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BCTYII

B npomeci BuUBYEHHS CTyAE€HTaMH JucHuIIiHu «TemmomacooOMiH»
BaXJIUBUM € Haj0aHHI HHUMHU HaBUYOK TNPAKTUYHOTO 3aCTOCYBAHHS
OTPUMAaHUX 3HaHb Ta METOJIB JOCJIJKEHHS MPU PO3B SA3aHHI MPUKIATHUX
3a7a4 3 BUKOPUCTAHHSIM 00YHCIIOBAJIbHOT TEXHIKH.

[IpenctaBneHi HaBYaJbHO-METOJAUYHI pEKOMEHJAIli MICTITh YOTHUPHU
nabopatopHi poOOTH, MpU3HAYEH] Jid NpakTUYHOro BUKOHaHHs. KoxHa
nabopatopHa pobGora MICTHUTH Yy c001 BXiJHI TEOpPEeTHYHI BIJTOMOCTI 3
HEOOXIJHUMHU MOHITTSAMHM Ta BH3HaueHHsIMU. HaBemeHo mepeniku 3ajnad.
JlaGopatopuuM poboTamM BiAMOBIAaOTH TaOJUII BapiaHTIB, 3 AKHX
3M1MCHIOETHCS BHOIp MIYKAHUX BEJIMYUH Ta TNOYATKOBUX JaHUX JJIs
po3B’sA3Ky 3anad. @Di3WM4YH1 XapaKTePUCTUKU JOCHIJ)KYBAaHUX pPEYOBUH
HaBEJ€HO y JAOJaTKax.

HaBuanpHo-MeTOAMYHI pekoMeHAamii mpu3HadYeHl IS CTYIEHTIB, IO

HaBYaKOThCA 3a cneniaidbHicTIO 144 «TennoeHepreTuka.



JlabopaTopna podora Nel

Ilepenoc menna ¢ peopax

KoHIyKTUBHMI TEIJIOBUI MOTIK 4Yepe3 TBEpJY PEUYOBHHY YACTO BIJABOJIUTHCS BiJl
TBEPJOTO TiJIa 3a JOMOMOTOI0 KOHBEKIlii. OCKUIBKM KOHBEKTHBHUN TETUIOBUU TOTIK
NPOMOPLIMHUN TUIONII TMOBEPXHI, IHTEHCHUBHICTh PO3CIIOBaHHS TeIla 3 IOBEPXHI
MO>KJIMBO TTIBUIIUTH, 301TIBITYIOUH MOBEPXHIO. [le mocsaraeTrhcs 3a qomoMororo pedep.

Ha puc.1.1 HaBegeHo npocte npsiMe pedpo MOCTIMHOTO MOMEPEUHOro nepepizy A.
Terio  po3MOBCIOJKYETHCS  B3/IOBXK  TBEPJOTO  Marepiady peOpa  IUIIXOM
TETUIONMPOBITHOCTI Ta BIIBOJAUTHCS BiJ HOTO MOBEPXHI HABKOJMIIHBOK PIIUHOIO

IDIIXOM  KOHBeKIlil. Temmeparypa HaBKOJIHIIHBOTO CEPEAOBHINA 1, CepeaHiil

Koe(DiIieHT TeTIoBIAadl ¢ , MPUYOMY OOHJIBI 111 BEJIMUYUHU BBAKAIOTHCA MOCTIHHUMU.
Jlist Toro, mo0 3HAWTH PO3MOILT TEMIIEpaTypy B pedpi, a MOTIM 1 TEIJIOBHM MOTIK
BiJi 1Oro TMOBEpXHI, HEOOXITHO CHOYAaTKy CKJIacTH TEIJIOBUM OalaHc s

eJeMeHTapHoro 06’ eMy pedpa.
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Puc.1.1. PeGpo mocTiitHOro monepeyHoro nepepisy



B yMoBax, mo BCTaHOBWJIHCS, KOHIAYKTUBHHMM TEIUIOBHH IOTIK, MiABEACHUN 10
eleMeHTapHoro o0’eMy pebpa B mepepisi X (puc.l), HOpiBHIOE CyMi KOHJYKTHBHOT'O
TEIUIOBOTO IMOTOKY, IO BIABOAUTHCA 3 00°eMy B mepepiszi X+4X, Ta KOHBEKTHUBHOTO
TEIJIOBOTO MOTOKY, 110 BIIBOAUTHCS 3 MOBEPXHI €IEMEHTAPHOTO 00’ EMY:

Ox = Oxiax T
Bupaxaroun aBa KOHIYKTHMBHMX 4JIeHAa 3a JOMOMOror 3akoHa @Pyp’e, a

KOHBEKTHUBHUM YJIEH — 3a JOIOMOT 010 3aKOHY HbloTOHA, OTpUMaemo:

YL Y CLE

+ aPAX[T (X)-T_],
dx

X X+AX

ne A — koeilieHT TeIIoNPOBITHOCTI; P — nepumeTp peopa.

