to the system
with percentages controlled with needle valves. The total flow of diesel was monitored
with a Micro-motion flow meter to achieve the target flow supply for the FAD. The side
inlet flow was monitored with a separate flow meter to calculate the 60/40 percentages
being supplied to the FAD center/side inlets. Flow meters for the blend fuels or water
were used to calculate the percentages for the mixtures. A set-up using a combination of
3-way and straight ball valves were used to be able to switch from the FAD and the float
bowl fuel supply systems “on the fly” for more efficient testing. This allowed the
baseline with No.2 diesel to be performed every day prior to any emulsion testing. When
an emulsion was introduced, if the torque output of the engine decreased, then the
commanded fuel value was increased to achieve the set BMEP value. This was done to
ensure a valid comparison between the baseline and the various fuel mixtures. The
injection timing sweeps were performed and the data was collected at each point. Each
baseline and emulsion percentage point was performed like this, and afterwards the
engine was run for a short period of time with No.2 diesel with the float bowl to flush
the system. This also allowed a re-checked with 0% water and with the original base
calibration to watch for any degradation in engine performance, or change in emissions
values. Essentially, this also allowed for re-verification of the baseline data.

One issue that was encountered during testing with the emulsions was that the flow
meter, which was intended to measure the excess FAD emulsion and engine return fuel,
could not properly measure the flow into the waste collection barrel. With Diesel fuel
only, the flow meter worked as designed, but with the emulsion fuel blends, the flow
signal was erratic which resulted in variations in the overall calculated engine fuel flow.
This, in turn, caused inaccurate BSFC calculations. A sight tube was installed after the
waste flow meter and before the waste barrel to view the mixture coming out of the flow
meter. It was found that the emulsion had variations of bubbles and was causing
fluctuations in the flow meter readings. To correct this problem, a 10 gallon drum was
placed on a scale and the waste fuel was diverted to it using a bypass solenoid operated
valve. When taking a data point, the valve was switched to divert the waste flow to the
drum/scale for mass measurement of fuel flow over time. Although the data is thought to
be accurate, some degree of error may have been introduced due to the difference in
measurement equipment between the baseline data and the emulsion testing.

The combustion testing went through three phases. The first phase was designed to be
broad and cover all the various speed/load points shown above and multiple blend
percentages. The objective in the first phase was to determine a smaller sampling of
points for further testing and analysis. After running approximately 300 different tests in
the first phase, 12 were selected for Phase 2. The results of Phase 1 are not specifically
discussed in this report. During the second phase, more time was spent running the 12
select points and validating the results from Phase 1. In our view, the Phase 2 results
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(tests 1 — 4 summarized in the table below) were consistent with Phase 1 findings and
Turbulent’s FAD exhibited consistency in its operation and the resulting performance.
The table below includes a summary of the Phase 2 results. The table provides a
comparison of the test results versus a baseline. Positive percentages are an
improvement and negative percentages are a reduction in performance. It should be
noted that the results might not depict what could be achieved if the FAD were put
through an optimization process. It is possible that the results might improve further if a
calibration effort with the FAD was under taken. The combustion testing was also done
with two different injector sizes. Both injector sizes delivered similar results. Phase 3 of
the combustion testing is the subject of the “re-blending” tests discussed later in this
report.

Table below is a summary of Phase 2 and 3 test results:

<,
Blend % Methanol 18.9% 20.0% 19.6%
BSFC -17.1% -13.4% -13.8%
Net Cost Benefit/unit -2.7% 1.9% 1.2%
No. 2 Diesel / Nox (ppm) 3.3% 27.8% 38.8%
2 Methanol / Water | Smoke (FSN) 73.7% 62.5% 17.6%
(Pre-Mix) Brz?k'e Thermal 5.3% 1.6% 21%
Efficiency
THC -40.0% 8.5% 9.4%
Injection Timing (BTDC) 12 12 12




THC 3.9% 8.5% 0.0%
Injection Timing (BTDC) 12 8 12
Blend % Ethanol 30.5% 40.4% -
BSFC -19.5% -19.3% -
Net Cost Benefit/unit 3.8% 11.5% -
X Nox (ppm) -7.7% 17.1% -
N°'Et2h2':§f' /" T'smoke (FSN) 86.4% 86.7% -
Bre?kg Thermal 6.2% 21%
Efficiency
THC -117.0% -11.9% -
Injection Timing (BTDC) 12 12 -
Blend % Methanol - 20.0% -
BSFC - -12.9% -
No. 2 Diesel / Net Cost Benefit/unit - 2.4% -
Nox (ppm) - 7.8% -
Methanol (Re-
K Smoke (FSN) - 66.7% -
blending w/o FAD
S Brake Thermal 11%
Efficiency '
THC - 0.0% -
Injection Timing (BTDC) - 8 -
Blend % Methanol - 20.0% -
BSFC - -9.7% -
No. 2 Diesel / Net Cost Benefit/unit - 5.6% -
Mzichanloels(‘;e- Nox (ppm) - 8.7% =
K A Smoke (FSN) - 70.4% -
blending with Brake Thermal
FAD - S D .8%
ame Day) Efficiency 1.8%
THC - -16.9% -
Injection Timing (BTDC) - 8 -
Blend % Methanol - 20.0% -
BSFC - -10.1% -
. Net Cost Benefit/unit - 5.2% -
No. 2 Diesel /
Nox (ppm) - 7.8% -
Methanol (Re-
. Smoke (FSN) - 73.1% -
blending w/o FAD
ey Brake Thermal 1.4%
Efficiency :
THC - 4.5% -
Injection Timing (BTDC) - 8 -
No. 2 Diesel / Blend % Methanol - 20.0% -
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Methanol (Re- BSFC - -11.9% -
blending with Net Cost Benefit/unit - 3.4% -
FAD - Next Day) | Nox (ppm) - 7.4% =
Smoke (FSN) - 57.7% -
Brz?k.e Thermal 0.2%
Efficiency
THC - 10.4% -
Injection Timing (BTDC) - 8 -

