Orasjenue

BCTYHJICHI/IG .................................................................................................................... 2

OO61mast XxapakTepUCTHKA AMYJIbCUM, KOTOPbIE MOTYT OBITh OJY4E€HbI TPU ITOMOIIH
YCTPOKCTBA JJIsI AMHAMAYECKOTO CMEIINBAHUSA U TUAPOJANHAMUYECKOTO aKTUBUPOBAHUS
KUJIKOCTEH B PA3BUTOM TYPOYTEHTHOM TTOTOKE ....eevveenneieeenuirreenireeeniieeeenineeeesaneeeenneeenns 4

HoBas BCPCHA TCXHOJIOITMU IIPUTOTOBJICHUSA BMYJIBCPII)'I BOO6H_I€ U TOIINIMBHBIX BMYJ'IBCI/Iﬁ

13 P T 5 (014 i 7 PR 6
OMYTIBCHH «.viaaeessesasassaesasssssssssasssasassssassssassassssssssssssssssssssssessesssseseesseseseseeeeneens 9
OMYIBCUH U UX OTIIMYHS B 3aBUCUMOCTH OT PA3MEPHBIX (DAKTOPOB ....vvvvvveeeeeeeerneennnnne. 10

OMYJIBCUH U UX PA3JINYUUS B 3aBUCUMOCTU OT METOJA TOMOTEHUBAIUH ......cceenneennnnee. 10

9MyJILCI/II/I N UX OTJIMYHKA B 3aBUCHUMOCTH OT IMOCICA0OBATCIIBHBIX IIIAI'OB

TOMOTEHIMBALIIT ... eeeeeeeeeeeeeee e e eee e e e e e e e e e e e e e e aeaeaeasaeeasaeasasasesaasaaseasaasnasnaennes 10
[TpyuynHBI BaXKHOCTH TOMOTEHHU3AIIUU 110 YPOBHIO TYPOYICHTHOCTH ..vvvvvereeereeneennnnne 11
[TpuynHBI BaXKHOCTH TOMOTEHHU3AIIUU TTPU TIOMOIITH BBICOKOT'O JABJICHHU .................. 11

BaxxHoCTh MUHUMH3ALIMKA BPEMEHHOM Tay3bl MEXY MOCIEA0BATEILHBIMU ITUKIAMHU
TOMOTEHIMBAIIIT ... eeeeeeee et eee e e eee e e e e e e e e e e e e e e e easaeaeaeaeansasasaasassasaasaaseasnasnaenaennes 11

Baxxnoctb MYJIBTUIIIMKAIUN CKOPOCTHU ABUKCHHUA U JABJICHUA B IIOTOKEC MCIKIY

MOCJIEIOBATEIIBHBIMH IIUKIIAMH TOMOTEHUBALMH «...eeevveeeeeeeeeeeaanieiieeeeeeeeeeessenaannnnenees 11
TexXHUKO-93KOHOMUYECKOE 00OCHOBAHME KOHIEIITUN TECTUPOBAHHUS ....ceeernnvvvreeeennnenenn. 12
Pe3ynbTaThl NEPBUYHBIX UCTIBITAHUM CHCTEMBL.....cceeieuiiiiiirteeeeeeeeeaaaiiiiteeeeeeeeeesaannnneeees 16
00070 (0 o) 3 1 (S U TR UURTRT 32
000070 (0% o) 1 (S TSR 46
TIPHITOTKEHIIE 3 .....eeiiiiiiiiiiiiet ettt e e e ettt e e e e e e e ettt et e e e eeeeeeeeanaaeeee 48
Crucok UCTIONb30BaHHOM JINTEPATYPhl, MATEHTHON U JIMIIEH3MOHHON WHpOopMaIuu.....51



Beryniienne

TexHuueckoe MpenoKEeHUE MO HCHBITAHUSAM METOAA CMEIIMBAHUSA JU3EIBHOTO
ToriuBa Ne 2 ¢ BOJOM B pa3iMYHbBIX IPOMOPLUAX MEXKIY AU3EIbHBIM TOIIMBOM U BOJOM.

[Iponopunu cMeNIMBaHus B UICAIBHOM BapuaHTE JOJKHBI cocTaBuTh 50% BOABI
Ha 50% au3eNbHOro TOIUINBA.

HcnpiTanus uenecoodpa3Ho NpoBoauTh, HaunHas ¢ 10% Boabl Ha 90% nau3enbHOro
TOIUIMBA, TIOCTENEHHO YBEIHWYMBas KOJMYECTBO BOJAbI Mar 3a maroMm Ha 5%,
COOTBETCTBEHHO YMEHBbIIIAs 1Iar 3a MIaroM KOJIMYECTBO AU3EIBHOIO TOIIMBA B CMECH Ha
5%.

JIns IpUTOTOBJIEHUS CMECU AU3EJIbHOro TormBa Ne2 ¢ BOAOW mpenanojaraercs
NPUMEHSITh OOBIYHYIO BOJOIPOBOJIHYIO BOAY, O€3 MpeaBapUTebHOM 00pabOTKU WM
¢unbrpanuu. IlogoOHas npaktuka Obuia ucnbiTaHa B JluBonuu (etpoiT) mpu oOuiei
MUHEpaau3aluu BoAsl He Bhille 200 MUIUITUTpaMM Ha JIUTP.

BBuay Hanuuusg y Hamieil KOMHaHUM COOTBETCTBYIOIIMX 0a30BBIX TEXHUUYECKHX
pelIeHnd, Ha MOCIEAYIOUMX CTaJUsIX HUCIBITAHUN MpPENaracTcsi MPUMEHATh Ty XKE
BOJIOIIPOBOJIHYIO BOJY, Y KOTOPO# B 2JIEKTPOXUMHUYECKOM peakTope (M300peTeHue Halen
KOMIIaHUM) OYJeT YBeJIUYEH ypOBEHb MIENOYHOCTH 10 11 eauHwmIl.