[TomimuB Bci wieHn Ha AX Ta TepexoAsdyw a0 Jimity mpu AX—0, maemo
nudepeHuiiHe piBHAHHS IPYTroro NOpsSAKY BITHOCHO TEMIIEPATYPHU:

d’T aP
— = —[T(x)-T_]=0.
dx AA (1)

PiBHsiHHA (1) MOXHa IPUBECTU 10 OE3PO3MIPHOTO BUIJISAY, BBOASUM O€3pO3MIpHY
temneparypy O(X) =[T(X)-T,]/(Tg —T,) Ta Ge3po3mipHy ITiHIiHY KOOpAHHATY
& =x/L, ne Tz — Temneparypa ocHoBu pedpa (X=0). B HOBuX mepeMiHHHUX PiBHSIHHS

(1) 3amucyeThC HACTYITHUM YHHOM:

2 2
0 ety

] @)
aPl?

be3po3mipHuii KoMIUIEKC MO>XHa CIIPOCTHUTH, MPHUBIBIIK HOro 10 (Gopmu,

o Haraaye uuciio Bi. JIoOyTok mepuMeTpa Ha JAOBKHHY JOPIBHIOE 3arajbHIN ILIOII
noBepxHi pebpa A; = PL . Taxum unnOM:

PL* AL

A A

ne A — mioma TOMEpedHoro mepepizy pedpa. Komrieke, mo BHpaKaeThCs

(3)

dbopmynow (3), Mae PO3MIPHICTh JOBKHHHU, Ta, OTKE, MOT0 MOXHA PO3IIISIATH SIK



2
XapaKTepHUi JiHIHHUK po3mip pedpa | = e Tenep MoxHa BUpa3UTH 0e3pO3MIpHUN

KOMIUJIEKC, 110 BXOJUTH J0 PIBHSHHA (2) y BUTJISAL:

aPl?
A A )

aHaJOrIYHO 4Yuciy bio, 10 3aCTOCOBYBAaBCS NpHU PO3B’SA3KY 3aJad CKIIAIHOTO

(KOHAYKTHBHOTO Ta KOHBEKTUBHOTO0) TeriooOMiny. OTxke, yucio bio mis pebpa mae

BUTI'JIAA:

_ad _aPl’?
A AA

[losiBa y Oynp-skuii ¢opmi yucna bio B 3amadi mpo nepeHoc Termsa B pedpi €

Bi (5)

MPUPOIHBOI0, OCKUIBKY B 1I1H 3a/1a4l CyMICHO JIIFOTh TETUIONPOBIIHICTh Ta KOHBEKIIIS.
be3posmipHe piBHSHHSA TepeHOCY Temia B pebOpi (2) Temep MOXKHA 3alucati,

BUKOPUCTOBYIOUYH 4nciio bio:

2
g—f - Big=0.
g ©)
Po3B’ 5130k piBHSAHHS (6) BUPAKAETHCS CITIBBITHOIICHHSIM:
(&) = cle_*@'g + cze_‘/ﬁg.
(7)

3HaueHHS JBOX IMOCTIMHUX 1HTErpyBaHHS MOKHA BU3HAYUTH, K TUIBKU OymyTh
3aBjaHi Bl TPAaHUYHUX YMOBH. YacTilie BChOTo BiJiloMa TeMrepaTypa OCHOBU pedpa Ts.
3anumieMo 1e y BUTJISA/I TPaHUYHOT YMOBH:

7(0)=T B (8)

Le criBBIAHOILIEHHS CIY>KUTh MEPIIOI0 TPAHUYHOIO YMOBOIO.

Mo>kMBI I€KiJIbKa BapiaHTIB APYTOi TPAaHUYHOT yMOBH. PO3riisiHeMO Tpy BUTIAAKH,
10 3yCTPI4ar0ThCs HaWYacTIIIIe.

