IIpakTHYeckoe 3aHATHE
PACYET IMPOLLECCOB TEILVIOOTAAYH
(pemMTH 3aJ1aHKE, CM. KOHTPOJIbHYIO0)
1. O6iue cenenns

KOHBEKTHBHBIM Ha3bIBACTCSA TEIUIOOOMEH, OOYCIIOBICHHBIN
COBMECTHBIM JIEHCTBUEM KOHBEKIIUM M TEIUIOMPOBOIHOCTH.

Temnoormaueli Ha3bIBaeTCd KOHBEKTHBHBIM  TEIUIOOOMEH,
MPOUCXO TSN

— MEXIY TEIUIOHOCUTEIIEM M OMBIBAEMOW MOBEPXHOCTHIO
(TBEpIBIM TEJIOM, CTEHKOM);

— MEXK1Y TEINIOHOCUTEIIEM U KUJIKOCTBIO, Ta30M.

B TemnorexHuke ir000H TEIUIOHOCUTEIb B JKHIKOM WU
ra3000pa3HOM COCTOSTHUHM HA3BIBAIOT OJHUM CJIOBOM — JKHIKOCTb.

Tenmosoii OTOK D, repeaaBacMblid KOHBEKIIHEH,
onpenensercs 1o 3akony Herorona-Puxmana:

D=0 A4=0"(tc—tg) F, Br/m’ (1)

e & — Kod(dumment Terrooraayn, Br/(m*K);
tc u tx — COOTBETCTBEHHO TeMIIepaTypa MOBEPXHOCTH (CTEHKH) U
skuakoctd, °C umn K;
F — II0IIa1b MOBEPXHOCTH TEITOOOMEHa, M,

['maBHas TpyAHOCTb pacyeTa Mo ypaBHeHHIO (1) 3akitoyaercs B

OTpefieNieHuu Koagguyuenma menioomoauyu &, 3aBUCALIETO OT
Heno  psaga  ¢GakTopoB: (U3MUECKHX CBOWCTB  OMBIBAIOIICH
MOBEPXHOCTh KHJKOCTH (IDIOTHOCTH, BSI3KOCTH TEIIOEMKOCTH,
TEIUIONPOBOAHOCTH, MPHUPOABI  BO3HUKHOBEHHS U  CKOPOCTH
JBUKCHUS Cpeibl, POPMBI U Pa3MEPOB TTOBEPXHOCTH

KosdpdunumenT X — BenuuuHA CIIOXKHasE U €€ HEBO3MOXKHO
OINPEACIUTh TEOPETUUECKUM IYTEM. DTO CBSI3aHO CO 3HAYMTEIIBHBIM



BIMSHUEM Ha KOHBEKTUBHBIA  TEIJIOOOMEH  (menioomoauy)
JBWDKEHUS KUIKOCTH, KOTOpPOE IOApa3eNsieTcss Ha c80000HOe U
svinyoicoeHnoe.  CBOOOIHOE  NIBIDKEHUE  Cpelbl  MPOUCXOIUT
BCJICJICTBME PA3HOCTU TUIOTHOCTEH HArpeThiX M XOJIOAHBIX 00HEMOB
KUJKOCTU, HAXOASILEHCS B TPAaBUTALIIOHHOM I10JIE.

CBOOOJIHOE [IBJKEHME HAa3bIBalOT TaKXKE ecmecmeeHHou
KOH8eKyueti, OHO 3aBUCUT OT POJa KUJIKOCTH, Pa3HOCTU TEMIIEpaTyp
1 00beMa MPOCTPAHCTBA, B KOTOPOM IPOHUCXOIUT MPOIIECC.

By aeHHOe JBH)KEHUE Cpelbl BO3HHMKAET MOJ JEeWCTBUEM
nOCMOpoHHUX nobyoumenet (Hacoca, BEHTWISATOpa, Pa3HOCTH
JaBlIeHUM U T.1,). B oOmem ciayyae Hapsiny € BBIHYXJIEHHBIM
JIBUKEHHEM OJHOBPEMEHHO MOXXET pa3BUBAThbCA U CBOOOHOE.
OTHOCHUTEIBHOE BIUSHUE TMOCICAHETO TeM OOJbIIe, YeM OOJbIIIe
pa3HOCTh TeMIlepaTyp B OTAEIBHBIX TOUYKAX KHUAKOCTH U YEM
MEHBIIIE CKOPOCTh BBIHYXICHHOTO JBUKCHUSI.