Note: Assumes No. 2 Diesel Cost $1,900/MT, Methanol and Ethanol Cost $450/MT

Engine Brake Thermal Efficiency

Brake Thermal Efficiency is the measure of how efficiently the engine utilizes the fuel
energy for crankshaft power output. The methanol and ethanol fuel emulsions had
slightly less brake thermal efficiency as compared to 100% diesel #2. After analyzing
the combustion pressure data and noticing a delayed start of combustion, one might
expect the efficiency to improve similar to baseline through an effort to optimize the
engine calibration for the emulsion. The water emulsion was better, in most cases, than
the 100% diesel. Water content was not included in engine fuel flow as it was not
considered a fuel due to a lack of energy content. With the emulsion having a similar or
same brake thermal efficiency as the baseline, it would tell us the emulsion did not
adversely affect the combustion process and that these fuels could be utilized in a
modern diesel engine in terms of not impacting the thermal efficiency.

Combustion Analysis

To understand the combustion process during the testing and to be able to compare the
emulsion to baseline diesel combustion, the engine was fitted with in-cylinder pressure
sensors located in the glow plug ports of cylinder #1 and cylinder #4. High speed
cylinder pressure data was recorded vs. engine crank angle for all test points performed.
Cylinder #1 data was used for the analysis. The following analysis will look at the test
points with diesel #2 and methanol. Graphs for the other fuel blends are available in the
Appendix.

Diesel #2 and Methanol 2000 rpm and 5 bar BMEP

Graph 1 depicts a comparison of the average of 300 cycles of cylinder pressure during
the compression and combustion events taken while running the engine at 2000 rpm and
5 bar BMEP and with 100% diesel (baseline) and 22.5% Methanol. Both were run with
the same start of injection as shown in the injector firing trace. The pressure plot shows
a delayed start of combustion for the methanol blend.
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Graph 2 depicts a comparison of the burn characteristics of the baseline and 22.5%
methanol blend for the same data test points. This graph also shows the delay in start of
combustion for the same start of fuel injection. Of significant note is the faster burn rate
for the methanol blend once combustion was initiated. 90% of the combustion
completed 1.4 degrees sooner than the baseline even though the 5% mass fraction burn
was delayed by 5.6 degrees. The 22.5% methanol blend had ~50% increase in maximum
burn rate when compared to the baseline.

Graph 1
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Diesel #2 and Methanol 2000 rpm and 10 bar BMEP

Graph 3 depicts a comparison of the average of 300 cycles of cylinder pressure during
the compression and combustion events taken while running the engine at 2000 rpm and
10 bar BMEP and with 100% diesel (baseline) and 22.5% Methanol. Both were run with
the same start of injection as shown in.the injector firing trace. The delayed start of
combustion exists at this engine load as well but not as much of a delay as the 5 bar
BMEP point.

Graph 4 depicts a comparison’ of the burn characteristics of the baseline and 22.5%
methanol blend for the same data test points. This graph also shows the delay in start of
combustion for the same start of fuel injection. There is a faster burn rate for the
methanol blend immediately after combustion was initiated but the rate becomes similar
to the baseline. 90% of the combustion completed at the same time as the baseline even
though the start of combustion was delayed by 1.6 degrees. The 22.5% methanol blend
had ~15% increase in maximum burn rate when compared to the baseline.

Graph 3
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Diesel #2 and Methanol 2000 rpm and 15 bar BMEP

Graph 5 depicts a comparison of the average of 300 cycles of cylinder pressure during
the compression and combustion events taken while running the engine at 2000 rpm and
15 bar BMEP and with 100% diesel (baseline) and 24.7% Methanol. Both were run with
the same start of injection as_shown in the injector firing trace. The delayed start of
combustion exists at this engine load as well but not as much of a delay as the 10 bar
BMEP point.