YuursiBass BaXXHOCTb MMEHHO IIPOBEPKU KA4E€CTBA T'OPEHMS IOJYYEHHOU CMECHU
JU3EIBbHOIO TOIUIMBA U BOJBI, a TAKXKE aHAJIM3a YPOBHs 3arpsI3HEHUS BBIXJIOIHBIX I'a30B
OKHCJIAMU a30Ta U CaXKEM, MpeIaraéM HCIBITAHUS IOJIYYEHHOM IPU CMEIIUBAHUU
AMYJILCUU Ha4aTh C UCTIBITAHUMA IIPU IPUMEHEHUH dTOH AIMYIIBCHH B Ooiiepe (¢ pabounmu
XapaKTEePUCTUKAMM, YKa3aHHBIMU B OTBETAX HA HAIIU BOIIPOCHI).

Hama xoMnanus pacnonaraer ycTpoucTBaMu ISl KOMIUIEKCHOTO CMEIIMBAHUS U
aKTUBHPOBAaHUS TOIUIMBHBIX CMeced C padouuM JuUaMeTpoM 25 MWLIUMETPOB, C
IIPOU3BOJAUTEIBHOCTBIO:

- MakKCHUMaJsbHas 7.5 rajlyIoHOB B 4ac

— MUHUMAaJbHas 2.5 TaJlJIOHOB B 4ac

Jlist obecniedeHrs HAMHOTO MEHBIINX YPOBHEW NMPOU3BOJUTEIBHOCTH, TPEOYEMBIX
MPEJIOKEHHBIM  JIJII  UCHBITAHUM ~ OOMJIepOM, CHENHATMCTHI Halleld KOMIaHUHU
npeiaraloT Ha UMEOIEMCsl IPUCIIOCOOIEHNH TPUMEHUTh CUCTEMY OTBOJIa M3JHUIIHEN
SMYJIbCHUU B JOTIOJHUTENBHBIA OaK UM EMKOCTb.

Jlns ompeneneHus xapakrepa MpoLecca U TEXHOJIOTMU U ITOJYYEHHON OMYJIBCUH
OyzneT HeoOXOIUM TOT K€ KOMIUIEKC OOOpYyIOBaHHUS M MPHUCIIOCOONECHUH, BKIIOYas U

MU3MEPUTENbHBIE TPUOOPHI U HHCTPYMEHTHI.



OdeHb Ba)XKHBIM SIBIIACTCS HM3MEPEHHE TEMIICPATyphl TUIAMEHH TPU CTOpPaHUU
AMYJILCUH, YTO 0053aTEIHLHO HEOOXOAUMO TPEAYCMOTPETb.

B cnyuae cornmacusi ¢ mpenyiosKeHHBIM TOPSIIKOM MPOBEACHUS UCTIBITAHHM, HaIlla
KOMITaHUS TIPEJIOKHUT B COTJIACYET C BAMH IMPOTOKOJ UCIIBITAHUN | JIETATbHBIA paboduuit
JTU3aliH UCITBITATeIBHOTO 000PYI0BAaHUS WU UCTIBITATEILHOTO CTCHIA.



OO0was xapakTepuCTHKA 3MYJIbCHI, KOTOPbIe MOIYT ObITH IOJY4YeHbI NPH
MOMOIIM YCTPOMCTBA VIS JHHAMHYECKOI0 CMEIIMBAHUA U I'MAPOAUHAMHYECKOIO
AKTHBHMPOBAHMS KUAKOCTEH B Pa3BUTOM TYypOYJICHTHOM IIOTOKE

XapakTepuCTUKAa SMYJIbCUN, KOTOPbIE MOTYT OBITh IMOJYYEHBl IPU TMOMOIIU
YCTPOMCTBA JJIsI IMHAMUYECKOTO CMEIIMBAHKS U TUAPOJUHAMUYECKOTO aKTUBUPOBAHUS
XKUJKOCTEU B pa3BUTOM TYPOYJIEHTHOM MOTOKE

OMyJIbCUM MOTYT OBITh MOJYYEHBl B JUHAMHUYECKU aKTUBHOM IOTOKE OJHOM U3
KUJKOCTEH, BXOJSIINX B AIMYJIbCUIO. J[JIT U3rOTOBICHUSI SMYJILCUHA HET HEOOXOIUMOCTH
NPUMEHSTh TEXHOJIOTUYECKUE EMKOCTH, YCTPOMCTBO [Jisi MPUTOTOBICHUS SMYJIbCUU
SIBJISIETCSL YACThIO TPYOOTIPOBO/IA.

JIns MpUTOTOBJICHHUS SMYJIbBCUM HET HEOOXOJMMOCTH MPUMEHSTh BBICOKOE U
CBEPXBBICOKOE JIaBJICHHE, a TAK)Ke HET HEOOXOIMMOCTH B IPUMEHECHHUH YJIbTPa3BYKOBBIX
TEXHOJIOTHUM.

Bpems mpuroToBieHUs] 3MYJbCUM HE MPEBBIIAET A0Jiel cexkyHAbl. [lapamerpsl
SMYJIbCHH, B TOM YHCJIE U Pa3MEPhI YACTHUI €€ KOMIIOHEHTOB ONPEACISAIOTCS T€OMETpUEH
COOTBETCTBYIOIINX CEKIMI U JeTanell yCTpONCTBA AJIsl JUHAMUYECKOTO aKTUBUPOBAHUS
KHUJKOCTEH B pa3BUTOM TYpOYJICHTHOM IOTOKE.

[Ipomiecc NpPUTOTOBIEHUS AMYJIBCUU MPOUCXOJUT B OJHO U TO KE BpeMs C
FOMOTE€HH3alMe HE TOJBKO IO pa3MepaM YacTUll KOMIIOHEHTOB 3MYJbCHH, HO M IO
YPOBHIO TYpOYJI€HTHOCTHU MOTOKA.

