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[pyMeHeHrne  MUKPOCTPYKTYPHbIX

obnacTax TexHUKU

copdz IsjtedzOIsd o dzOwY d

annapartoe B Pa3fnmYHBIX

[azoBble U naporasoeeile T}"pﬁHth, BOOOPOOHAA 3HEepPreTHukKa, TOMNJIMEHbIE
3INeMeHTbl, BbICOKOTEMMNEpPaTYpPHbIE MaporeHepaTopbl, rasoTypbuHHbIe
oBUraTenu, OBUraTenu BHYTPeHHero CropaHus,
KocMU4yeckoe oGopyaoBaHue, AaepHas 3HepreTuKa, Manas 3HepreTMka

Cxema oxnaxgeHus CTeHKH

AeyxdasHoe oxn

PaKeTHEIE [OBUraTenu,

axpgeHwe MHKponpoueccopoB
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nEPCHEHTHBHbIE HanpaerneHud NoebIWLEHUA Qﬂgp\[g;*mﬁ;)gﬂlﬂﬁﬂﬂgltﬂ
- CosznaHve annapaToB ¢ 3KCTPeManbHO BbICOKOM YAeNbHOM NOBEPXHOCTLIO

MWKPOCTPYKTYPUPOBaHWE patodeil NOBEPXHOCTH
HaHoCTpYKTYPUPOBaHWE NOBEPXHOCTU PeakToOpoB/TennoobMeHHUNKOR

KayecTBeHHbIe U3MEHEeHHUA B MeTOOMKAX MOOeNIMpoOBaHNA HPOI.IECCOB!

1 &7 Rotating Micro-structured
fula e packed bad reactor
e —a—ll é

Static mixer/
E Pulsed plate exchanger
column

Spinning disc
reactor
‘Ini-nclnr
Loop reactor
Plate heat
axchanger

Stirred tank
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MUKPOPA3MEPHBIE CUCTEMbI U UX MPUMEHEHVE ‘e G|

GO( )SIC microchannels picture
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MpumeHeHue MUKPOCTPYKTYPHbIX CUCTEM B MPOMbILLNEHHOCTU

O KL

- oxnaxaeHuwe TernnoHanpsikeHHoro obopyaoBaHuA, TepMOoperynupoBaHne
= WHTErpUpPOBaHHbIE CUCTEMbBI NMONy4YeHNAa U NCNONb30OBaHNA BO4OpOAA

HedTe- razonobbiva, TpaHcnopT U nepepaboTka
- OMADKeHWe NpUPOAHOro rasa
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MuKpoXuL
- MUKpOpReaKTopbl, ynpaenswue cuctemsl, NpuHTepsl, lab on chip
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MUKPOKAHAJTBHLIE TENNTOOBEMEHHUKA

J KoMnakTHble TennoooMeHHUKH
J Wcnaputenu u MMKponaporeHeparopsl
J KonpgeHcaTtopbl Ha OCHOBe MMHUKAHANOB

J MukpokaHanbHble CUCTEMbl OXNaXaeHUs
u Tepmocraﬁun U3auum

TonnnBHLIN 3NeMeHT w

ﬂpﬂmoe oxnaxpgeHue npouyeccopos

[Taporeneparop, TeNI080 M
norox a0 340 W em?

Ldzj tec
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OOHOW M3 OCHOBHLIX MPWYMH, cAepXKUBAKOIMUX Pa3pPaboTKy BbICOKO3(h(heKTUBHBIX
annapatoB OGonblWOW NPOU3BOAMTENILHOCTU C PeKOpAHbLIMM XapaKTepUCTUKAMM no
yOoenbHOW TMNOBEPXHOCTH, ABNSAeTCA OTCYTCTBME HadeXHbIX MeTodoB pacyeTta
TenJaoMaccoo6MeHa B CNIOXKHbLIX KaHaNbHbIX CUCTeMaX M3-32 HeJOCTATOYHO U3YYeHHOro
B3auMoZeCTBUA NpoLeccoB Ha MaKpo-MUKpPO- U HaHOMacLITabax

1. MHoromacwTabHasa rMapoAMHaMUKA W TennoMaccoobMeH Npu  rasoXuaKOCTHOM
TeYeHUM B MUKPOCTPYKTYPHBIX annaparax

2. MeToabl pacyeTa TennootMmeHa npu azoBbIX Nepexoaax B AByXdasHbIX KOMMNaKTHbIX
TennoobMeHHbIX annapaTtax A9 OXUXEHUS MPUPOLHOro rasa

3. Pusndeckme MexaHM3Mbl TennoobMeHa WU Kprsnca Tennootaadn npu CbaQOBbIX
nepexojgax B MMKPOKaHalnbHbIX U MUKPOCTRYMHbIX CUCTEMAx OTBoAA Tenna

4.  3aKkOHOMEPHOCTN (PUINKO-XUMWUYECKMX MNPEeBpaLleHnn B MWUKPO- M HaHOPa3MepPHbIX
CUCTeMax U HOBble MOAXOAbl K pa3paboTke MUKPOKAHAMNbHBIX PeakTOpOB BOAOPOLHOM
SHEPreTUKN U CUCTEM NOMYYEHUS XKULKOTO CUHTETMYECKOro ToNnMBa

¢c ¢ dz Is;tc;dzOlscfadzOW-cf g

1 dzj oG § I
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CTPYKTYPUPOBAHHbIE TEN/IOMACCOOEMEHHBIE AMMAPATbI B KPUOTEHHOW
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- -cHEp

Mass —
Transter Vapor Liguid
Film Film
Enargy
Transter Liquid

VE, 1 L[_.

