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ONSA aHanu3a TeMeHUU XXUAKoCcTen U rasos

Anekcen YukynaeB
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HTL, «AlNM» - Beaywmn paspabotumk MO ana nHXeHepHbIX pacyeToB
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APM FGA npegHasHadeH Ans aHanumsa KMHeMmaTu4yecKux, AMHaMU4YeCKUx, TensioBbiX, IHEPreTU4eCKMX U CUNoBbIX
XapaKTepUCTUK TeYeHUU XNUOKUX MU ra3oBbIX cpen Ha 6aze RANS ypaBHeHUN,
a Takxe Konn4yecTtBeHHOMU U Ka4eCTBEHHOM OLIeHKN UX BIIUSTHUA HA pa3rfiM4vHble NHXEHEePHO-TEXHNYECKNEe OO BLEKTbI

ruapaBnuyeckoe CUCTeMbl HarpeBa, OXnaXaeHus
obopyaoBaHue pa3niMyHoro NnpPUMeHeHue N BEHTUNALMU, B KOTOPbIX
Ha3HaYeHus, / \ XXUAOKOCTb UIU ra3 BbICTYNaloT B
B KOTOPbIX XUOKOCThb KayecTBe TensioHocuTenemn

BbICTynaeT B Ka4yecCcTBe

06beKTbl, KOTOpPble NoaBeprarTcs
BO3ENCTBUAM BETPOBbIX MOTOKOB




APM FGA co3paH Ha 6a3e cBA3aHHbIX MOAYJrIeN:

- APM Structure3D — KOHEYHO-3NeMEeHTHbIN peaakTop, MMeKLWM paclMpeHHbINn PyHKLMOHan
- APM Studio — reomeTpu4yeckumn penakrop

Kaxabin n3 moaynen Moxet BbINOSNHATbL PYHKLUU npenpoLleccopa, npoueccopa u

nocrtnpoueccopa
—HrcITeRABIT MEeTOA]
CBoucTBa TeYeHUM: OCHOBHbI€E
MEeToAKoHeYHLR—
- NJIOTHOCTb \ / ANeMeHTOR
- BA3KOCTb (byHKLI,VlOHa.anble sl | TUNbI 311eMEHTOB]
- yaenbHas TensI0eMKOCTb BO3MOXXHOCTM - 4-x y3noBoW TeTpaaap,
- TeNnonpoBOAHOCTb / - 5-1 y3noBas nupammaa,
- 6-u y3noBasi npusma,
FpaHU4YHbIE - 8-1 y3noBou rekcasgp,
ycnoBwusi:

- (bVIKTVIBHbIe AJIeMEeHTbI.

- CKOPOCTb .
- paBrieHue | :1:2::':: m NMpoueccbl TennoobmeHy:
e - nam HTHasA
- pacxon - TeNNonpoBOAHOCTb
- anrebpaunyeckasn - n3otepmmnyeckas /
- yckopenme KUHEeTU4YEeCKOW 3Heprum TepMuyeckas - KoHBekumA (apsekums,
- TYpOYNeHTHOCTb P P . BbIHY>XOEeHHas,
- Temnepartypa :Z::Z;::::""E'f "EE'?"EE']" (8 eAuHON cBoboaHasn)
- TennoBOMN NOTOK i B 6 - U3rly4YeHue
- TennoBas - CONPsKEHHBIN Te:gloo MeH - CMellaHHble
KOHBEKLIMS - OQHOCTOPOHHUMN
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conpsiXXeHHOro TenfoodbmMmeHa
U OQHOCTOPOHHero FSI
c nomouwbio APM FGA
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npouecchbl TenoooMeHa TepMUYECKMUX TeYEHUMN
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HenocpeacTtBeHHas
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nsnyyeHue

nepenava aHeprum
3M1eKTPOMarHUTHbLIMMU
BOJTHaMM

cMellaHHas

aaBeKuus BblHy)K,quHa;l cBobopaHan
nepeHoc 3Heprum Hanun4yue Aenucreume
nofem ckopocrten BHELUHUX HeOA4HOPOAHOro nons

UCTOYHUKOB MacCCoOBbIX CUn
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-

conpsaxeHHble NOCTaHOBKU 3aAa4

- dHaJIN3 COonpsAXeHHOoro TensoobmeHa

- ogHocTOpoHHUN aHanu3 FSI (One-Way Coupled Fluid Structure Interaction)

aHanu3 TeYyeHun

i

pe3ynbTaThl
aHanusa

A aap“a‘“

$

AgaBJrieHue

+

TeMnepartypa

2 BapumaHT

e

aHanu3 HOC

i

CTPYKTYpPHbIe
Harpyskm

- cuna B y3en
- AaBrieHUe Ha NOBEPXHOCTb conuaa Ui NNacTUuHy

+

- TeMnepaTypa B y3en
- TeMnepaTypa Ha conua
- TeMnepaTypa B y3es rpaHuubl




MoaenupoBaHue
oxnaxaeHus
3NIeKTPOHHOro yCTponcTBa
BO34AYLWHbLIM MOTOKOM

ConpsixeHHbIU TennoobmeH
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reomeTpunyeckKkas moaesib n rpaHnN4YHbIe ycnoBus

BXOA: CKOPOCTb

V =0.3 mlc TennoBou NOTOK
HF =0.3...1 B1/™m?