OO61me cBOMCTBA SMYIIBCUH, B KOTOPBIX COJEPKaHUE OPTraHNYECKUX KOMIIOHEHTOB
IPEBBIIIAET COJAECPKAHUE HEOPraHUYECKUX KOMIIOHEHTOB M KOTOpBIE IMOJIY4YEHBbI MpHU
NOMOIIM YCTPOMCTBA [JIsi JUHAMHYECKOTO aKTUBUPOBAHUS KUAKOCTEH B Pa3BUTOM
TypOYJICHTHOM MTOTOKE:

1. OOmme CBOWCTBA SMYJIBCHUH, B KOTOPBIX COJACpPKAHUE OPTraHUYECKUX
KOMIIOHEHTOB MEHBIIIEC, YEM COAECPKAHWE HEOPraHWYECKUX KOMIIOHEHTOB, U KOTOPBIE
MOJIYYEHBI IIPU TOMOLIM YCTPOUCTBA JJIs1 JUHAMUYECKOTO AKTUBUPOBAHUS KUJIKOCTEU B
Pa3BUTOM TypOYJIEHTHOM MOTOKE

2. OOmme CcBOWCTBA SMYJIbCHH, B KOTOPBIX COACp)KaHWE OPraHUYECKHX M
OMONOTHYECKUX KOMIIOHEHTOB MPEBHIIIACT COJEPKAHNE HEOPTAaHUYECKUX KOMITOHEHTOB,
Y KOTOpBIE TMOJIYyYEHbl NPU NOMOIIM YCTPOWCTBA ISl JUHAMUYECKOTO aKTHBUPOBAHUS
AKUJKOCTEU B pa3BUTOM TYpPOYJIEHTHOM MOTOKE

3. OOmme CcBOWCTBA SMYJIbCUH, B KOTOPBIX COACp)KaHWE OPraHWUYECKHX H



OMOJOTMYECKUX  KOMIIOHEHTOB  MEHbIIE, YEeM  COJACpPKAHUE  HEOPTraHUYECKUX
KOMIIOHEHTOB, W KOTOPBIE IOJYYEHBI NPU MOMOIIM YCTPOMCTBA ISl THUHAMUYECKOTO
AKTUBHPOBAHUS KUIKOCTEN B Pa3BUTOM TypOYJEHTHOM MOTOKE.

Pucynoxk 1. [Ipumep aBTOMOOMIISI, B KOTOPOM MOKHO MCIIOJIB30BaTh OMKUCAHHYIO

TCXHOJIOTHIO



HoBasi Bepcusi TeXHOJIOTHMH NPUTOTOBJIEHUS IMYJIbCHUH BOOOIE M TOILIUBHBIX
IMYJIbCHH B YACTHOCTH

OcCHOBHOE OTJIMYME MpeajiaraeMoi BEpCUM TOJYUYCHUSI IMYJIBCUU 3aKII0UAETCS B
TOM, 4TO:

- aMyJibCUsl GOPMUPYETCS B YCTPONCTBE JJIsI TUHAMHYECKOTO CMEITUBAHUS U
AKTUBUPOBAHUs KUIAKOCTEHW M Tras3oB, B JAWHAMHYHOM 1notoke 60 % opHOro wus
KOMIIOHEHTOB SMYJILCUU B KOTOPBIM TakXe€ B BUJIC JUHAMHUUYECKOTO TMOTOKA, BBOISTCS
40% »5TOro *€ KOMIIOHEHTa 3MYJbCUU U TOCJE 3TOr0 B MeCTO coeauHeHus 60 u 40
MPOIICHTOB OJTHOTO M3 KOMIIOHEHTOB AMYJILCUU BBOJUTCSI BTOPO KOMIIOHEHT dMYJIbCUH,
TaK)Xe B BUJIE TUHAMHYECKOTO MOTOKA;

- noToku 60 u 40 MPOLIEHTOB OJTHOTO U3 KOMIIOHEHTOB SMYJbCUU SIBIISIIOTCS
KOAKCHAJIbHBIMU U COOCHBIMU B TPEXMEPHOM MPOCTPAHCTBE, B KOTOPOM ITH (PparMeHThI
MOTOKOB JIBUXKYTCS,;

- OpU 3TOM JIMHEHHBIE CKOPOCTH JBH>KeHUs mnoToka u3 40% oagHoro wus
KOMIIOHCHTOB 3MYJIbCUM KaK MHUHUMYM B 4 pa3a MPEeBHINIAIOT JMHEHHBIE CKOPOCTHU
notoka u3 60% 3Toro ke KOMIOHEHTa IMYJIbCHUHU;

- ¢usznueckre ycIoBUS B MECTE€ COEAMHEHHUS STUX IOTOKOB, BKIIIOYAs
KoHIeHTprueckue »HhdexTsl bepHymmM B KaXIOM H3 MOTOKOB 00€CIEeYUBAIOT
TOMOT€HHM3alM0  TYpOYJIEHTHOCTH  OOBEIMHEHHOTO  MOTOKa  (TypOyJeHTHYIO
TOMOI'€HU3ALIMIO);

- JUHAMHYECKUN MTOTOK BTOPOTO KOMIIOHEHTA 3MYJIbCUU BBOJUTCA B 30HY, B
KOTOPO#1 OCyIlecTBIIeHa TypOyJIEeHTHAsE TOMOT€HU3AIHS;

- WHTETPUPOBAHHBIN TMOTOK MOJYYCHHOU SMYJIBCUH MPUOOPETAET COCTOSHHE
TOMOT€HHU3allMK YPOBHS TYpOYJICHTHOCTH IO BCeMY 00bEMY MHTETPUPOBAHHOTO MTOTOKA
BO BCEX TOUKAX CEYEHUS 3TOTO MOTOKA;

— BpeMsi 3TOTO mporecca GOPMUPOBAHUS TOMOTCHU3UPOBAHHON TIO0 YPOBHIO
TypOyJIEHTHOCTH SMYJIBCUU TI0 pacuéTram cocTasisieT He 6omee 0.1 cekyHabl;

— BBIXO/l U3 YCTPOMCTBA ISl TUHAMUYECKOI'O CMEIIUBAHUSI U aKTUBUPOBAHUS
KUJIKOCTE W Ta30B B HHTETPUPOBAHHOM (M300PETEHHOM) YCTPONCTBE HAINPIMYIO
COEOMHEH C BXOAOM B CTAaHJAPTHBIM HACOC BBICOKOIO JaBJIEHUSA (IPUMEHSEMBIM Ha
T000M COBPEMEHHOM JIBUTATE€ BHYTPEHHETO CrOpaHUs KakK [W3EIbHOM, TaK W
OCH3WHOBOM);



- MHTEPBaJ BPEMEHH, HEOOXOAMMOrO JJIsl EpPeXo1a MEPBUYHON IMYIbCUU C
TOMOT'€HU3UPOBAaHHBIM yYPOBHEM TYpOYJEHTHOCTH B paldouMe IWIMHIPHI Hacoca
BBICOKOI'O JTaBJICHUS HE MpEBbIIIAET o pacuéram Takxke 0.1 cexyHsl;