Graph 6 depicts a comparison of the burn characteristics of the baseline and 24.7%
methanol blend for the same data test points. This graph also shows a slight delay in
start of combustion for the same start of fuel injection. There is a faster burn rate for the
methanol blend immediately after combustion was initiated but the rate becomes slightly
slower than the baseline after 10% Mass Fraction Burn. 90% of the combustion
completed 1.3 degrees after the baseline. Start of combustion was delayed by 1.4
degrees. The maximum burn rate was similar but the rate was a little more variable
throughout complete combustion.
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In looking at the combustion curves, the methanol blend would likely benefit from an
optimization of engine ECU calibration due to the delayed start of combustion as well as
considering tradeoffs with emissions and fuel efficiency. A lower cetane rating of the
methanol blend is likely the reason for the ignition delay. However, none of the fuel
blends have been analyzed to quantify the change in fuel characteristics. A fuel analysis
would be important for continued testing. Further testing would be needed to understand
if there are limitations to engine load operation with the methanol blend. We don’t know
if the ignition delay would continue to increase at engine loads below 5 bar BMEP to
where unstable combustion is experienced.

Diesel #2 and Water 2000 rpm and 10 bar BMEP — Reduced Rail Pressure

After running the engine on various blends and analyzing the data, we pondered how
else we could take advantage of the reduced emissions levels. Since the diesel fuel and
water emulsion had lowered the feedgas NOx and AVL smoke FSN number, lowering
the fuel rail pressure seemed to be a candidate to see if we could improve BSFC due to
potentially lower high pressure fuel pumping losses. The baseline point ran a fuel rail
pressure of 1130 MPa. We were able to lower the fuel rail pressure down to 730 MPa
and still maintain similar NOx and smoke numberts as baseline. Fuel injection timing had
to be advanced to accommodate the slower burn rate. This resulted in a measurable
reduction in BSFC of about 3%. Graph 7 shows the comparison of the average of 300
cycles of cylinder pressure during the compression and combustion events taken while
running the engine at 2000 rpm and 10 bar BMEP and with 100% diesel (baseline) and
20% Water with reduced fuel rail pressure.

Graph 8 depicts a comparison of the burn characteristics of the baseline and 20% water
blend for the same data test points. There is a faster burn rate for the water blend
immediately after combustion was initiated, as observed in other data comparisons, but
the combustion rate decreases below the baseline after about 5-10% Mass Fraction Burn.
90% of the combustion completed at about the same crank angle as the baseline fuel.
This exercise shows that there is a potential to further optimize the engine calibration
while considering a reduction in fuel rail pressure.
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Graph 7
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Engine Durability

Based on the scope of the testing, no attempt was made to assess the effects of the
blends on the engine and fuel system long-term durability. Throughout the many weeks
of testing, some degradation/ variability in engine operation was observed. Periodic
replacement of the fuel injectors limited the variability of the collected data. Engine and
fuel system disassembly will be required to determine if any internal components were
affected by delivery and combustion of the emulsified fuel blends. To make any
assessment of these impacts, further testing would be required to ascertain material and
performance impacts and requirements of engines utilizing the diesel, water and alcohol
blends over a longer period of time.

Emulsion/Blend Re-Blending and Agitation (Objective #3)

Given the blends were separating and thus making a store and later use approach
difficult, a re-blending approach (Phase 3) was constructed using a simple low
technology agitator designed and provided by Turbulent. The re-blending demonstrated
that the shelf life of the emulsion/blend could be extended (potentially indefinitely)
through simple agitation or mixing. Two approaches were taken to prove that re-
blending was a feasible method of extending the usefulness of the fuel blends. The first
approach was to immediately subject a FAD ccreated emulsion to agitation therefore
never allowing it to “separate”. Immediate agitation did enable the blend based on visual
observation to remain stable. The agitated blend was used in combustion tests (tests #5
and #6 in table above) with the engine and very similar emission and improved BSFC
results were observed in comparison to real-time inline FAD created No. 2 diesel and
methanol blend. The second approach to re-blending was allowing the FAD created
emulsion to separate and be stored for ~18 hours before re-blending with the Turbulent
agitator. This approach proved that the blends could be stored and re-blended and be
used in combustion with the same positive results as real-time inline created blends. The
re-blending approach also demonstrated how the new fuel blends could be used in
modern diesel engines with return fuels systems. The return fuel from the engine was
directed back to the storage tank with the blend therefore functioning in a similar fashion
to fuel tanks used on today’s diesel applications.
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The picture below is the re-blending and agitator set-up.