BbiXo4. AaBJieHue
P=0
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cBOMCTBa Bo3ayxa

CeolcTBD 3HadeHne
= ThotHoCOTE

3HaveHne[kr/m"3] |13
= Baskocrb

3HaueHue[Ma"c] |2e-ﬂ'5

= ¥nenbHan TENAOEMKOCTE

Snavenne] D (krk)] | 1000

= TennonposogHocTh

3nauennelBr/(MK)] 0022

K3 ceTka u chmsnyeckne ceonctea marepmanos

CBOMCTBa TeKCTonuTta

CEOWCTED | 3Ha4eHue

4YUCNO 3NIeMeHTOB Mmogenu ~ 15 MnH.

CBOMCTBa cTanu

CBOWCTED 3HaYeHNE

= ¥aensHas TENNOEMKOCTE

= ¥aenbHaa TENACEMKOCTE

—t

CBOMCTBa antoOMUHUA

CEORCTED 3Ha4eHne

= ¥penwHan TENAOEMKOCTE

E ZHadeHHe [/ K. . | 1200

[] Znauenve] /(K. .. | 462

SHadeHne] O (kr*E)] | q00

= TennonpoBogHOCTE

= TennonpoecpHocT

= TennonpoBogHOCTh

[ 3nauenmelBr/(m®... | 0.3

[] ZnaueHweBr/(m* |55

3nauerne[B/(°K)] | 200




VAT =

nons CKopocTeu

FLOW VELSUM[m/c]

0.6096
0.5715
0.5334
0.4953

0.4572
0.4191
0.381

0.3429
0.3048
0.2667

P L E

= gl
P

.*lhl'.h

£ P
0.1524
01143
00762

0.03581




2596.6
286.2

2849




MopaenupoBaHue
BOASIHOIO oXJaaeHus
nonatku TypouHsl I'TA4

ConpsixeHHbIU TennoobmeH
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NMNOCTAHOBKaA 3aAa4u

oxnaxaeHue fnonaTtok HavarnbHbIX rpaHu4YHbIe YCIIOBUA Ha BXoAe
cTyneHeun TypouHbl ' XMAKOCTLIO
. Ne TpyBru |[asnenwme, Ma |[Temnepatypa, K
ANS CHUWXXeHUA napamMmeTpoB Temnepartypa BHELUHEN CTEHKU N p— 225
Tepmuyeckoro HOC fionaTku
2 294 349
" T =568 K 3 268 340|
SaL im=m— N 4 304 342
et %— g 5 294 334
g LN .S
\,\ S 6 301 365
I \l’ 5 7 277 343
!i 3 562 365
i 9 220 409
1 10 324 453

AaBlrieHne Ha Bbixoae

CBOWCTBA XXNUAKOCTU P=0MNa a1

yucno anemMeHToB moagenu ~ 100 TbicC.

CEBOWCTED 3HaYEHNE

= MNnotHoCTE

IHaueHuwe[kr/m"3] |1UDU CBOMCTBA CTanu
= Baskocmb
3nauenme[[la*c] |U.Uﬂl CBORCTED 3HAYEHNE
= ¥YpenbHan TenncemKocTb = ¥penbnan TEnnoemMKocTh
SHauermel b/ (k)] | 4187 3ravennel b/ (krK)] | 462
= TennonposogHocTe = TennonpoeogHoCTe

SHaveHne[Br/(rm*K)] |U.E+ JHaueHne[Br/(m*K]] |55




MoaenunpoBaHue
obayBa 3g4aHuNA
BO3AYLUHbIM
NMOTOKOM

OoHocTOpPOHHUM FSI
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KO ceTka dhacapa

YUCII0 3NIeMeHTOB Mmoagenu ~ 1 MnH.
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Hecywuun Xb kapkac
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Nonsa CKopocTeun

, FLOW _VELSUM(m/c] | FLOW VELSUM[m/c]

Ha ypoBHe 50m Ha ypoBHe 10m
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JIMHUUN TOKa

noJsixaA CKoOpocTteu

BeKTOPHasA KapTa
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nond AaBneHuun

, FLOWY_PRES[Ma] , FLOW_PRES[Ma]

Ha ypoBHe 50m Ha ypoBHe 10Mm




pe3ynbTaT co3faHusA CTPYKTYPHOM
Harpysku gaBrieHusi Ha NNacTUHbI

HOC c yyeTtom noneun gaBrieHUn

HopmaneHoe AaBNeHMe Ha NNECTHHE! [HW2]