¥E Xp
L = Liquid entering stream  xp = Liguid mole fraction in entering stream
Ly = Ligquid kraving straam xp = Liguisd moba fraction in eaving stream
T = Tarmifsd fatung ¥e = Vapor mols fracton in anlaning sirsam

Vi = WVapor entering stream ) = Vapor mole fraction in lsaving stream
'I.-"" = Vapor leaving stream

Cxema npouecca pasaeneHns BUHapHo cmecun

B ocHoBe paboTbl KPWOreHHbIX YCTAHOBOK pasfeneHua  Bo3dyxa NexuT  MeToq
HW3KOTEMNepaTypHOU pekTudurkaymn, BasnpyloWwuinca Ha pasHOCTW TeMnepaTyp KUNeHud
KOMMOHEHTOB CMECH U Pasznn4MM COCTABOB HaXoAALMXCA B PABHOBECHMW MUAKUX W NapoBbIX
cmMmecen

copdz IsjtedzOIsd o dzOwY d

Ldzj tec
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Pacuer pasgeneHmna OMHapHOW CMecH

dr’

r ALY
- e = j*:.— - L ;"n,-'JL
@ _ NE B dVH" g
dz ‘ d=
dl'l; i ALH*
_ =N -2
d: ' d=

N, — nonHoe Yucno monen, Ny — YUCNo Moneil NerkoneTyyero KOMNoHeHTa

. ¥

MoTokn Ha mexdasHOW NOBEPXHOCTH

gy + N H! + NVHY +q, + NFHL + NIHE =0

NY + NE=ON" +NE=0 NV = @ﬂ.,‘; (F) -1, )+ TNV

eI el =_
Fo=oT'p) X/ =(p-p)/pi-pD. Y =pX//p

KosupHuieHT MaccooTasm F =20 W 0.0 Re™ 4 0.0009 Re"E §p16

B Ta30B0il Ky 1 AHAKOT Ky dazax 1= 20,200, ﬁ“AH_'J&” 0009Rey Sc;

copdz IsjtedzOIsd o dzOwY d

Ldzj tec
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TennoobMeHHUKU AnA pasaeneHna nu OXXKnXeHusa rasoB

AP-X™ LNG Process
Source: AP

*.-'.11 B DID DN

M

Prewtos aten:

AN S

pees ]
i Ll 11118

[T

YcnoBue 3Heproac¢peKTMBHOCTU: BbICOKUI TENJIOBOW NOTOK NpU MaJioM
TeMrnepaTypHOM Hanope, YTo AOCTUraeTcs NpMMeHeHneM MMHUKaHaNoB

Ldzj tec
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METOAbI PACHETA TEYEHWA W TENNOMACCOOEMEHA B MHKPGKAHN‘IAX

BeigenawoTcA Teyenue B YNy KadHana (KpUBW3Ha NOBEPXHOCTW NOCTOAHHA) W NMNEHoYHoe
TeysHWe, NonyJYeHHble pelleHWa clUWBAKTCA NO NMHWA conpsxeHud. Maneii napametp - € =
Spla<<1 (5; — HaYansLHaA TONWMHA NNeHin)
1

£y

divl =0 R I‘,-fi

Vp, +vViU+G =0

7 ={u v. w), G = (2,00)
I e
Yenoeua Ha MexdhasHon noBepxHocTH 2=5(x.y): W=1 E-H A
pL—Py +Ok+p, =menn. p,=A2A,(675) pegTn, =y e tn, =

i

% - HanpAKeHUe TPeHWA, &, — TeH3op ckopocTei Aedhopmayui

MeToa Volume of Fluid ';—: +@-PVa=0 .

(o o\ o[ o e N
at J ax_]' axi ax_f ﬁ ax} x* FI gI - }i n m ¢ ¢ =
ft,[ = = F(ﬁ} sV = py- (1—a)+ P Cxema onpeaeseHnA rpaHiLL! paamena

|Val
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PacyeTbl nokanebHsbIX KoadghuyneHToB TENNOOOMeHa ANA
HcnapeHWAa U KOHOeHcauuu thpeoHa R-21

o I Henapenne, X=0.5 '!' Ik Eounencaipu, X=0.6

L1
as i E

qy,. KW/Im?
= Yy, KWim?

£, mm E,mm
Wcnapenue Konpexcauus

PacnpeneneHWe NokaneHoro TeNNoBoro NoToka B4 onNke NepuMeTpa kaHana 6.5x1.05 mm?®
NpHM MaccoBoi ckopocTM G=50 krimZc U HayanbHOM NapocogepxaHun 0.4,
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