Pictured below is the re-blending and agitation in process. Using the agitator the re-
blending started immediately once the agitator was on and required only seconds to
complete the re-blending of a 10 gal stored sample of the No.2 diesel and methanol
blend. Depending upon the final system design, additional efforts would be required to
make the agitation approach part of a final production commercial system installation.
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Conclusions:
There were three broad objectives of the testing:

* To create new and unique liquid fuel blends of hydrocarbon based fuels, alcohols
and/or water

e To use the blends in compression ignition combustion and positively impact
engine performance

* To create blends that could be stored and delivered for later use with the existing
combustion infrastructure

Blending Capabilities:

The testing clearly proves the FAD’s ability to blend hydrocarbon fuels, alcohol based
fuels and/or water at low pressure (e.g. ~3 to 4 bar) without the addition of surfactants or
other chemicals. There were no observed blending issues regardless of the liquid inputs.
The FAD successfully blended No. 2 diesel and methanol, No.2 diesel and ethanol, No.
2 diesel and water, and No.2 diesel, methanol and water. The FAD also successfully
blended a heavier hydrocarbon based fuel (No. 5 diesel) with methanol. The FAD
demonstrated its ability to make all of these blends-in seemingly unlimited proportions.
Most of the blends consisted of No.2 diesel and ~20% of the secondary liquid (e.g.
methanol, ethanol or water). Blends with less than 10% and as much as 50% of the
secondary liquid, however, were also made. To the tester’s knowledge there is no other
commercially available device that can blend these liquids with no chemical additives at
relatively low pressures. Although it was found that all of the blends experienced some
degree of separation shortly after they were made, complete separation was not observed
even after several weeks. In all cases, the No.2 diesel blends were made in-line and were
sufficiently stable and emulsified so that they could be immediately injected into the
engine’s combustion chamber utilizing the engine’s existing fuel system. Under this
scenario blend stability is not a factor given that injection occurs within seconds or less
after the blend is created.

Combustion Improvements:

During the testing the blends made with No.2 diesel fuel were successfully used in
combustion on a modern high-pressure common rail Ford diesel engine. No mechanical
modifications were made to the engine; the FAD was simply installed upstream of the
existing engine high-pressure pump. The fuel blends were either made in-line with the
engine running or in some cases made in advance (e.g. pre-mixed and stored) and
supplied to the engine as needed. All blend types, whether the blend contained methanol,
ethanol or water demonstrated their ability to successfully be used as fuel. Not only did
the blends exhibit successful combustion, they also substantially reduced smoke and had
a meaningful impact on NOx. Smoke reductions as high as 90% were observed and
consistent reductions in the 70 and 80% range were common. NOx reductions were
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consistent and recorded as high as 39%. While the substitution of diesel fuel with lower
energy content alcohols (e.g. methanol or ethanol) increased the BSFC, the increase was
proportionally less than the amount substituted. Given this proportionality and
depending upon the cost of the fuels, a net fuel cost benefit is achievable. At the low and
medium load points the BSFC with No. 2 diesel and water actually decreased which
could directly provide fuel economy benefits. Minimal reductions in Brake Thermal
Efficiency (BTE) were observed and in some cases improvements in BTE were
recorded. All of these observations combined with the combustion analysis performed
(which clearly showed later ignition combined with an increased rate of combustion)
lead the tester to conclude there can be combustion benefits with the new fuel blends.
The engine used was designed and programmed to operate efficiently with 100% No.2
diesel. The testing scope did not include any attempts to optimize the engine to operate
with the new and entirely different blends. The fact that the engine ran as well as it did
without optimization leaves significant opportunity for further calibration and
optimization efforts to improve the performance recorded in the tests. Given the scope
limits of the testing we can make no judgment on the maximum potential of the new fuel
blends or the engine modifications required to realize them.

Tests were also performed to evaluate the FAD’s ability to atomize the fuel blend. The
testing data shows the FAD improves the atomization of the fuel blend (shown through
combustion effects) at only 3 to 4 bar. In the testing it was found that the 3 to 4 bar of
pressure used by the FAD to create the blend had an atomization effect on combustion,
which was equivalent to 400 to 500 bar.from the high-pressure pump. This is evidence
that the FAD may be a highly effective means to atomize fuel, which is necessary in
order to reduce emissions in combustion engines. The scope of the testing did not
encompass the optimization of ‘the engine’s performance with the fuel blends but the
atomization ability of the FAD provides engine developers and calibrators additional
degrees of freedom in managing the emissions trade-offs between NOx and smoke.
Additionally, the FAD’s ability to atomize the fuel blend could result in BSFC
improvements, if less pressure (energy) is needed to reach the acceptable emissions
profile for engine certification.

Extended Usefulness of Blends:

The third objective of the testing was to evaluate methods for extending the useful life of
the new fuel blends and to deliver pre-made blends to be used on-site with minimal, if
any, infrastructure modifications. Using an “agitator” designed and supplied by
Turbulent, it was demonstrated that the useful life of the blends can be extended for a
significant portion of time, if not indefinitely. The scope of the testing did not include
long-term storing and holding periods of the blends for later use in the engine. What was
observed was the ability to make a fuel blend of No.2 diesel and methanol, store the
blend overnight and use the blend the next day. The positive engine performance and
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combustion effects using the stored and then agitated blends proved to be similar to the
in-line testing. Given that the blends never completely separated after they were made,
there is a property of the blend (the testing scope did not include chemical analysis of
the blends) that allows it to be “re-blended” with Turbulent’s agitator which restores the
blend back to its original state or at least a state that produces the same positive engine
performance and emissions reductions. Since the engine used had a fuel return system
where by fuel returns to the vehicle’s fuel tank from the fuel injectors, a testing protocol
was established to mimic this system. During the testing the FAD was fed a pre-mixed
fuel blend from a storage tank. The blend was injected and the return fuel was routed
back to the storage tank. This testing protocol simulated the process used today with
vehicles with modern diesel fuel systems. The evaluations performed met the objectives
of the testing, and demonstrated a closed loop method from which further development
can build upon.