967 .1
g13.2
B59.3
a05.4
351.5
187,68
4371
-10.2

nore AaBfeHUMN HaA
K3 ceTke dhacana

USUM[m], USUM[m]
0.004595

0.00431

0.004023
0.003736
0.003448
0.003161

0.002574
0.002586
0.002299
0.002011
0.001724
0.001437
0.001149

0.000B621
0.00057 47
0.0002574
0

norse nepemMeLleHnn
HecyLlero Kapkaca




MopoenunpoBaHue Te4eHUU
BOoAbl U BO3AyXa
B Tens1I00o0MeHHOM
annapare

ConpsikeHHbIU TensIoooMeH + OA4HOCTOPOHHUN S|



W AMNM =

reomeTpunyeckKasa moaesib nh rpaHnN4HbiIe yCrioBuUsA

BXoA4 Bo3gyxa
BbIXo4 Bo3gyXxa

= *ap2
g, = 3 Kr/(c*m?) P=0Ma

T,=363K

<

BX0oA4 BoAbl

g, = 60 Kr/(c*m?)
T,=283K
BbIXo4 BoAbI
P=0TMa

<




N AMNM ZEn

ras
4YMUCIIO 3fIeMeHTOB MoAernu ~ 5 MIIH. (BO3.EIYX)

XNUOKOCTb
(BoAa)
TBepaoe Terno
(ctanb)

CBOMCTBA XWUAKOCTHU

CBOWCTBA rasa

Bﬂ! PacuetHan mogens ~ Eﬁ! PacuetHan mogens ~
EI@ Martepuans ’ o B@ Matepuane
ol ges uft : : CBOMCTBa TBepaoro tena o M oas
=@l Pacuetnan mopenn ” Et: )
Z0TpONHEIR MaTepuan
. i 23Tgeinanb| ..... el e 5
| - steel |
Caofcrso SnaveHnE @ VzoTponHend Matepuan Crofcien InaueHme
= MnaoTHocTe @ = MnoTHoCTk
F . water W
3HaueHne[kr/m" 3] |1.3 : 3naueHme[kr/m3] |99?
= BazkocTe = BaskocTb
InaveHne[Ma*c] |1.331e-'|]5 CeoWcTED 3HadeHne 3HaueHwme[MNa*c] |'D.DDDSB‘39
= ¥aenwHaa TENn0EMKOCTE = ¥YapeneHan TennoeMKOCTE = ¥YaenubHan TENNOEMKOCTE
SHauvenneJx/(K... |1OI}4.4 SHaueHme] T/ (k. . |452 SHavenne[Jx/ (k... |4'|51-7
= TennonpoeogHocTe =l TennonpoeoaHOCTE = TennonposogHoCTe
3naueHue[Br/(m* |55 SHaueHne[Br/(m* |'D.5D69

InauennelBr/(u* | 0.0261
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FLOW_PRES|Ma]
13.43

1251
"B
10.68
9.767
5.852
7.938
7.023
6.108
5.194
4.279
3.365
245
1.536
0.6209
-0.2937
-1.208
¥

A,

XNAOKOCTb

nons nasBrieHUu

FLOW_PRES]Ma]
1343

1234
1126
1018 TBepaoe Tesio
9.1
5.019
5.938
5857
4776
3694
2613
1532
0.4507
06305
1712
2793
3874

A,

FLOW_PRES[Ma)
1729

11.28
1027
9257
8247
723
6227
5217
4.207
3197
2187
1.176
0.1663

-0.8433
-1.654

-2.664

-3.674
)

A,




nons CKopocTeu

FLOW_VELSUM[M/c]
3.426

3212
2998
2784
287

2.356
2141
1.8927
1713
1.499
1.285
1.071
0.8565
0.6424
0.4283
02141

FLOW_VELSUM[m/c] “/L x

0.09155
(0.08582
0.0801
(0.07438
(0.0B5866
0.05294
(0.05722
(0.05149
0.04577
(0.04005
(0.03433
0.02861
(0.02289
0.01716
0.01144
0.005722

TBepaoe Terno

XNOKOCTb
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FLOW TEMP[K]
287.2

206.9
206.6
266.4
266.1
285.9
2856
285.3
285.1
.284 g
284.6
284.3
284
283.8
283.5
283.3
283

S,

FLOW_TEMP[K]
363

358
353
Mg
" aan
338
333
328
u 323
38
313
08
03
298
293
288
283

A,

XNAOKOCTb

[283.8436 FLOW_TEMPIK]]

nons Temneparyp

TBepgoe Teno

|283.0000 FLOW_TEMPIK]

358

353
348
343
338
333
328

313

FLOW TEMP[K]
3

I3

1362.9998 FLOW_TEMPIK]

ras

12933256 FLOW_TEMPIK]




USUM[m]

nepemMeLleHus

SYM[HM"2]
Se+l7

4.688e+07
4.375e+07
4.063e+07
3.75e+07
3.438e+07
3.125e+07
2.813e+07
2.5e+07
2.188e+07
1.675e+07
1.563e+07
1.25e+07
9.379e+06
6.254e+06
3.129e+06

4650

SKBUBaJieHTHbIe HanpsAXXeHUuA




Cnacunbo 3a sBHumaHumel!

KoMmnauua HTLU «AlNMM»
(Hay4YHO-TeXHUYEeCKUUN LeHTp)

MockoBckasa obnactb, r. Kopones
OkTa6pbckun 6ynbBap, A. 14, odbuc 6

Ten.: (495) 120-58-10
Internet: www. apm.ru
E-mail: com@apm.ru