Bunaodox 1. Jlyxe nosre pebpo, Take, 0 TeMIepaTypa Ha MOTro TOPII JOPIBHIOE

TeMITepaTypi HABKOJMIIIHBOTO CEPEIOBHINA;

T(L>0)=T,, 9)



abo 4(1) =0.
Bunaooxk 2. Pebpo 3 Ternnoizoas0BaHuM ToplieM npu X=L.:

dT

—| =0,
dx|,_,

(10)
do
dg

Bunaodox 3. Pebpo 3 KOHBEKTMBHUM BIJBEJICHHIM TeEIIa BijJl MOBEPXHI TOPI. Y

é=1

abo

LIbOMY BHUIQJIKy TPAaHWUYHA YMOBA Ma€ BUTJISA!

9 -
Xt (11)
_40 el gy
dél., 4

abo

BukopuctoByroun rpaHudHy yMoBY (8) Ta oJHy 3 rpaHuyHuX ymoB (9) — (11), Mu
OTPUMAEMO TPH PI3HUX PO3IMOALIM TEeMIIEpaTypu y peOpi MOCTIHHOTO MOIMEPEUYHOTO
nepepizy.

Sxmo posmodin TeMmmeparypu B peOpi BIIOMHI, MOXKHa 3HANUTH CyMapHUUN
TEIJIOBUM TOTIK, IO BIABOAMTHCS BiJ pebOpa. HalmpocTimmii crnocid 3HaWTH 1ei

TETJIOBUH TMOTIK — pO3paxyBaT KOHIYKTUBHHUM TETUIOBUH MOTIK KP13b OCHOBY pedpa:

dT AA do
dpes =] ==L To-T)Z
£=0

= (12)
ped dx |, _,
3HalieMo po3noaisl TeMIepaTypu y pedpi Ta TETUIOBUH MOTIK, 1O BIIBOJUTHCS BiJl

pebpa, mpu 3aBIaHHI KOXKHOI 3 TPhOX TPAHUYHUX YMOB.

Bunadox 1. Jlna peOpa HECKIHYEHHOI JOBXKMHU PO3MOJLI TeMIlepaTypu

BHU3HAYA€THCs BUPA30M:

r)-T, N

O(&) = _
O m )



JloBxrHa pedpa € HEBU3HAUCHOIO, TOMY 3pYYHIIlIe 3HAUTH PO3MOLI TEMIIEpATypH

1o X:
(TB _Too)
TerunoBmii MOTIK BUPAKAETHCS POPMYIIOHO:
05 = VaPIA(TE ~T,,) = \/_’IA(rB ~T,)- (14)
Bunaook 2. JIns peOpa 3 TEII01307b0BAHUM TOPLIEM PO3MOJLT TEMIEPaTypyu Mae
BUTJISI
T(&)-T, chl(Bi)Y?@-
o) = TO-T. _cE)*a-9] 5
T,-T, ch(Bi)

a TETUIOBUM MOTIK BiJl peOpa BU3HAYAETHCS CIIBBIIHOIICHHSIM:

1/2 A4

Qpeg = (B = (T, =T L )th(Bi)'2. (16)

Bunaoox 3. Jlns pebOpa 3 KOHBEKTHBHOIO TEILIOBIJIAYCI0 HA TOBEPXHI TOPIIA

O30T TEMIIEPATYPH BUPAKAETHCS (POPMYIIOIO:

T(£)-T, _ch[(Bi)"?*(1-&)]+(Bi)"*(A/PL)sh[(Bi)"'*(1-&)]

A(&) = = , (17
() T -T, ch(Bi)"'? + (Bi)"2(A/ PL)sh(Bi)"'2 an
a TETJIOBUM MOTIK BU3HAYAETHCSA HACTYITHUM CITIBBITHOIIICHHSIM:
A sh(Bi)Y'? + (Bi)*2(A/ PL)ch(Bi)*?
qpeg (Bl)l/Z (I- T ) ( ) ( ) ( ) ( ) (18)

ch(Bi)"'2 + (Bi)*?(A/ PL)sh(Bi)"?