In summary, the FAD testing conducted over a nine week period conclusively and
successfully demonstrated its ability to make emulsions/blends with hydrocarbon fuels,
alcohol based fuels and/or water. The testing also showed that these blends could be
used in modern diesel engines with positive effects on reducing feed gas exhaust
emissions. Data from this testing indicates that the FAD and the emulsion it creates have
a significant impact on smoke emissions and some impact on feed gas NOx emissions.
Large decreases in smoke were observed at all of the points and overall NOx emissions
were lower when testing with the various emulsions. In the final stages of testing, using
the Turbulent provided agitator, the ability to extend the shelf life of the emulsion/blends
and retain the positive engine performance was proven. BSFC increased with all fuel
blends, with the exception of the majority of water points tested. The cost reduction
associated with substituting fossil fuels with alcohol fuels more than compensated for
the energy loss when applied to certain fuel supply markets. The engine testing data
supports a fuel cost/unit benefit for those specific markets. Also, additional testing to
optimize the engine calibration and FAD could further improve the benefits of utilizing
the fuel blends.
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Ipuaoxenue 1
Technical proposal for Beta Site testing of Industrial boiler with integrated mixing
technology

Technical task:

In-line installation of Dynamic Fuel mixing, activation and homogenization system in-to
fuel line of industrial boiler, with productivity equivalent — 50 kg of HFO per hour [ 0.5
metric ton of steam per hour]

Figure 1

Fuel mixing, activation and homogenization system, based on two FAD - 25

Main input of HFO in-to
the system

Bottom FAD- 25 (reserve, re- Main output from
ding and homogenization of back the system

flow of fuel blend

Manometers and flow meters — optional

PROCESS:

For online stream mixing heavy diesel oil with methanol, a system of dynamic
mixing, activation and homogenization, which consists of two parallel connected
devices, with a diameter of 25 millimeters worker

In general (at the top level) device mixes the heavy flow of diesel fuel (fuel oil)
with methanol — version 1; Mixing with steam in the same configuration — version -2;

Mix Ratio - 40% of heavy diesel fuel (fuel oil), 60% methanol or 80% of HFO
with 20% of steam, - version -2
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This device has two inputs for heavy diesel fuel (fuel oil), - of which one axial
input capacity of 60% of the total number and the integral one radial entrance
accommodates 40% of the total amount of heavy diesel fuel supplied to the mixing

The device has an additional integral radial entrance, designed for 100% methanol
supplied to the mixing or for 20% of steam;

After mixing and homogenizing simultaneously, it is fed to the nozzle of the
boiler, but only part of the stream is injected, and the rest of the mixture returns to a
special container

In a special container there is a standard device for re-blending, which supports
the quality and uniformity of the mixture at the appropriate level

Special container also has a level sensor and a temperature sensor mix mixture

At the outlet of the pump has a special container with the necessary control and
measuring equipment

Upon reaching inside a special container mix level sufficient to start the pump, it
is switched on and feeds the mixture into the second device on the integrated input (in
the upper level of the input device designed methanol)

The second device, the flow is homogenized and fed into the common summing
the pipeline, where the nozzle is fed to the boiler

Figure 2
Inputs and output of the system Top FAD - 25
output from the system

Main HFO input

Methanol input

Back flow of blend from Bottom FAD - 25
HFO and Methanol input
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Figure 3

Inputs and output of the system Methanol input Output from the system

Main HFO input to th
system

Back fuel blend flow input

The system consist of two FAD — 25 mm
The maximal flow of HFO for each = 50 kg per hour

Figure 4

3-d model of the system

The system consist of the following inputs- outputs:

- input for 100% flow of the HFO [ divided to two lines for the top FAD- 25
and to the bottom FAD- 25

- input for the 100% of methanol to the top FAD- 25 [ related only for
current configuration ]

- input for the 100% of the returned fuel blend flow

- output from the system[ combined the flow of prepared in system fuel
blend from 40% of HFO [ Mazut ] mixed and homogenized with 60% of Methanol and
returned back flow of the same blend, homogenized in the second [ bottom | FAD- 25;
The proportions of the output between new blend and back flow is adjustable
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Manifold for
supply of
100% of
Methanol

Manifold for supply to
the system of the fuel
blend back flow

Figure 5

3-d model of the system

check valves

Manifold for supply of 40% of HFO
flow to integrated radial input of the
FAD-25 mm

Manifold for supply of 40% of
HFO flow to integrated radial
input of the FAD-25 mm [ in
current configuration the
manifold is closed ]