JIBuKeHHE OSKUIKOCTH MOXET OBITb JIAMUHAPHBIM WU
mypoynrenmubim. llpu TaMUHAPHOM PEXKUME YACTHUIBI KUIAKOCTH
JIBUXKYTCS TIOCIOWHO, HE IMepeMellnBasich. TypOYJICHTHBINH pPexuM
XapaKTEepPU3yeTCsl HEMPEPHIBHBIM IEPEMEITUBAHUEM BCEX CJIOEB
xuakoctu. [Ipu mo06oM pexume IBUKEHHS YacTULBI KUIKOCTH,
HEIMOCPEICTBEHHO MPHJIETAIONNE K TTOBEPXHOCTH OMBIBAEMOTO Tella,
Kak Obl mpuiumnaioT K Heil. B pesynpraTte BOMM3M 0OTeKaeMoii
MOBEPXHOCTU BCJICICTBHE JCHCTBUS CHJI BS3KOCTH 0Opasyercs
TOHKHM CIION 3aTOPMOKEHHOMU JKUJKOCTH, B Ipeeaax KOTOPOTo CKO-
pPOCTh M3MEHSIETCS OT HyJa (HAa TOBEPXHOCTH Tela) A0 CKOPOCTH
HEBO3MYILIEHHOTO TOTOKa (BOaMM OT Tena). OTOT  CJOH
3aTOPMOKCHHOU KUJKOCTH TTOJTYYHIT Ha3BaHUE
2UOPOOUHAMUYECKO20 NOSPAHUUHO20 CIOSL.

Teopus 1 ONBITHI MOKA3BIBAIOT, YTO TEIUIOOTAA4a MPU TCUCHUU
KUJKOCTH B TpyOe€ HEOJWHAKoBa MO JJuHE. Y BX0Ja B TpPyoOy

KOX(PGUIIMEHT TEIUIo0Taa4r (X MMeeT MaKCMMajbHOE 3Ha4YeHHE, a
3areM yObIBaeT Ha "y4acTKe TEIUIOBOM cTaOmim3anuu" JUHOH |7

3a mpenenamu storo yvactka (I/d > 50) koadduuueHTr X He
M3MEHSIETCSL.



IIpn 1ramunapnom TEYEeHUM IKUIKOCTH BCTPEYAKOTCS JiBa
peXrMa HEM30TEPMUUECKOTO ABMXKEHUS: BA3KOCHHbIU Y 853KOCHO-
2pasumayuOHHbIU.

Bs3KOCTHBI  peXHUM  COOTBETCTBYET TEUYEHUIO  BA3KHUX
JKUJKOCTEH IIpU OTCYTCTBUU €CTECTBEHHOM KOHBeKLUU. IIpu sTom
peXUMe Tepeaya TeIUIOThl MEXly CTEHKaMU KaHaJla U KUJKOCTBIO
OCYILIECTBIISICTCS TOJIBKO TEIUIONPOBOJIHOCTBIO.

BSI3KOCTHO-TpPaBUTALIMOHHBIA PEXKUM HMMEET MECTO TOrJa,
KOrZla BBIHYXJCHHOE JBHKEHHE IKUIKOCTH COIPOBOXKIAETCA
€CTECTBEHHOW KOHBekuuen. [Ipu 3ToM pexknme Tennora nepegaercs
HE TOJIBKO TEIJIONPOBOJHOCTHIO, HO U KOHBEKILIUEH.