3a0aua 1. PeOpo i3 3amaHoro Matepiany (AMB. BXiIHI JaHi) 3 KPyIJIUM
HoTNepevyHuM Tiepepizom Mae miamerp d, m Ta goBxkuHy L, m. PeOpo BcTaHOBIIEHO Ha

crinmi, Temmeparypa, sikoi T., K. Temmeparypa orouyrodoro cepenosuma 323 K,

xoedilicHT KOHBEKTUBHOI TemnoBinnadi /0 Bm/m? K. Topeup pebpa TEMI0i30150BAHO.
3HaliTH: a) TEIUIOBUU TOTIK Bijf MOBEpPXHI pedpa; 0) TemmepaTypy Topus pebdpa; B)
TEIUIOBUM MOTIK BijJ MOBEPXHI, 10 3aliHATa OCHOBOIO pebpa, sikOu 1e pedpo Oyio

BIJICYTHE; T) TEIUJIOBHM MOTIK, KWW BIJIA€ T€ X caMe pedpo, SIKIo MaTepian pedpa



3aMIHUTH TIMOTETUYHUM MaTepialoM 3 HECKIHYEHHO BEJIMKUM KOe(IIiEHTOM
TETUIONPOBITHOCTI.
Ilopsaook po3paxyHky.
CrnioyaTKy po3paxyeMo XapaKTepUCTUKH pedpa:
A=mR*,P=2R=m;

_aPl?
A

a) pO3MOAUT TeMIepaTypd B pedOpi Ta TEIUIOBHHA TMOTIK BiJl HOro IMOBEPXHI

Bi

3HAXOJIUTUMEMO BITIOBIIHO 3a opmysiamu (15) ta (16).

T(£)-T, _chl(Bi)'*-)]

0(5) =

T =T ch(Bi)*'?
0,5 = (Bi)? %(Tg T, )th(Bi)'2.
0) TemriepaTypa Topus pedpa JopiBHIOE Temneparypi npu & = 1:
chQ
) =——~;
() ch(Bi)*?

T(L) =T, +0Q)(T, -T.).

B) SIKIIIO MPHUITYCTUTHU, 10 KOE(IIIEHT KOHBEKTUBHOI TEIIOBIAa4l BiJl MOBEPXHI
CTIHKM TaKui, SIK BIiJ IMOBEpXHI pebpa, TO TEIUIOBHM MOTIK BiJ CTIHKH 0Oe3 pebpa
BU3HAYAETHCS HACTYITHUM YHHOM:

q=aA(T, -T.).

r) SKI0 KOe(IlIeHT TEeIIONPOBIAHOCTI MyXKe BeIUKUM, TO yucio bio Oyne
nparHyTd 710 Hydas. KOHIyKTMBHMI TEpMIYHMI OMip AOPIBHIOBATHME HYJIIO, 1 BCS
nmoBepxHs pebpa Oyne MaTH TMOCTIHHY TeMIlepaTypy, SKa JOPIBHIOE TemIeparypi
oCHOBH. TernoBuii MOTIK BiJ] TAKOTO 1€ IbHOTO pedpa JOPiBHIOE:

0 = oAs (T, = T,,).
As =LP=Lxd

Ileit imeanbHUM TEIJIOBHHM ITOTIK € MAKCHMAaJIbHO MOJKIIMBAM IIOTOKOM, IIO

B1JIBOJIUTHCSA BiJ pedpa 3a1anoi hopmH.

10



Bxinni nani 1o 3agaui 1

No Mamepian pedopa d, m L, m T,K
1 HeprKaBiro4a CTajlb 0,02 0,1
2 YHUCTE 31130 0,01 0,15
3 cipuii 4aByH 0,015 0,13 573
4 BYyIJICIIEBA CTAJIb 0,25 0,1
5 XpPOMOBA CTajlh 0,03 0,12
6 XPOMOHIKEeJIeBa CTajlh 0,02 0,13
7 HeprKaBiro4a CTajlb 0,01 0,15
8 YHUCTE 31130 0,015 0,1 550
9 cipuii 4aByH 0,25 0,15
10 BYTJICIIEBA CTAJIb 0,03 0,09
11 XpPOMOBA CTallb 0,02 0,1
12 XPOMOHIKEeJIeBa CTajlh 0,01 0,15
13 HEeprKaBitoya CTab 0,015 0,18 530
14 YHUCTE 31130 0,25 0,12
15 cipuii 4YaByH 0,03 0,13
16 BYyTJICIICBA CTAJb 0,02 0,1
17 XpOMOBA CTallb 0,01 0,15
18 XPOMOHIKEJIeBa CTaJIb 0,015 0,18 560
19 HEeprKaBitoya CTab 0,25 0,09
20 YHUCTE 31130 0,03 0,1

