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VOAO «Munckuii agmomobunbhwiii 3a600»

OreHKa TEIUIOOTAAYH B CUCTEME TEIJIOCHA0XKEHHsI UMEET NMPUHLUIINAIBHOE
3HAUYCHHUE. YUUTHIBAs BEPOSATHOE PACIIONIOKEHHE OTOMUTENBHBIX MPUOOPOB Ha
00beKTax, paboTaIOMINX B YCIOBUSAX YPE3BBIYAHONW CUTYyalMH (IIOJIEBO rocu-
tanb) [1], BeIOOp moOBepxHOCTH TermmooOMeHa (puc. 1) HOIDKEH BBITONHATHCS
no ¢opMyiaM, OTPaKalOIIUM BEPOSTHOCTHYIO (CIIydailHyI0) €€ OpHEHTALHIO
(puc. 2). B [1] u nanHo# crarbe Takue Gopmyisl npuBojstcs. OnHAKO UX pea-
JM3anys NPH OLEHKE OCHOBHBIX XapaKTEPUCTHUK CUCTEMBI TEIJIOCHAOXKEHUS
KpaiiHe 3aTpyJHeHa H3-3a MHOT000pa3us BAPHAHTOB.

Puc. 1. O61muit BUa OTOMUTEIBHOTO pHUdOpa

CnyuaitHoe pacrojiokeHue (pHcC. 2) OTONMUTENbHBIX MPUOOPOB Ha 00OTpe-
BaeMOM O0BEKTE MPEAOTPEICICHO BPEMEHEM pa3BepThIBAHUS 00beKTa B pado-
4yee COCTOsSHHUE (Ui MPOBEACHHS OJHOM OIEepalid OHO COCTaBIISET HE Oojee
YeTBEPTH Jaca — 15 MuH).

Jlns pacdera TEMIOOTAaYM OT BEPTHUKAIBHOU MOBEPXHOCTH OTOMUTEIHHOTO
npubopa (¢ = 0°) mpu 1700 < (Gr - Pr) < 10° [2] MOXHO HCIIONIB30BATh KpHUTE-

pHUalbHOE ypaBHEHHUE
0,25

Nu =0,55(Gr - Pr)
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Puc. 2. Bo3MOXXHOE PacIoIOKeHHEe OTONUTENFHOTO IIproopa
Ha oborpeBaeMoM 00bEKTe

P o
CpenHss TemnepaTypa Ha HOBEPXHOCTH OTOIHMTENILHOrO pubopa t = 82 °C.

Pesynprarer pacueToB A IEPBOTO OMBITA (BEPTHKANbHAS IIETh) MPEACTaB-

JIeHBI B Ta0. 1.
Tabnuya 1
Pe3yabTaThl pacyera (BepTHUKaJIbHAas 11eJb)

ty, °C 833 | 830 | 822 | 820 | 820 | 816 | 815 | 811 | 80,9 | 80,6
IgNu 1,083 | 1,082 | 1,081 | 1,078 | 1,078 | 1,077 | 1,077 | 1,075 | 1,074 | 1,073
Ig(Gr-Pr) | 5,370 | 5,366 | 5,363 | 5,352 | 5,352 | 5,346 | 5,345 | 5,339 | 5,336 | 5,331

Toukwu, sBIAIONIKECS PE3yJLTATOM 00pPaOOTKU JaHHBIX, PAKTHYECKH YKJIa-
IBIBAIOTCS Ha TPAMYI0 JMHHAIO (puc. 3). 3amumieM MaTeMaTHYecKd ypaBHe-

HUE ISl JIMHWW, COOTBETCTBYIONIEH 3HAYEHHSM IPOW3BEACHUS Ig(Gr . Pr) =
=5,331-5,370. Torna
lgNu =a, +a,1g(Gr-Pr). )

Omnpenenenne kKo3hOUIMESHTOB dg, @1 TPU HEU3BECTHBIX BBHITIOJHUM TI0 Me-
TOYy HAMMEHBIINX KBaApaToB [3]

> (lgNu, —Ig Nu)? => (lgNu, —a,-a, Ig(Gr-Pr))z.

OueBuaHO, 4TO JeBas yacTh (1) 3aBUCUT OT KOI(PHULIUEHTOB g 1 &;. s Mu-
HUMH3AIUN CYMMBI HE0OXOJMMO, YTOOBI €€ YacTHBIE MPOU3BOJHBIC MO Mapa-
MeTpaMm 8o ¥ a; ObUIM paBHBI HYJIO:

%Z('g Nu, —IgNu)* =23 (IgNu, - a, - & Ig(Gr-Pr)) = 0;
2)
%Z(Ig Nu, —Ig Nu)2 =-2Y (IgNu, —a, —a, Ig(Gr-Pr))lg(Gr - Pr)=0.
U3 (2) 3amuiiem:

aN +a > Ig(Gr-Pr)=>"IgNu ;
8, Ig(Gr-Pr)+a > Ig(Gr-Pr)’ =>"(lg(Gr-Pr)-IgNu,, ),

rae N = 10 — o01ee yuciio JaHHBIX.