NHTEHCMBHOCTh TMEpPEHOCa TEIUIOTHI 3aBUCHT OT pPEXUMa
JIBUKEHHS KUAKOCTH B mMOrpaHudyHoM cioe. [lpu TypOyneHTHOM
MOTPAaHUYHOM  CJIO€  NIE€PEeHOC  TEIUIOThl B HAlNpaBICHUU
MEPIECHINKYISIPHOM JIBU>KEHUIO KUJKOCTH 00yCIIOBIIEH
TypOyJIeHTHBIM ee mepemernBaHueM. OHAKO HETMOCPEICTBEHHO Y
IIOBEPXHOCTH TEJI4, B JIAMMHAPHOM IIOJICIIOE, 4 TAK)KE B JJAMUHAPHOM
IIOTPAaHUYHOM CJIOE TEIUIOTa B YKa3aHHOM HAIIPaBJICHUU IIEPENACTCS
B OCHOBHOM TEIJIONIPOBOJHOCTBIO.

Ompenenenne kodduimenta & Bcerga Oasupyercs Ha
OKCIIEPUMEHTAIBHBIX JaHHBIX. OHAKO pe3yabTaThl OTACIBHBIX JKC-
HNEPUMEHTAIbHBIX UCCIIEIOBAHUH JOKHBI OBITH 00OOIEHBI C LIENbIO
pacrpoCTpaHeHHUsT Ha LEeIyl0 TpYNIy aHAJIOTUYHBIX WJIHM, Kak
IPUHITO TOBOPUTb, HOOOOHLIX SBIEHUN. YYe€HHE O TMOAOOHBIX
(bu3nUecKUX SBICHUIX Ha3bIBACTCA meopuell noooous.

[Ipy m3ydyeHHH KOHBEKTMBHOTO TEIIOOOMEHa (TEIrIO0TAAauM)
Yare BCEro MOIb3YIOTCS CIEAYIOMIMMU KPUTEPHSIMHU TO00HS:

1) Kpurepwuii Hyccensra (NU);

2) Kpurepuii Peiinonbca (Re);

3) Kpurepuii [Ipanaris (Pr);

4) Kputepwii I'pacroda (Gr).

2. ITopsiIOK BBITOJTHEHUS 3aJIaHUS

B rtemmooOMeHHOM ammapare MPOUCXOIUT KOHBEKTHUBHBIN
TEIUIOOOMEH MEXJy CTEHKOW KpYyriod TpyObl M JBIXKYIIEHCS
cpenou.



W3BeCTHBIMM ~ BEIMYMHAMHU  SIBISIIOTCS  Cieayromue  (CM.
npuinoxenue 1 u 2):

1. Tun cpenpl (TETUIOHOCUTEH )

2. CKOpOCTh JBHKEHHS Cpe/ibl (KUIKOCTH WIIU ra3a):
W= M/C;

3. Cpennsis TeMiepaTypa JIBHXKYILEHCS Cpeibl:
tk=__  °C;

4. CpenHsist TeMiepaTypa CTeHKH TPYOBbI:
te=__ °C;

5. lnametp TpyOBI:

d= M;
6. JlniHa TpyOBI:
I = M.

Ornpenenurs:
1) Kosdouimest TemnooTaayn OT CTEHKH TPyOBl K
JBHKYILEHCS Cpelie;

2) TToBepXHOCTHYIO TUIOTHOCTD TEIIOBOTO TIOTOKA.
Pemmenue

1. Onpenensiem xapakTep IBUKEHUS CpeJibl, AJIsl 3TOTO HailieM
grcio Peitronbca (Re,,):
W -d

Re, = 1)
v

HC

rac W - CKOPOCTHh ABUIKCHUA CPCIbI, M/C;

d — muamerp TpyOBI, M;
Ve — KHHEMaTHYeCKUH KOAI(DPHUIIMEHT BSA3KOCTU KUAKOCTU TPH
3a/IaHHOM TeMIiepaType cpeabl ti, M2/c (cM. mpmitoxkenue 6, 7, 8 u 9).
Ecnu Re,,. < 2000, To pexum TedueHus: OyaeT JaMUHAPHBIM,
eciu Re,,. = 2000... /0000 — pexum niepexoHbINH;



ecimu Re,,. > 10000 — pexuM TypOyJICeHTHBIH.