Koeghiyienm egpexmusnocmi pebpa
3py4YHHM TapaMeTPOM JJI pO3paxyHKY TEIJIOBOTO MOTOKY BiJ pedpa € koeirieHT
edextuBHOCTI pedpa. KoedimieHT epekTUBHOCTI peOpa BU3HAYAETHCS SK BiTHOIICHHS

TEIJIOBOTO TIOTOKY BiJ pedpa 0 TEIIOBOTO MOTOKY BiJ 11€aIbHOTO pebpa:

11
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Qo

Ineanbre pedpo po3citoe MaKCUMaIbHY KUTBKICTh TEIlIa TpH 3aAaHuXx (Gopmi pedpa

d (19)

Ta TeMmIepaTypi HOro OCHOBH. IyieanbHe peOpo Mae HECKIHUCHHO BETUKHI KOe]illieHT
TETUIONPOBITHOCTI, 1, OTXKE, TeMrepaTypa Horo mMoBEpXHi MO BCiH JIOBXKHUHI MOCTIHHA 1
JOPIBHIOE TeMIlepaTypi ocHOBU. PeanbHe Ta ineanbHe pedpa MalOTh OJHAKOBY (opMy
Ta OJHAKOBY TEMIIEpaTypy OCHOBH. TeIjioBHWiA TOTIK BiJ igeaJbHOTO pebpa
0, = 0As (T . -T,), ne As — mnoma moBepxHi peOpa, 110 OMHUBAETBCSA PIIUHONIO 3

TeMIeparypor T .

TeruoBuii MOTIK Bl peaibHOTO pedpa BUPAXKAETHCS CITIBBITHOIICHHSM:
q, =n0ds(T, = T,). (20)
3apa3 MOXJIMBO 3HAWUTH KOHKPETHI BUpa3H JyIs KoedilieHTa e(heKTUBHOCTI pedpa.
Hanpukinazn, koedinieHT e(peKTUBHOCTI pedpa 3 MOCTIMHUM IONEPEYHUM IEepepi3oM 1
TEIUI0130JIbOBAHUM TOPIIEM BU3HAYAETHCS HACTYITHUM YHHOM:

q, (Bi)"*(AA/L)(T, —T,)th(Bi)"'?
Qi - aPL(T, -T,)

, (21)

1 \1/2
360 = —th Bl .
n (Bi)l/Z ( )

I'padik 3anexnocTi (21) npeacrasieHo Ha puc.1.2.

n

1
0,8

0,6 \
0,4 \

0,2 \

O T T T T 1
0 5 10 15 20 25 Bl

Puc.1.2. KoedimieHT epexkTHBHOCTI pedpa MOCTIHHOTO MOMEPEYHOTO MepePi3zy
12



3 rpadiky BUIHO, 1O KoedilieHT e(EeKTUBHOCTI IIBUJKO 3HMXKYETHCS 13
3poctaHHaM yucia bio. Pedpo 3 6ibmmm yuciaom bio poscitoe Termo ripiie, Hixk pedpo
3 MeHmuM guciioM bio. SIkmo koedimieHT edeKTHBHOCTI pebpa mManmii, To WMOBIpHA
CUTYyalllsl, KOJU TOBEpXHs Oe3 pedpa Bijjae TEIUIO 1HTEHCHUBHIIIE, HIK TOBEPXHS 3
pebpom. Ile cmimye 3 Toro, mo uucio bio BU3HA4Yae BiHOIICHHS KOHIYKTHBHOTO
TEPMIYHOTO OMOpPY J0 KOHBEKTHBHOTO TepMmiuHoro omopy. [lpm Bumomy uwmcai bio
KOHJYKTUBHUN TEPMIYHUN OIIpP BEJIMKHUI MO BIJHOIICHHIO O KOHBEKTHUBHOTO, 1 TOMY
TeMIlepaTypa iCTOTHO 3HUXKYETHCS B3JOBXK pedpa. SAkmio uucio bio mocTtaTHRO Benmuke,
TO IUIONIA, siKa 0 Morjia eeKTUBHO BiJJIaBaTH TEIUIO KOHBEKIII€I0, 3aiiHATa peOpoM 3
HU3BKOIO TEIUIONPOBITHICTIO, Ta y MIJICYMKY HasBHICTh peOpa BUKIUKAE 3HUKCHHS
TEIJIOB11a41 B1J CTIHKH.