- B HACOCE BBICOKOT'O JIaBJIICHUS dMYJIbCHSI C TOMOT€HU3UPOBAHHBIM YPOBHEM
TypOyJIEHTHOCTH CKHUMaeTrca 10 jasieHus Oosnee 2000 ©Oap, 4YTO MO3BOJISAET
MIPEANOJIOKHUTD, UTO, CIEAYS ONPEIEICHUIO HAHO — AMYJIbCHH, ITPX TAKOM YPOBHE CHKATHUSA
IIPOUCXOJUT €€ OJIMH LUKJI TOMOTE€HU3allH SMYJIbCUU, BOSHUKAOIIEH IIPU €€ CIKAaTUH B
3aMKHYTOM OOBEME, YTO MOKET KBaJU(UUMPOBATHCS KaK MPOLECC MOJYyYEeHUS HAHO
AOMYJIbCUU CO BCEMH CBOMCTBAMM M IPEUMYIIECTBAMHU HAHO dMYJIbCHH;

- BBHJlYy TOTO, YTO OT MOMEHTA BO3HUKHOBEHHS TOMOI'E€HU3ALMU 10 YPOBHIO
TypOYJIEHTHOCTH O MOMEHTa BO3HMKHOBEHHSI TOMOTEHU3AIMH OT CHKATHsI TPOXOAUT HE
6onee 0.2 cekyHAbl, C YUETOM UHEPTHOCTHU ATUX MPOLECCOB B MOTOKE KUAKOCTH, MOKHO
CUMTATh MPOLIECC TOJIHOKW TOMOTE€HHU3aLUH TTOJHOCTHIO OJTHOPOIHBIM;

- yKa3aHHBIA  WHTErpajbHbI  mporecc (HOpMUPOBAaHUA  JTBOMHON U
TPEXMEPHOM TOMOIEHM3alMM B  HENPEpPhIBAEMOM JMHAMUYECKOM  OJIHOPOJHO
TypOyJIEHTHOM MOTOKE CMEIIMBAEMBIX B IMYJIBCUIO KUAKOCTEH TaKMM 00Pa3oM MOMKHO
CUUTATh IIOCIENOBATEIBHBIM IIPOLECCOM IOMOICHU3AUN DMYJIbCUUA U €€ MEPEXOAOM B
KOHLIE ITPOLECCa B KATETOPUIO HAHO HMYJIbCUM;

[To 3Tomy MeTony HaMu OblIa B IOTOKE C(HOPMHUPOBAHA IMYJIBCHUS U3 TU3EIBHOIO
TOIUIMBA W BOAOIPOBOJHOM BOJbI, KOTOpas IPHU CHKUIAHUU B KaMepe CropaHusd
JU3eNBbHOTO JABUraTess IOKa3aja HeoObIUYHbIE II0Ka3aTead, HEe BCTpeyaroluecs B
nyOoiuKalusX, ¥ HE OTMEUYEHHbIe B OINYOJUKOBAaHHBIX peE3ylbTaTax Hay4YHBIX
HKCIIEPUMEHTOB M MCCIEAOBaHUN. DTO MO3BOJISIET MPEANONIOKUTh, YTO Oblja MOJIydYeHa
MMEHHO HaHOAMYJIbCHUS, YTO KOCBEHHO MOJTBEP)KIAeTCs M NMpH aHanuse (oTtorpaduii
OMYJIBCUU 10 MUKPOCKOIIOM.

HNHTerpupoBaHHOE yCTPOWCTBO, COCTOSIIEE U3 CHUCTEMBl CMELIMBAHUSA W
TOMOT€HHU3ALUU YPOBHS TypOYJIEHTHOCTH 3MYJIbCUU, CBSI3aHHOW HAIPSIMYIO C HACOCOM
BBICOKOTO JIaBJICHUS] KaKk OOBEKTOM pa3MEpPHON TI'e€OMETPUYECKON TOMOTreHHU3AINH
OMYJILCUU IIOJ JABJIICHUEM, 34 IIPEAEIbHO MAJIO€ BpEMsI MEXAY dTallaMi TOMOT€HU3allNH,
IIPU  MAaKCUMAJIBHOW OJHOPOJHOCTH paCHpENEeeHUs 4YacTHUILl OJHOIO0 KOMIIOHEHTa
SMYJbCHH B OOBEME TOMOIE€HHU3MPOBAHHOIO IO YPOBHIO TYpOYJIEHTHOCTH BTOPOIO
KOMIIOHEHTa 3MYJIbCUH, MO3BOJSET KBAIU(PHUIMPOBATH TMOCIEI0BATENbHBIN MpoIece
dbopMHUpOBaHUS OMYJIBCHM KaK HOBBIM W TO3BOJSIOMHAA TIONYYUTHh JTBOWHYIO
TOMOTEHH3ALNIO 3MYJIbCUHU C MEPEXOIOM ITOM AMYIBCUN B KaTETOPUI0 HAHOSMYJIBCHH,



HO C HOBBIMH KPUTEPHUSIMH OJHOPOAHOCTH Kak IO TE€OMETPUH, TaK U MO YPOBHIO
TypOyJIEHTHOCTH.

O1u PakThl TOBOPSIT O TOM, YTO ONMKUCAHHBIN MPOIIECC U UHTETPAIILHOE YCTPONUCTBO
JUISL €T0 pealiu3alliy SIBIIOTCS HOBBIMH W HE OYEBUJIHBIMU [JIs JIIOOOTO CpeIHe
KBJIM(PUKALIUU CIIEUATUCTa B 3TOU 00J1acTH.

UTto 1300peTeHO:

— HOBBIM BHJI HAHOAMYJIbCUHM C JBOWHOM TPEXMEPHOW TOMOTCHU3ALUEN B
JTMHAMHYECKOM MOTOKE KaK M0 YPOBHIO TYpOYJEHTHOCTU, TaK U TI0 TEOMETPUU YACTHII B

eé 00BéMe;

- HOBBI BHJ W KOH(pUrypamwsi ammapata JJIs  TOCJIEAOBATEIbHON
TOMOTCHHU3allMd B PAa3BUTOM JUHAMHUYECKOM ITOTOKE MKHAKOCTEH — KOMIIOHCHTOB
OMYJIbCHHU.