Back flow return to the system

check valves



The system can be configured according to local conditions and requirements

Figure 6
3-d model of the system

All components and pipe fittings of the system is standard; The assembly and
calibration process designed based on standard materials and standard components and
unification technical decisions
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About new design concept of FAD

New design concept of FAD, include the device security requirements of Dor
Chemicals and other companies; The dimensions of the device are extremely small; In
the picture, in real scale factor is demonstrated FAD — 30 with maximal fuel flow = 285
liter per hour
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1 — Tech Energy boiler [ 500 kg of steam per hour ]
2- present tank and environment for HFO
3 — present tank for Methanol, including all environment
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4 — tank for fuel back flow [ fuel blend from 40% of HFO and 60% of Methanol ]

5 — pump for fuel blend back flow

6 — control valve

7 — manometer

8 — flow meter

9 —level sensor

10 — thermometer

11 — integrated output, included new fuel blend and same fuel blend from the back
flow

12 — back fuel flow return line to the FAD system, optional heating device

13 — back fuel flow input to the FAD system

14 — Methanol [ 60% of the blend ] input to the FAD system

15 — HFO input to the FAD system

29 — re-blending device [ standard device |
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- = - — P
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Top device, HFO main Methanol integrated input Top device, HFO second integrated
input; Calibrated for 60% — 4 radial inputs, 25% of input for 40% of the total HFO flow; 4
of the total HFO flow the methanol flow each radial inputs for 10% of the total HFO
flow each

Top device;
The
HFO/metha
nol blend
output;
Proportion
60%/40%

Bottom device; Output of
secondary re-blended and
secondary homogenized
back flow of the blend
from 60% of the HFO and
40% of methanol

Bottom device; Closed
main input

Bottom device; Bach flow of the HFO
/METHANOL, integrated input; Consist of
— 4 radial inputs for 25% of the total back

flow each Collector positioning system
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Characteristics of new design concept of FAD — 25, using in the system:

=

The device has no moving parts and is therefore highly durable and reliable. All of
the internal components are made via standard machines with numerical control without
the use of special techniques or cutting tools.

In the shown emboddiment, the device is made of stainless steel, which allows the
installation of systems in harsh environments in terms of temperatures or corresive
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elements such as marine vessels. Depending upon the operating enviroment and flow
requirements others materials could be used.

The device is extremely compact and has dimensions which allow it to be
packaged in almost any internal combustion engine such as a stationary engine (e.g.
marine engine, generators) as well as in engines installed in vehicles (e.g. automobiles or
trucks). The device should be integrated into the fuel system between the fuel storage
tank and the engines fuel injection system. All standard attachment methods are possible
on the input or output side of the device.

The device can be made via serial production equipment with digital program
management for the manufacture and assembly. Quality control does not require special
technologies, materials and tools.

Homogeneous process description

To homogenize the liquid fuel, the process simply requires the liquid fuel supply
line to be connected with a standard fitting to the input of the device. The liquid enters
the device in the first accelerating hydrodynamic section; the liquid then passes through
a coaxial second section with an integrated vortex generator. These internal geometries
create an amplified level of hydrodynamic turbulence.

Devices specifics

An industrial installation for the homogenization of liquid fuel i.e. diesel fuel
number 6 (Heavy Fuel Oil) and diesel fuel number 2 (Light Fuel Oil), as well as for
micro-miniaturization and optimization of dispersion during injection of bio-fuel,
methanol, ethanol and also kerosene obtained from waste plastics and automobile and
other tires; Capacity of the device, despite its small size [ for example FAD — 40 ], -
1000 liters per hour under pressure of 7-10 bar.

Description to the general installation diagram

For installation and mounting in an industrial boiler fuel line for on-line mixing of
the flow of heavy diesel fuel and methanol, provides a system of dynamic mixing,
activation and homogenization, which consists of two parallel connected devices, with a
diameter of 25 millimeters worker

In general, the boiler itself and all equipment included in its fuel cells are arranged
as follows:
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Scheme 1 shows a boiler which is connected from the output 11 of the dynamic
mixing and activation homogenization consisting of two parallel-connected devices
having a working diameter of 25 mm each;

The tank 2 (includes all associated equipment) contain heavy fuel oil (mazut),
which through the heating system is fed to the input 15 of the dynamic mixing,
activation and homogenization.

Methanol contained in the tank 3 with all necessary equipment from where it is
fed to the input 14 of the system.

The system methanol is mixed with fuel oil in the ratio - 40% oil to 60% methanol
and 11 through the outlet nozzle is fed to the boiler 1.

Part of the flow of the fuel mixture is returned to the tank 4 where a special pump
5 through a valve 6, a pressure gauge and a flowmeter 7, 8, through the heater 12 is
routed to input 13.

The principle provides for the installation of the line heater 12

The return flow of the fuel mixture is introduced into the second device, wherein
homogenized and connects to a new stream of the fuel mixture produced in the first
device

Joint flow of the fuel mixture is then introduced into the boiler 1 and the injection
process is repeated.