Jiist pebep HeoOXiaHO 0OUpaTH BUCOKOTEIUIONPOBIAHI MaTepiaiu, OTKe, MeTaJeBl
pebpa MawTh TiepeBary HajJ pedpamMu 13 TEIUIOBOJSIIIMHUX MaTepiamiB. Ko
Koe(illleHT KOHBEKTUBHOI TEIUIOBI1aul BeIuKuii, urciio bio 3pocTtae Ta pedpa He ayxKe
e(eKTUBHO IIJICUIIOIOTh TEIUIOBIAady. SKio y cepenoBuill Mae Mmiciie (a3oBHil
nepexis K pe3ynbTaT KUIIHHS a00 KOHJEeHcallli, KOeIi€HT TEIUIOBIAayl CTaE JAyxkKe
BenukuM. OTxe, mpu (Pa3oBOMYy IMEpPEXol Y HABKOJUIIHHOMY CEPEIOBUII IHCHO
MOXJIMBA CUTYallisl, KOJIU peOpo Oy/ie 3HIKYBATH TEIJIOBIAAYy BiJ] TUIOCKOT CTIHKH.

Ha puc.1.2 HaBeneHo 3HaueHHA KoedilieHTa €(PEeKTUBHOCTI pedpa MOCTIMHOTO
MIONIEPEYHOTO Tepepi3y, KOJIM TOpelb pedpa Termioi30jb0BaHo. HaBeneHy 3alIeKHICTD Y
Jeno Moau(iKOBAaHOMY BUTJISIZII MOKIIMBO 3aCTOCOBYBATH JJis peOpa 3 TEIIOBIIIa4YetO
Ha TOPIIEBI TOBEpXHi. TemIOBUH TOTIK B TOPIEBOi MMOBEPXHI MOXKIUBO
KOMIIEHCYBaTH, (IKTUBHO TMOJOBXKYIOUM peOpo. BennumHa npupocty HOBXKWMHU pedpa
MMOBUHHA OOMPATHUCS TAaKUM YUHOM, 00 TEIUIOBHM MOTIK BiJ] TOpIsl AOPIBHIOBaB Ou
TEIJIOBOMY TMTOTOKY 3 IOAATKOBOIO TTOBEPXHEIO pedpa MpH TEIII0130Jb0BAHOMY TOPIII.

PexoMeHyeThcss oOupaTd J0AATKOBY JOBXKHHY, IO JOPIBHIOE BiJHOIICHHIO
IJIONI TOIMEPEYHOro Imepepizy pedpa a0 Horo mepumerpa. Y I[bOMY BHUIAIKY

CKOpUTOBaHa JOBXHMHA pebOpa L. ska HeoOximHa Isi TOro, moO 3aT0BOJIBHSATH

C

. . A
I'PaHUYHY YMOBY TEIUIOiI30JIbOBAHOTO TOpI, AopiBHIOE L. =L + B [Toxubka Takoro

13



HaOJMKEHOTO IMIJIXOAY, IIOB’S3aHOTO 3 TOJIOBXKEHHSAM pedpa s KOMIEeHcallii

: . 1
TeruIoBifaui 3 Horo Topiy, MeHma 3a 1%, sxmo (ot/A)? <=, ne t — ToBumHa

pebpa.

Ha puc.1.3 ta 1.4 nHaBeneHo 3Ha4YeHHA Koe(ilieHTa €PEKTUBHOCTI AJIS JIEAKHX

IHIIIMX THUIIIB pedep.