Pucynoxk 2. [Ipumep aBTOMOOMIISI, B KOTOPOM MOKHO MCIIOJIB30BaTh OMKUCAHHYIO

TCXHOJIOI'HIO



IMYJIbCHHI

OMyJbCUH, B KOTOPBIX KOMIIOHEHTHI OPraHUYECKOT0 MPOUCXOKICHUS CMEILIAHbI C
BOAOW. B 3THX 3MyJIbCUSX KOMIOHEHTHl OPIaHMYECKOI'O MPOUCXOXKIACHUS BBEICHBI B
BoAy. KoMIoHeHTaMu OpraHM4ecKoro MpOMCXOXKAEHUS MOTYT OBbITh YIJI€BOJIOPOIHBIE
KUJKOCTH, JKUJIKOCTH, COJEpXKalllMe€ BbICOKME KOHLEHTpAlMu KUPOB, Macia,
apOMaTHUYECKUX YIJIEBOAOPOJOB U T. .

B sMynbcusix 3TOro TMma cojepkaHhue OpPraHMYEeCKHMX KOMIIOHEHTOB B BOJIE HE
npesbimaeT 50% ot Beca Bcel IMYINIbCHH, HO B OOJIbIIMHCTBE ciayyaeB 310 10 — 20 % ot
BECa BCEU DMYIILCHU.

Haubonee BaxxHble mapaMeTpbl TAKMX IMYJIbCHIA:

— pa3Mephl YaCTHIl WM Karlelb KUJKOCTH OPTaHUYECKOro MPOUCXOXKIEHUS B
BOJIE;

- PaBHOMEPHOCTD paCTpeesICHHs] YaCTHUI] OPraHUYECKOTO MPOUCXOKICHUS B
BOJIE;

- YCTOWYMBOCTh PAa3MEPOB YACTHUIl WJIM Karelb XUIAKOCTH OPraHHYeCKOro
IIPOUCXOXKIEHUSA, MOBTOPSEMOCTh 3THUX pa3MEpPOB M IIEPUOJ BPEMEHH, B TECUCHUU
KOTOPOI'0 COXpaHsEeTCs paBHOMEPHOCTDb PACHPEAEIICHUS ATUX YacCTHUI] B 00BEME BOJIBI.

HcnplTanust SMYJIBCUII 9TOTO TUIIA MOTYT MMETh HEMOCPEACTBEHHBIA XapakTep
U3MEPEHUH, ITPU KOTOPOM 3MYJIBCUH (OPMUPYIOTCS Ha Y CTpoiicTBe 1711 (POPMUPOBAHUS
OMYJIbCHH, U MTOJIYYEHHAS SMYJIbCUS UCCIEAYETCS Ha IIPEAMET U3MEPEHUS :

- pa3MepoB 4YacTHL] WIM Kalejb J>KHJIKOIO KOMIIOHEHTa OpPraHUYeCKOIO
IIPOUCXOXKIEHUS B BOJE;

- PaBHOMEPHOCTH M OJHOPOAHOCTH PACHPENEIEHUS YACTULl OPraHUYECKOTO
IIPOUCXOXKIEHUS B BOJE;

- JUIMTEJILHOCTH II€pUOJAa YCTOMYMBOCTH pPa3MEpPOB YACTHIl WIM Kaleilb
KUJAKOCTH  OPraHWYECKOrO0  IPOHUCXOXKIEHHs,  COXpPAaHEHHE  I'€OMETPUUYECKOH
ITOBTOPSIEMOCTH 3THX Pa3MEPOB 3a ONPEAEIEHHBIN IEPUOJ BPEMEHH, U, IEPUOJ BPEMEHH,
B TEYEHUHU KOTOPOI'O COXPAHSIETCS PABHOMEPHOCTD PACIIPEIEIICHUS 3TUX YaCTHI] B 00bEME

BOJIBL.



IMYJIbCUH M UX OTJIMYMA B 3aBHCHUMOCTH OT Pa3MepHbIX (PaKTOPOB

Pazmepsl yacTul] JKUAKUX KOMIIOHEHTOB OMYJIBCUM OIPEAECIAIOT OCHOBHBIC
CBOMCTBA M XapaKTEPUCTUKU DMYJbCUU. UemM MeHbLIE pa3Mepbl YacTULl, TEM BBILIE
Ka4yeCTBO 3MYJIbCUHU. IIpOM3BOACTBO 3MyJIBCHNM IO TEXHOJOTUM U HA YCTPOMCTBE IJIA
JUHAMUYECKOTO CMEIIMBAHUA, TOMOI€HU3ALMU U aKTUBUPOBAHUS, II03BOJISIET IIOIyYUTh
MHUHHMMAaJIbHBIE 3HAYEHUs Pa3MEPOB YACTUL. DTOT NapaMeTp SBISETCS OCHOBHBIM IPU
KBUIU(PUKALUKA SMYJIbCUM KaK MHHHAIMYJbCUS, KAaK MHUKPOAMYJbCHUS M Kak HaHO
OMYJIbCHSL.

IIpu nepBBIX UCIIBITAHUAX ITPOLIECCA IPUTOTOBIICHUS YMYJIbCUU HA YCTPOUCTBE 1A
JUHAMUYECKOTO CMEIIMBAHMS, TOMOT€HU3AMM M AKTUBUPOBAHHUS OBUIM MOJYYEHbI
IIPU3HAKM MHOIOYPOBHEBOI'O  PACIIOJOXXEHMS KalCyJl M AaBTOHOMHBIX YaCTHIL
KOMITIOHEHTOB. JTOT (akTtop Tpebdyer Oosiee MOAPOOHON M AETaTbHON MPOBEPKHU MpHU
MOCJIEAYIOINX UCTIBITAHUSIX.

OMyJIbCUM W HX OTJIMYUSA B 3aBUCUMOCTH OT (DaKTOPOB PaBHOMEPHOCTHU
pacnpeiefieHus: YaCTHIL JIONOJHUTEIBHOTO (HE JIOMUHUPYIOIIET0 KOMIIOHEHTa) B 00bEMe

AOMUHUPYIOUMICTO KOMIIOHCHTA.