3)
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Bemmuunsr IgNu, u Ig(Gr . Pr) OTCUHTBIBAIOTCA OT UX CPEAHMX 3HAYCHUM

IgNu u Ig(Gr . Pr) . Torma

a,N +a12[lg(Gr-Pr)— Ig(Gr-Pr)J =Z(IgNuX —W);
aOZ[Ig(Gr-Pr)—lg(Gr-Pr)}+a12[lg(6r-Pr)—lg(Gr-Pr)T: (4)
=Z[Ig(Gr-Pr)—lg(Gr-Pr)J—(lgNuX ~IgNu))

Pemras cucremy ypaHenuit (4) B MathCad 15, Haxomum ko3¢ uiueHTs
TPU HEU3BECTHBIX:
a, =—0,287; a, =0,255 (5)

U noacTasisieM B (1)

lg Nu =-0,287+0,255-1g(Gr - Pr).

B oxoHuaTeNbHOM BHJE pacueTHOE KPUTEpHUAIbHOE YpaBHEHHUE 3aIUILIETCS
(¢ =0°)

0,255

Nu =0,516(Gr - Pr) (6)

Bripaxkenue (6) 1mo3BosiieT MPOU3BOANUTH pacyeThl MHTEHCHBHOCTH TEILIO-
0o0MEHa B YCJIOBHUSIX €CTECTBEHHOW KOHBEKIMH B OTPaHUYEHHOM MPOCTPAHCTBE
(BepTHKaJbHAS ILENb IPU €€ BEPOITHOCTHON OpUEHTAIHHN).

Jnst oOpallleHHbIX BHM3 HarpeThIX IMOBEPXHOCTEH B KaUECTBE XapPaKTEPHOTO
pasmepa HCIIONb3yeTCs] OTHOIIEHHE IJIOLIAAN IPEoLiel MOBEPXHOCTH K ee Iie-
pumetpy [2]:

0,48-0,30

F_ 088030 _g49,,
I 2(0,48+0,30)

rae F — mmomans rpetoreit mosepxuocty; I1 — ee mepumertp (puc. 1).
Ipu pacuere TEMIOOTAAYM OT HAKIIOHHON MOBEPXHOCTH MCIOJIB3yeTcs (op-
MyJIa, KoTopas crpasetisa mpu 10° < Gr < 10° n 0° < ¢ < 90° [2]

Nu =0, 48(1”205“’}&'02.

3anuireM ypaBHEHHE IS JIMHHWH, COOTBETCTBYIOIEH 3HaueHumsMm IgCr =
=7,886-8,014. Torma

IgNu=a,+a,lgGr. @)
OnpenenseM K03 PUIMESHTHI TPU HEU3BECTHBIX:

3N +a, > 1gGr=>"IgNu,;

3, Y 1gGr+a, » 1gGr? =>(IgGr-IgNu, ), ®

roe N = 10.
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3nauenust IgNu, u IgGr orcumteiBaroTcs OT MX cpeanux 3HadeHnit IgNu

u Igﬁ Torpa
aON+a12[IgGr—IgE]:Z(IgNuX —W);

2 [ 19Gr ~19GT |+, Y[ 1gGr ~1gGr | = ©
= Z[IgGr —Igﬁ]—(lgNux —W)

Pemas cucremy ypauenuii (9) (mpu ¢ = 15°) B MathCad 15, nonyuaem kpu-
TEepUAIBbHOE YPaBHEHNE B OKOHYATECIILHOM BH/IE

Nu = 0,467Gr%?, (10)

1 opreHTaH OTONMTENEHOTO prudopa (puc. 2) mpu ¢ ot 30° mo 75° mo-
Jy4eHO:

mpu ¢ = 30°: Nu = 0,478Gr%" :
npr ¢ = 45°: Nu = 0,402Gr%; (11)
pu ¢ = 60°: Nu = 0,366Gr"";
npu ¢ = 75°: Nu = 0,296Gr>**,

OneITEl ¢ TOPU3OHTANBHOM wHienbio ¢ = 90° mpoBogwnuchk panee. Kpure-

pualbHOE YpaBHEHHE Nu =0, 236(Gr . Pr)0’251 .