To eliminate the pulsations in the system at each branch conduit has the check
valves, - 16, 17, 18, 19, 20, 21;

Backup unit 22 for installation in an industrial boiler is used only for inputting and
return homogenizing the mixture; Return the mixture is injected and distributed through
the Manifold 26;

Methanol is injected and distributed through the Manifold 25;

Putting oil in the radial input through Manifold 27;

Manifold 28 for this version of the installation, - closed
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16 — check valve

17 — check valve

18 — check valve

19 — check valve

20 — check valve

21 — check valve

22 — bottom FAD — 25

23 —top FAD - 25

24 — main HFO input [ ~ 60 % of the HFO flow ]

25 — top methanol manifold

26 — bottom manifold for blend back flow / bottom methanol manifold
27 — main HFO manifold [ 40% of total HFO flow ]
28 — bottom HFO manifold of the system [ optional ]
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Ipuno:xenne 2

3-D Models of re-blending or re-emulsification tank

RE-blending system,
including foam
generator — dynamic
agitator

[ optional ] —fuel
pump

Control analytic and
optimization box with

Agitating centrifugal pump programmed controller
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Ipunoxenne 3
General diagram of the installation of the system in boiler environment

The in- line mixing system of heavy diesel fuel (fuel oil) with methanol in a proportion -
40% of heavy diesel fuel and 60% of methanol for simultaneous homogenization before
injection into the combustion chamber, it is a functionally complete unit with parallel
sub-system for re-blending, regeneration and return the balance of the fuel return flow of
fuel mixture

The system connected to present HFO tank of the boiler — 101 and present methanol
tank — 102;

The system including an original re-blending multifunctional tank — 103

In the system, according to required optimal fuel blend flow is in specific functional use
two parallel Dynamic Fuel Activation and in-line homogenization devices with working
internal diameter 25 mm, - the top device — 104 and the bottom device — 105

The top device — 104 in the system used for preparation, in-line mixing and
homogenization of “ new “ fuel blend with direct input to boilers injection system of the
combustion chamber

The bottom device — 105 used for re-blending;, regeneration and secondary
homogenization of the fuel blende back flow and re-sending it to boiler combustion
chamber
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The boiler — 106 require the maximal fuel flow — 50 kg per hour and create back flow of
the fuel blend

The combined flow of the fuel blend — 107 is injected to the boiler — 106, combustion
chamber and is divided for big part of the stream — direct injected to the combustion
chamber and small part of the stream — creating the back flow — 108, sent to tank — 103

The fuel lines of the second bottom device — 105, central — 109 and back integrated —
110 is closed

The top device — 104, connected to the HFO pipe-line with manifold — divider — 111 and
central input — 112

The local methanol supply line including local control system — 113, controlled and
calibrated all necessary parameters of the methanol flow

The main HFO flow is under control of control system 115 and heating system — 115

The back flow of the blend — 108 entranced to tank — 103 where is re-blended with re-
blending agitator -116, - a main part of local re-blending system 119

The re-blended blend from tank — 103, with pump~118, under control and calibration
and on-line adjustment of control system — 117,’send to bottom device — 105, which
output flow is combined with output from top device — 104 and from this two flows is
combined flow — 107

On the tank 103 is mounted central control-analytic box - 120
Installation is as follows:

Inputs to the system are connected to the outputs of existing capacities for the HFO -
101 and methanol - 102. A controlled fuel pump control systems - 113, 114, 115 and fed
HFO methanol in the proportions necessary to the upper device - 104, where these
components are dynamically mixed and homogenized and then fed at the input - to the
boiler 107

Part of this stream (excess) is returned along line - in the tank 108 - 103.

The tank 103 system 119 by means of the activator - foam generator - 116 regenerates
the blend after dynamic homogenization connects with the flow of the new blend - 107

This process is repeated continuously during operation of the boiler.
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United States Patent 8,715,378
May 6, 2014

Fluid composite, device for producing thereof and system of use

Abstract

The current disclosure relates to a new fluid composite, a device for producing the fluid
composite, and a method of production therewith, and more specifically a fluid composite
made of a fuel and its oxidant for burning as part of different systems such as fuel burners,
where the fluid composite after a stage of intense molecular between a controlled flow of a
liquid such as fuel and a faster flow of compressed highly directional gas such as air results
in the creation of a three dimensional matrix of small hallow spheres each made of a layer
of fuel around a volume of pressurized gas. In an alternate embodiment, external conditions
such as inline pressure warps the spherical cells into a network of oblong shape cells where
pressurized air is used as part of the combustion process. In yet another embodiment,
additional gas such as air is added via a second inlet to increase the proportion of oxidant to
carburant as part of the mixture.