IMYJIbCHH M UX Pa3jiN4Ms B 3aBUCMMOCTH OT METOAAa FOMOIeHU3AUH

B kiaccudeckux TEXHOJOTHMSX HPUTOTOBJIEHUS DMYJIBCHM ISl TOMOT€HU3ALUU
IIPUMEHSIOTCS pa3JINYHbIE XUMAYECKHUE peareHTsl. [[pyu npuMeHeHun 11t PUroTOBICHUS
OMYJIbCHUM YCTPOWCTBA JUIi JUHAMUYECKOTO CMEIIMBAaHUSA, TOMOICHU3ALUU U
aKTUBHPOBAHUA 00a 3Tara roMOreHU3AIMH OCYIIECTBIIAIOTCS TOJIBKO 32 CUET TEOMETPUU
yCcTpoiicTBa 0€3 Kakux-IM0O0 XUMHUYECKHUX PEareHTOB, MPH YIYYIIEHMH OCHOBHBIX

CBOMCTB M Ka4yeCcTBa OMYJIbCHH.

IOMYJbCHH M HMX OTJHYUA B 3aBHCHMOCTH OT IOCJeI0BATEJIbHbIX HIAT0OB
roOMOreHM3anun

B sMynbcusiX KJIAaCCMYECKOrO0 THIA OTCYTCTBYET TOMOT€HHU3AlUsl IO YPOBHIO
TypOyJIEHTHOCTH.

B ycrpoiicTBe i IMHAMUYECKOIO  CMENIMBAaHMS, TOMOTCHHM3alUH U
AKTUBUPOBAHUS KaK HCKJIIOYUTEIBHOE CBOMCTBO MW  MPEUMYLIECTBO HMMEETCS
BO3MOXKHOCTh B TMPOLECCE MPUTOTOBICHUS HSMYJIbCHM 3a0QHO U OCYILIECTBUTH
TOMOTEHU3AIMIO IO YPOBHIO TYpOYJIEHTHOCTH.
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IIpu4uHBI BaKHOCTH FOMOT€HU3ALMHU 110 YPOBHIO TYPOYJI€HTHOCTH

OnHUM U3 BaKHEUIIIUX CBOMCTB B paboveM IUKJIE YCTPOUCTBA JIsl TMHAMUYECKOTO
CMEIIMBaHUs1, TOMOI'€HU3alU1 U aKTUBUPOBAHHUS SIBIISIETCS] BO3MOXKHOCTh CO3/1aTh B 30HE
(GopMHUpOBaHUS SMYJIBCUM OJHOPOJHOTO (oHAa MO TYpOYJIEHTHOCTH IO BCEMY
MONEPEYHOMY CEYEHUIO MOTOKOB KOMIIOHEHTOB 3MYJIbCHUHU.

Kpome Toro, uro onHOpoaHblid QOH TypOyJIE€HTHOCTH (HOPMHUPYET OJHOPOIAHBIN
pa3MepHbIii (OH YacTUL, OJMHAKOBBIE THUJIPOJMHAMUYECKHE YCIOBHS B 30HE
MPUTOTOBJICHUSI 3MYJIbCUU TO3BOJISIOT CHU3UTH BpEeMs HEOOXOIMMOE ISl MOJHOTO
OPUTOTOBJIEHUS HMYJbCUHU, YTO OYEHb BaXXHO NIpU (OPMUPOBAHHH HMYJIBCHUH B

JUHAMHN4YCCKOM ITOTOKC €€ KOMIIOHCHTOB.

IIpu4uHBI Ba’KHOCTH rOMOI€HU3ALMHU MPHU MOMOIIM BHICOKOI0 1aBJICHUSA

Bo3MoxkHOCTh moOcneaoBaTelbHOW paOOThl yCTPOMCTBA ISl JTUHAMUYECKOTO
CMEIIMBaHUs, TOMOTEHU3AIlMM M AaKTUBUPOBAHUS C HACOCOM BBICOKOTO JIABJICHHMS
MO3BOJISIET CO3/1aTh UCKIIOUUTENIbHBIE PABHOMEPHBIE YCIOBUS IS TOMOT'€HU3ALUU MO/
BO3JICHCTBUEM BBICOKOTO JaBJCHMS, TaK KaK B HACOC BBICOKOI'O JIaBJIICHUS MOCTYMAET
AMYJIbCUS C OAHOPOIHBIM (POHOM TYpOYJIEHTHOCTHU MO BCEMY 00BEMY.

Ba:kHOCTh MUHHMHM3AIUM BPEMEHHOI May3bl MeXAy MOCJIeJ0BaTeJbHbIMHA
HMKJIAMH FOMOTeHU3AI U

Bpemennas mnay3a MeEXIy MpOIIECCOM TOMOICHH3allMu TYpOYJIECHTHOCTU U
rOMOT€HHU3allMY TI0]1 JaBJIeHUEM, OJaroapsi CBOMCTBaM yCTPONCTBA ISl TMHAMUYECKOTO
CMEIINBaHUsl, TOMOT€HU3allUU U aKTUBUPOBAHUSA, COCTaBIseT He Oosee 10 MUILTHCEKYH]T

Takol Mayiblii BPEMEHHOW HMHTEPBAJ IIO3BOJISIET CYUTATh MOCJIEA0BATEIbHBIN
IPOIECC TOMOTEHU3AllMd HEMPEPHIBHBIM W 00€CIEeUnBaeT CTA0MIBHOCTh U KadeCTBO

Mporecca ABOMHON TOMOT€HU3AIIUH.

BaxxHOCTh MYJIbTHINIMKAIIMUA CKOPOCTH JABMKCHHUS WJIU JaBJeHHUS B MOTOKeE
MEKAY MOCaeA0BATEIbHBIMHU UKJIAMHU FOMOIeHHU3a MU

Kak nokaszanu nepsplie CTIBITAHUSA YCTPOUCTBA ISl JUHAMUYECKOTO CMELINBAHUS,
TOMOTCHHU3allMd W aKTUBUPOBAHUSA TIpH (HOPMHUPOBAHUM SMYIBCHH, BBOJ B KaHAI, IO
KOTOPOMY 3MYJbCHS BBIBOJUTCS W3 YCTPOMCTBA JJIsi JWHAMUYECKOTO CMENIMBAHUSA,
FOMOTE€HU3AlUd W AKTUBUPOBAHMS, CTUMYJATOpPA THUAPABIMYECKOrO CONPOTHUBIIEHHS,

IIO3BOJIACT I/IHTeHCI/I(l)I/IHI/IPOBaTB IMpoHeCC IMPUroTOBJICHUA SMYJIbCUH.
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TexXHUKO0-IKOHOMHNYECKOe 000CHOBaHME KOHIIeHIII/Iﬁ TECTHPOBAHUA

Hogoe n3zo0perenue: MHaTerprpoBanHas cuctema JJisi OJy4eHUs] HAHOTOTUTMBHOM
AMYJIbCUU W3 OCH3MHA M 3TaHOJIA HA aBTO3AIPABOYHOMN CTAHIIMH.