Ecau cpaBuuts (7), (10) u (11) ¢ Nu, =0,68 + 0,513(Ra . COS(p)O'25 nipu Pr =

= 0,7 [4], TO MOXHO TONYYUTh MTOTOBYIO (POPMYIy, YUHTHIBAIOUIYIO Pa3HbIC
TIOJIOXKEHUST OTOMUTEIBHOTO MPUOOopa

Nu=0,5(1+0205(Pj(6r-Pr)0’25 o Nuzo,s(“p—;(‘”J(Gr.Pr)o'ZS, (12)

Il Po (q)) — IUNTIOTHOCTH paclpesie]IeHus BEepOATHOCTEH.

CpaBHEHHE TTOTYUYEHHBIX 3HAUYCHUH € YK€ HMCIOIIMMHUCS JTaHHBIMU [S5] mipea-
CTaBIJIEHO Ha pUC. 3, a TaKXke B TaoI. 2, 3.

100
Nu, +9=0°
n (= 15°
m 2 AQ= 30°
10 — x @ =45°
s *@ = 60°
*p=75°
+o=90°
1]
100000 1000000 Gr 10000000

Puc. 3. Tpaduueckoe npezacrasinenue pesynbraTos onbitoB (NU = f(¢; Gr))
[IPY CITy9aifHOM PACIIONOKEHHH OTOIMTEIBHOTO Iprbopa
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Tabnuya 2
JKcnepuMeHTA/IbLHbIE TaHHbIE

| & |&8 50

s | 5 2P |28 Temnepat 2%
g g 5 |§¢g paTypa B pa3HBIX TOUKaX MOBEPXHOCTU s
g = 5 = & = OTOIHUTEINILHOTO Npubopa, °C = =
S| E| B8 |58, SE
SN Ha |EES o=
110 61 53 |83,3/83,0(828| 82 | 82 (81,6/81,5/81,1/80,9|80,6| 81,88
2|15 58 48 83,5(83,3|82,5(82,1|80,7|80,3/79,9(79,8(78,7(77,0( 80,78
31|30 55 43 183,0|83,0(82,3|82,0(81,4|81,3|79,8|78,8|77,3|76,9| 80,58
4| 45 54 42 183,0(83,8(82,5|83,1|80,7|81,3|78,5(78,8| 76 |76,6| 80,43
60 56 44 184,0(83,3|82,8|83,0{80,6(82,4(79,5(83,8|752(74,0( 80,86
6|75 58 47 183,7|83,8/82,1|83,2|81,2|81,3[79,9| 79 786|784 | 81,12

Tabnuya 3
Pesyabtarel onbiToB (NU = f(@; Gr))
NPH CIy4aiiHOM PACIO/I0KeHUH OTONUTEILHOI0 Ipudopa
¢=0° ¢=15° ¢ =30° ¢ =45° ¢ =60° ¢ ="75° ¢ =90°

Gr-10°| Nu |Gr-10% Nu |Gr-10% Nu |Gr-10°| Nu |Gr-10° Nu |Gr-10° Nu |Gr-10% Nu

3,391 (11,002 15,69 [15,856( 17,86 [15,548| 18,71 [14,393| 17,62 [12,457| 15,81 [10,172 2,557 5,129
3,359 [10,976) 15,57 [15,826( 17,86 [15,548| 19,21 [14,487| 17,2 (12,381 15,87 [10,182 3,571[5,576,
3,337 (10,959 15,1 [15,704 17,43 [15,454 18,4 [14,333| 16,9 [12,326| 14,86 [10,016 3,806 5,666,
3,252 (10,888 14,86 [15,642| 17,24 [15,413| 18,78 [14,405( 17,02 [12,348| 15,51 [10,124 4,156 [5,791]
3,252 10,888 14,03 (15,418 16,88 | 15,33 | 17,29 [14,111] 15,56 12,075 14,32 | 9,924 | 4,732 5,982
3,209 (10,851 13,79 15,352, 16,81 [15,316| 17,66 [14,186| 16,66 [12,282| 14,38 | 9,935 4,156 5,791,
3,198 (10,842 13,55 [15,284) 15,89 [15,102| 15,91 [13,822( 14,89 [11,942| 13,55 | 9,787 3,689 5,621,
3,155 [10,806) 13,49 [15,268] 15,27 [14,952 16,1 13,862 17,5 (12,435 13,01 9,688|2,8585,274
3,133 [10,787/ 12,83 [15,077| 14,34 [14,719| 14,34 [13,467| 12,24 (11,372 12,77 | 9,643| 2,858 5,274
3,101 (10,759 11,8 [14,767 14,09 [14,655| 14,72 [13,555 11,5 (11,195 12,65 | 9,62 |2,375(5,036

Hcnonb3ys Teopuio cliy4alHbIX BEIUUYUH [6], B COOTBETCTBUU C puc. 4, ecnu
CYMTATh BEIMUYMHY MPOCKLIHUH X PAaBHOBO3MOXHOU Ha otpeske [0, |], To yrom @
SIBJISIETCS. HEMPEPHIBHOM cllyuaiiHOM BenuunHOW @, KOTOpas BbIpa)kaeTcs uepes
PaBHOMEPHO paclpeleIeHHYIO CITyYaiHy 0 BeMHIHHY X POeKIuH 1o Gopmyrie

. X
b= arcsml— .