United States Patent 8,746,965
June 10, 2014

Method of dynamic mixing of fluids

Abstract

Methods are provided for achieving dynamic mixing of two or more fluid streams using a
mixing device. The methods include providing at least two integrated concentric contours
that are configured to simultaneously direct fluid flow and transform the kinetic energy
level of the first and second fluid streams, and directing fluid flow through the at least two
integrated concentric contours such that, in two adjacent contours, the first and second fluid
streams are input in opposite directions. As a result, the physical effects acting on each
stream of each contour are combined, increasing the kinetic energy of the mix and
transforming the mix from a first kinetic energy level to a second kinetic energy level,
where the second kinetic energy level is greater than the first kinetic energy level.
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United States Patent 8,844,495
September 30, 2014

Engine with integrated mixing technology

Abstract

The present disclosure generally relates to an engine with an integrated mixing of fluids
device and associated technology for improvement of the efficiency of the engine, and more
specifically to an engine equipped with a fuel mixing device for improvement of the overall
properties by inline oxygenation of the liquid, a change in property of the liquid such as
cooling form improved combustion, or the use of re-circulation of exhaust from the engine
to further improve engine efficiency and reduce unwanted emissions.

United States Patent 8,871,090
October 28, 2014

Foaming of liquids

Abstract

Methods and systems for processing of liquids using compressed gases or compressed air
are disclosed. In addition, methods and systems for mixing of liquids are disclosed.
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United States Patent 9,144,774
September 29, 2015

Fluid mixer with internal vortex

Abstract

The present disclosure generally relates to a fluid mixer, a system for mixing fluids utilizing
the fluid mixer, and a method of mixing fluids using the fluid mixer or the system for
mixing fluids, and more specifically, to a compact static mixing device with no moving
parts and capable of mixing any fluid, such as air, nitrogen gas, water, oil, polluted water,
and the like. A first pressurized, incoming fluid is accelerated locally by a section reduction,
is split into streams, and then is released into a second fluid found in a closed volume or an
open volume after a period of stabilization. The directed and controlled first fluid slides
along an insert up to directional and angled fins at a vortex creator where suction forces
from a self-initiating vortex in an internal cavity draws in at least part of the first fluid to
fuel the vortex. The compactness and simplicity of the fluid mixer with internal vortex can
be used alone within a closed volume in a conduit, in a sprayer, or within a fixed geometry
to direct the mixing vortex to specific dimensions. One or more fluid mixers can also be
used in an open volume such as a reservoir, a tank;a pool, or any other fluid body to
conduct mixing. The technology alone, as part'of a multimixer system, or as a method of
mixing using the fluid mixer with internal vortex is contemplated to be used in any field
where mixing occurs.

United States Patent 9,310,076
April 12, 2016

Emulsion, apparatus, system and method for dynamic preparation

Abstract

The invention relates to a fluid composite, a device for producing the fluid composite, and a
system for producing an aerated fluid composite therewith, and more specifically a fluid
composite made of a fuel and its oxidant for burning as part of different systems such as
fuel burners or combustion chambers and the like. The invention also relates to an
emulsion, an apparatus for producing an emulsion, a system for producing an emulsion with
the apparatus for producing the emulsion, a method for producing a dynamic preparation
with the emulsion, and more specifically to a new type of a stable liquid/liquid emulsion in
the field of colloidal chemistry, such as a water/fuel or fuel/fuel emulsion for all spheres of
industry.
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United States Patent 9,399,200
July 26, 2016

Foaming of liquids

Abstract

A foaming mechanism configured to receive a plurality of streams of gas and generate a
foamed liquid, having an aerodynamic component and an aerodynamic housing disposed
around at least a portion of the aerodynamic component. The aerodynamic housing includes
a plurality of first channels and a plurality of second channels connected to the plurality of
first channels at regular intervals on a distributed plane. The distributed plane is about
perpendicular to the plurality of first channels, wherein the plurality of first channels and
the plurality of second channels are configured to transform an axial stream of the gaseous
working agent into a plurality of radial high-speed streams of the gaseous working agent by
channeling the gaseous working agent through the plurality of first channels and into the
plurality of second channels on the distributed plane. A hydrodynamic conical reflector and
a hydrodynamic housing form a ring channel in an area between the hydrodynamic conical
reflector and the hydrodynamic housing. An accumulation mechanism is configured to
disperse the plurality of radial high-speed streams of the gaseous working agent into the
ring channel and create turbulence to foam the liquid.

United States Patent 9,400,107
July 26, 2016

Fluid composite, device for producing thereof and system of use

Abstract

The current disclosure relates to a new fluid composite, a device for producing the fluid
composite, and a method of production therewith, and more specifically a fluid composite
made of a fuel and its oxidant for burning as part of different systems such as fuel burners,
where the fluid composite after a stage of intense molecular between a controlled flow of a
liquid such as fuel and a faster flow of compressed highly directional gas such as air results
in the creation of a three dimensional matrix of small hallow spheres each made of a layer
of fuel around a volume of pressurized gas. In an alternate embodiment, external conditions
such as inline pressure warps the spherical cells into a network of oblong shape cells where
pressurized air is used as part of the combustion process. In yet another embodiment,
additional gas such as air is added via a second inlet to increase the proportion of oxidant to
carburant as part of the mixture.
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