Ha pucynke 3 npencrtaBieH KOHUENTYaIbHBIA BapUAHT MCMOJb30BAHUS CUCTEMBI
MPOU3BOACTBA TOTUIMBHON HAHOAMYJIBCUU HA: aBTO3AIIPABOYHOMN CTAHIIMKU WJIX 3aBOJIE 1O

IMPOU3BOACTBY TOIIJIMBA.

l (6Y
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Pucynok 3. KonnenTyanbHbIil BApUAHT UCIIOJIb30BaHUS CUCTEMBI IPOU3BOCTBA
TOIIMBHON HAaHOAMYJIbCUU

1 — 6ak ju1st OeH3MHA WK JU3ETFHOTO TOILINBA
2 — pe3epByap JJIs dTaHoJa (UJIM METaHOJIa C BOJAOM, UJIM ATAHOJIA C BOJION)
3 — HacoC BBICOKOTO JaBJICHUS (OT OOBIYHOTO TU3EIBHOTO ABUTATEIIS)
VYerpoiicTBo nis cMenuBaHus U aktuBaiuu Tomusa 4 — TEI (Tekymumii nmpoTotu,
IuaMeTp 25 M)
5 — IOMOJIHUTEIBHO, - Pe3epByap AJIsl BOJbI
12



6 — OCHOBHOW BBOJA O€H3MHA WM AU3EIBHOIO TOIUIMBA B YCTPOWCTBO JUJISt
CMEIIIMBAHMUS U aKTUBAIIUH TOTUINBA

7 — BTOpas rpynna (4) BXOAOB AJIs YCTPONUCTBA CMEIITUBAHUS U aKTUBAI[MH TOTLTHNBA

8 — BBOJI ATaHoja (WK METaHOA, WJIH CMECH 3TaHOJI-METAHOJI C BOJIOM, UIIA BOJIBI)

9 — omnius BBOAA BOJIbI

10 — BogonpoBo/1 (OMIIMOHAIBHO)

11 — 3anpaBouHblii Oak a7 OEH3WMHA/IM3ENBHOIO TOIUIMBA CO CMEChIO 3TaHOJA
(MeTaHOJIa WJIK BOJIBI)

12 — mepBas cTaaWss TOMOT€HHM3AIMHM TOIUIMBHOW CMECH, - TOMOTEHHU3allus Ha
TypOyJIEHTHOM YpOBHE (HOBasi orepanus)

13 — BTOpas cTaaus TOMOTEHM3AIMHA TOTUIMBHOW cMecH (MHUKPOIMYIIBCHUU) TIOJ
BBICOKMM JaBJICHUEM U TOTYYCHHS] HAHOOMYJIBCHH (HOBAs ONEpaIins)

[IpenMytiecTBa TEXHOJIOTHH:

— —pe3ynbTar paboThl — HAHOTOIUIMBHAS SMYIIBCHS, KOTOpasi uMeeT Oosee
BBICOKOE OKTaHOBOE YHCIIO, HU3KHI YPOBEHB JIETOHAIINN, HU3KHE BRIOPOCKHI U pACYETHYIO
HYKOHOMUIO TOTLITMBA

— _IPOCTOE U HE JOpOroe 000pyAOBaHUE AJIs OCYIIECTBICHUS Olepaluu

- _o0opynoBaHle MOXET ObITh aJaNTHPOBAHO K  CYLIECTBYIOIIUM
3alpaBOYHBIM CTAaHIUSAM WIK OOOpPYIOBAaHUIO MPOU3BOJCTBEHHOI'O MPEANpPUATHS Oe3
KaKUX-IM00 MOAM(UKAINN CYIIECTBYIOIIETO 000pY10BaHUS

- — 17151 IPOM3BO/ICTBA HAHO3MYJIBCUM HE TpeOyeTcs SKCIUTyaTallMOHHbIHN Oak,
- BCE OMepaluy NPOU3BOAATCSA B JUHAMHUECKHUX YCIOBUIX OTOKA TOIJIMBA B TpyOe

Konourypauuss B COOTBETCTBUM C PUCYHKM | MOXeET OBITh HCIOJb30BaHA B
Ka4eCTBE TEXHUKO-IKOHOMUYECKOTO OOOCHOBAHMS W JIEMOHCTPALMOHHON TeCcTOBOM
YCTaHOBKHU.
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Pucynok 4 nemMoHCTpUpyeT BTOpPOM BapuaHT H300peTeHuss ¢ nojaaue
HAaHOAPMYJbCUU HEMOCPEICTBEHHO B 0Oak aBTOMOOWJS (Ha OOBIYHONM 3ampaBOYHOMN
CTaHIIMU) UK B TOPEJIKY KOTJIA.

Pucynok 4. BapuanT nzo6peTeHus ¢ nmojgaueid HAHOAMYJIILCUU HETIOCPEIACTBEHHO B OaK
aBTOMOOWIIS

1 — 6ak myist OeH3MHA WIIH IU3E€ILHOTO TOIINBA;

2 — pe3epByap sl 9TaHOJIa;

3 — HacoC BBICOKOTO JIaBJICHUS (OOBIYHBIM HACOC BHICOKOTO JABJICHUSI TU3EIHLHOTO
JIBUTATE);

4 — TOIJIMBHBIM OaK aBTOMOOMJIS;

5 — YCTpOMCTBO JJ1s1 CMEIIIMBAHUS U aKTUBAIIMHU TOTIMBA;

6 (ONMOHANIBHO) — pe3epByap ISl BOJBI;

7 — OCHOBHOM BBOJI OCH3MHA WJIN JTU3€JILHOI0 TOIIMBA;

8 — BBOJ ATaHOJIA;

9, 10 — BTOpas rpy1ma BBOJIOB OCH3MHA WU TU3EJIbHOTO TOIUIMBa (4);

11 — mepBas craaus TOMOTeHHU3aIUN TypOYICHTHOCTH (HOBAas);

12 — BTOpas cTaaus HAHOTOT€HU3AIIUH 1101 BEICOKUM JaBJICHUEM (HOBasl)
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JlononHUTENbHAS ONUKS JUIsl PETPOPBIHKA MMPOIEMOHCTPUPOBAaHHASA HA PUCYHKE 5.