Haiinem ¢yHxnmio pacnpenenenus U MIOTHOCTb PacHpeAeeHUs] BEpOIATHO-
CTel ATOM Clly4allHOW BEIMYMHBI, YUUTHIBAsI, UTO COydailHas BeIHYMHA X UMEET
(GYHKLUIO pacripeesieHus

Xe[O,I].

Fx(x)zli,
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Xz_-__

X1

0 X

Puc. 4. BoamoxHOe ciTydaifHOE pacrooKeHHE OTOMUTEIBHOTO prbopa:
(¢ — YroJl MEXXIy IPOJOJIBHBIM CEYCHHEM OTOMHUTEIBHOTO MPUOOPa M BEPTUKAIBHOW CTEHKOI;
| — quHA ceyeHus; X — MPOEKIMS CEYCHUS HA TOPU30HTAIb

Torna

Fq,((p):P((D<(p)=P(X <|sin(p); Fq,((p)zsin(p, @e[o,ﬂ,

OyHKIMS pacTpelesieHus SBISETCS IePBOOOPA3HON IS INIOTHOCTH pacipe-

JeJIEHUs] BEPOATHOCTEH pg, ((p) , IO3TOMY

Po ((p) =C0SQ, ¢ E‘:O,g}.

PaccunTaeM OCHOBHEBIE YHCIIOBBIC XapaKTePUCTUKH ciaydaiiHoro yria @ [6].
1. Maremarnueckoe oxumanue (CpeaHee 3HAUCHHUE CITy4JaifHOTo yria) ompe-
nensieM 1o popmyie

(pcoscpd(ng—l.

ot—na

M(®)=+f@p¢(<p)dcp=

Takum o6pa3zom, eclii MHOTOKpaTHO OpocaThb OTOMUTENBHBIA MPUOOpP, TO
CpeaHee 3HaYCHHUE yrIiia () COCTaBUT

M(®@)=—=1~32,7°.

N a

2. ﬂI/ICHepCI/IIO " CpeaHEC KBAAPATUYHOC OTKIOHCHUC CJ'Iy‘IafIHOFO yria o1m-

peneIsieM U3 BhIPAXKEHUN
2
I
((p—(z—lj) cosedp=m—3.
e CpeJiHee KBaIpaTUYHOE OTKIIOHEHUE:!

e JIMCIICPCHUS:
o(®)=./D(®) =vn-3 ~21,6°

+00

D(®)= [ (0-M(®)) po (0)do=

—00

ot—n3
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3HAYUT, TIPH MHOTOKPATHOM ITOBTOPCHHH SKCIIEPUMEHTA CIIy4alHbBIH yroJ
OTKJIOHSICTCS B CPEIHEM KBaJpaTHIHOM Ha 21,6° OT cpeHero 3HaueHus.
3. Menuana ciiydaifHOTO yriia npeJcTaBiiseT CO00H yroi @y TaKou, 4To

P(q)<(pm)=P((D2(pm).

CJ'IGI[OBaTeJ'H:HO, JUIA HaXOKACHUS MCIUAHBI HYKHO PCIIUTD YPABHCHUC

B paCCManI/IBaeMOM cnyqae MBI HpI/IXOILI/IM K BLIpa)KeHI/II-O
sin L
o=—,
2
KOpHeM KOTOpOFO SABIIACTCA yFOJI
T
o
¢, =—=30°.
6

B wuTore, moBTOpsIsi MHOTO pa3 AAHHBIM SKCIEPUMEHT, MOKHO HaOI0IaTh,
YTO B CPEAHEM 3HAUCHHE YTJIa (0 He OyIeT mpeBbImaTh 30°.

BbIB O bl

1. BhIMosHEeH aHAN3 TEI000OMEHA B OTOMUTENBHOM CHCTEME OBICTPOTO pea-
TUPOBAHMS HAa TEMIIEPATypy HAPYKHOTO BO31IyXa, O0NaIaroIield UCKIIOYUTEIIhb-
HO¥ MOOMJILHOCTHIO.

2. Tloka3aHo Hauboyiee BEPOSATHOE TMOJIOKEHHE OTOMUTEILHBIX MPUOOPOB
CHUCTEMbI OTOIICHHSI MOOMJIBHOTO 00BEKTA ¥ 3alkMcana pacueTHas hopMmyJia Jis
OTICHKH TerurooTnadu (12).
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