2. Onpenensiem kpurepuu [panaris (Pry) u (Prc):

\Y
a)Pr, =% 2
a}K
Vv
6) Pr,. =—< 3)
aC
rae Vx U dy — KUHEMaTWYeCKH KOI(P(GUIMEHT BSI3KOCTH H

KOA(pGUIMEHT TEMIEePaTypONPOBOAHOCTH XKUIAKOCTU MPHU 3alaHHOM
Temmeparype cpesl Uy, M2/c (cM. mpunokenue 6, 7, 8 u 9);

Ve # ac — KUHEMaTH4eCKHil KO3(PPHUIMEHT BI3KOCTH U
KOA(P(UIIMEHT TEeMIEePaTypOIPOBOAHOCTH KUIAKOCTU MPH 3alaHHOM
TEeMIepaType CTEHKU TPyOsl tc, M2/c (cm. mpunokenue 6, 7, 8 u 9).

3. Onpenensiem kputepuii I'pacroda (Grx).

.dd-
Gr,, 9% P . P (te —ty) (4)
V)K

e g = 9,8 M/c? — yeKOpeHHe CBOGOIHOTO [aICHHSE
Pre — KO3DPUIMEHT OOBEMHOT0 pPACHIMPEHUS KUIKOCTH MpU
3a/IaHHON TeMIiepaType cpeasl Uy, 1/K
Jst KuaKux TersioHocutenedt kodQpUuueHT f,, BRIOUparT u3
npuioxennit 8 u 9.
Jns  ra3000pa3HbIX TemjgoHOcUTeNned KodDPUUUEHT f,.
paccUuTHIBAIOT MO (hopMyJie:

Puc=7—1 UK (5)
rae T =ty + 273, K.

4. Onpenensiem uncio Panes (Ra):
Ra =Pry - Gry (6)



5. Onpenensiem kpurepuii Hyccensra (NU).
Ipu aamunaprom Bs3koctHOM pexkume (PriyxGry < 8:10°):

0,25
Nu=015-Re "*.pPr "*. ( Pro/c) o
‘ - Pr,

HpI/I JAAMUHAPHOM BA3BKOCTHO-TPABUTAIMUOHHOM PEXKUME
(Pry-Gry >8-10°):

0,25
Nu=015-Re, **.Pr_**.Gr *. [ Pr.. ] (8)
Pr

[Ipu nepexoonom pexume:
Nu=0,008-Re, - Pr, ** 9)
[pu mypoyrenmuom pexume:
P 0,25
Nu=0,021-Re ** . Pr °® e | ¢ (10)
Pr.
rie & — TONPaBOYHBIA KOA(P(MUIMEHT, YYUTHIBAIOIIMKCSA TMIPH
otnomenun 1/d<50 (cm. tabda. 3). Ecau 1/d>50, to g = 1.

Tabmuna 3. — 3Hauenne Ko HUIHEHTA & TIPU PA3THIHBIX
3HaueHusX Re,.s B 3aBucumoctu or |/d.

OtHoIeHne JUTHHBI TPYOBI K ee nuamerpy |/d
1 2 5 10 | 15 | 20 30 40 | 50

Reofcd

2:10°11,90| 1,70 | 1,44 | 1,28 {1,18| 1,13 | 1,05 | 1,02

1-104 11,65 1,50 | 1,34 | 1,23 |1,17| 1,13 | 1,07 | 1,03

2:10% (1,51 1,40 | 1,27 | 1,18 {1,13| 1,10 | 1,05 | 1,02

510*[1,34| 1,27 | 1,18 | 1,13 [1,10| 1,08 | 1,04 | 1,02

1-10° [1,28 | 1,22 | 1,15 | 1,10 {1,08| 1,06 | 1,03 | 1,02

Rl Rr|RPr|R|R

1-10° 1,14 | 1,11 | 1,08 | 1,05 {1,04| 1,03 | 1,02 | 1,01




6. Onpenensiem K03(pHUIMEHT TETIOOTIAYH:
Nu- 4
o = T}K Br/M*K (11)
rne Ax — KOIPPUIUEHT TEIUIONPOBOJAHOCTH IKHUIKOCTH IPHU
3amanHoi Temrieparype cpeasl Uy, BT/(MK) (cm. mpunoxenue 6, 7, 8
u9)
7. OmnpenensieM IOBEPXHOCTHYIO IIJIOTHOCTh  TEILJIOBOIO
MOTOKA!
2
q=o-(t. —t, ), Br/m (12)