N

Pucynok 5. JlonoaHuTeNbHAS OMIIUS

1 — TorMBHBIN Oak aBTOMOOMIISA (OOBIUHBIN 0€3 KaKUX-IM00 MOIU(DHUKAIINA);

2 — BBOJI HAHOAMYJIbCUM OCH3MHA WM JU3EJIHHOTO TOIIMBA C aBTO3aIPaBOYHOMN
CTaHINH;

3 — yCTpOWCTBO aKTUBAIIMU MOJJaYH TOTUIMBA C BXOJIaMH TOJBKO JIJI HAHOAMYJIbCUH
U3 TOTUTMBHOTO 0aka aBTOMOOWMIIS (1aBieHue ~ 45 pyHTOB Ha KBaJpaTHBINA TIOWNM;

4 — HacoC BBICOKOTO JIABJICHUSI aBTOMOOMJIS;

5 — OCH3WHOBBIN MWW AU3ETHHBIN IBUTATETh aBTOMOOHIIS;

6 — mepBas JOIMOJHHUTENbHAS CTaAus TOMOTCHH3AllMd HAHOAMYJIbCUH (TOJIBKO
roMoreHu3anus 0e3 nepeMenBaHmsl);

7 — ceKyHHAas TOTIOJIHUTENbHAS CTaIsl TOMOTEHU3AIMHA HAHOIMYITECUU OOBIYHBIM

HaCOCOM BBICOKOI'O JABJICHHA ABUI'ATCIIA IICPCI BIIPBICKOM
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Pe3y.]'leaTbI IMNEPBUYIHBIX HCNBITAHUN 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 (tests 1 — 4
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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:

Test Blend Variables/Results 5 Bar 10 Bar 15 Bar
# Components (~70Ib/ft) (~140Ib/ft) | (~210Ib/ft)
Blend % Methanol 22.6% 22.3% 24.6%
BSFC -17.9% -14.1% -18.0%
Net Cost Benefit/unit -0.7% 3.0% 0.9%
. Nox (ppm) 1.6% 6.4% 15.5%
No.2D |
1 0-2Diesel /- rc o (FSN) 85.7% 81.5% 35.1%
Methanol Ep—— I
S 3.9% 0.8% 2.8%
Efficiency
THC -230.0% -2.8% 16.1%
Injection Timing (BTDC) 12 8 8
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-Mi
(Pre-Mix) Bre?k.e Thermal 5.3% 1.6% 21%
Efficiency
THC -40.0% 8.5% 9.4%
Injection Timing (BTDC) 12 12 12
Blend % Water 20.1% 20.4% 19.7%
BSFC 3.5% 0.6% -0.4%
Net Cost Benefit/unit 3.5% 0.6% -0.4%
3 No. 2 Diesel / Nox (ppm) 19.8% 25.6% 26.9%
Water Smoke (FSN) 86.2% 87.9% 67.4%
Brake Thermal 3.6% 0.6% -0.4%
Efficiency
THC 3.9% 8.5% 0.0%
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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% -
. Nox (ppm) -7.7% 17.1% -
No.2D [
°Ethaf§f " Tsmoke (FSN) 86.4% 86.7% -
Brake Thermal 6.2% 2.1%
Efficiency
THC -117.0% -11.9% -
Injection Timing (BTDC) 12 12 -
Blend % Methanol - 20.0% -
BSFC - -12.9% -
) Net Cost Benefit/unit - 2.4% -
No. 2 Diesel /
Nox (ppm) - 7.8% -
Methanol (Re-
. Smoke (FSN) - 66.7% -
blending w/o FAD
Brake Thermal
- Same Day) o -1.1%
Efficiency
THC - 0.0% -
Injection Timing (BTDC) - 8 -
Blend % Methanol - 20.0% -
BSFC - -9.7% -
No. 2 Diesel / Net Cost Benefit/unit - 5.6% -
Methanol (Re- Nox (ppm) - 8.7% =
. ) Smoke (FSN) - 70.4% -
blending with Brake Th I
FAD - Same Day) re? ,e erma 1.8%
Efficiency
THC - -16.9% -
Injection Timing (BTDC) - 8 -
Blend % Methanol - 20.0% -
BSFC - -10.1% -
No. 2 Diesel / Net Cost Benefit/unit - 5.2% -
Nox (ppm) - 7.8% -
Methanol (Re-
. Smoke (FSN) - 73.1% -
blending w/o FAD
- Next Day) Brake Thermal 1.4%
Efficiency '
THC - 4.5% -
Injection Timing (BTDC) - 8 -
No. 2 Diesel / Blend % Methanol - 20.0% -
Methanol (Re- BSFC - -11.9% -
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blending with Net Cost Benefit/unit - 3.4% -
FAD - Next Day) | Nox (ppm) - 7.4% -
Smoke (FSN) - 57.7% -
Bra.nk'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 S450/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.

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
20



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.
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Graph 4
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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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Graph 5
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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 numbers 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 created 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

* 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 combustion effects
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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

Sl ——— fpr ——

Main output from
the system

Bottom FAD- 25 (reserve, re-
blending and homogenization of back
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

e 1 ..‘, » @}
e W X

Methanol input

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



Figure 3

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

Main HFO input to the

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

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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flow

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

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 |

L 0C
@
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Top device, HFO main Methanol integrated input
input; Calibrated for 60% — 4 radial inputs, 25% of
of the total HFO flow the methanol flow each

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
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Top device, HFO second integrated
input for 40% of the total HFO flow; 4
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

Collector positioning system
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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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Ipuiaoxenue 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 programmed controller
Agitating centrifugal pump

46



47



Ipuioxenue 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 1s 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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