B

08
0,6
0,4

0,2

é ;1 Eli ;3 1|o \/ 2012
At

Puc.1.3. KoedirienT epekTuBHOCTI pedpa TPUKYTHOTO MPODLITIO

0,8

0,6

0,4

0,2

L — nosxxuna pebdpa; t — mmpuna pedpa 61151 OCHOBU

—P;]p']_

N —

Pap3
e P 04

0,5 1 1,5 2 2,5 3 3,5
L3/ 2, O \1/2
e ()
AA

p

1-06./0=1,2-r,/1=2;3-10,./=3;4- 1/, =4;5-1,. /1, =5

Puc. 1.4. KoedimieHT epeKTUBHOCTI KUJIBIIEBOTO pedpa MPSIMOKYTHOTO TIPOD1IEo
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3aoaua 2. 3HaiiTh TEMJIOBUN MOTIK BiJ IpsIMOKyTHOro pedpa (puc.l.5). Topeup
pebpa He TEII0i30Jb0BAaHO, KOE(IIIEHT TEIUIONMPOBIAHOCTI Marepiany pebpa

A=150 Bm/m'K. Temmeparypa ocHoBH pebOpa T,, K, TemmepaTypa HaBKOIHIIHBOTO
cepenosumia [, K, Koe(illieHT KOHBEKTHBHOI TEIUIOBiJmadli Big pebpa 10

HABKOJIMIIHLOTO cepenosuma o, Bm/m? K.

a, T,

0,02 m

0’ 2y O, 4 um

W

<
Puc.1.5. Cxema po3paxyHKoOBOi 001acTi 10 3a1a4i 2

Ilopsaooxk po3paxyHky.

Busnauaemo ckopuroBaHy JOBXKHUHY peOpa, M0 BpaxoOBY€ TEIIOBIIAAYy 3 HOTO

TOPIIS:
A
L.=L+—, m
P
Uucno bio, po3paxoBaHe 3a 11€10 CKOPEKTOBAHOIO JOBXKUHOIO pedpa, TOPIBHIOE:
2
. aPL
Bi = <,
AA

a IUIOIIa TTOBEpXHi pedpa noBxkuHOI0 L. ckianae:

As =L P, s
3HaxoauMo koediieHT eekTuBHOCTI pedpa 77 (3 puc.1.2).
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Po3paxoByeMo TerioBUiA MOTIK:

q = UaAS (Te _Too)l Bm.

Bxinni gaui n10 3agaui 2

No T.,K 1., K a, Bm/m*K
1 373 293 20
2 25
3 30
4 35
5 40
6 383 300 45
7 20
8 25
9 370 290 30
10 35
11 40
12 45
13 20
14 378 303 25
15 30
16 35
17 40
18 45
19 375 295 25
20 35

3aoaua 3. Ha wmigHoMy TpyOOmpoBOJl, MO SIKOMY TE€Y€ piJAMHA, BCTAHOBJICHO
amoMiHieBe KibiieBe pedpo (A=200 Bm/m-K). 30BHilIHi# giametp TpyOomnposoay di, M,
temnepatypa piaunu T, K, ToimunHa pedpa t=0,005 m, 30BHImIHIN giameTp pedpa dy, m.
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Temneparypa HaBKOJUIIHBOTO cepenoBumia 7., K, KOe]illieHT KOHBEKTHBHOI
Terosinnayi o, Bm/w? K. 3HaliTH TeMnoBUii NOTIK Bij pebpa.
BBakaeTscs, 1m0 TeMmmeparypa OCHOBH peOpa MOpIBHIOE TeMIEpaTypi piAUHU

BCEpEeIMHI TPYOONpPOBOAY, OCKUIBKM Tepemnaj TeMIlepaTyp Ha MIAHIA CTIHII €

HE3HAYHHM.
t
[
[ M A
4 L
¢
t, T, ] F3
AN
F]
_ e B ..
PPTITTTITITITII TS TTITITDL AN
]
]
1
]
1
"]
Puc. 1.6. Po3paxyHkoBa cxema A0 3aaadi 3
Ilopsaooxk po3paxyHky.

CkopuroBaHa JoBXHMHa peOpa, L0 BpaxoBye TEIUIOBIAayy 3 MOro TOpIA,

JIOPIBHIOE:
t
L.=L+—-,m
[Tmoma monepedHoro nepepisy:
_ 2
A, =L, m”.
H 312, & \1/2 - ,
aCTYIHHAM KPOKOM 3HaXOAMMO KOMILIeKe L, (/17) , & TAKOJK BiTHOIIICHHS:
p
N _ n+ L
I I

[Ticyist yoro 3Haxoaumo koedimieHT eheKTUBHOCTI pedpa 3a puc.1.4.

TeruoBwmii MOTIK Big pedpa po3paxoBYETHCS HACTYITHUM YHHOM:
17



q, =nads (T, -T,) =na2z(rf, —2)(T, - T,).

Bxinni xaui 10 3agaui 3

No T, K T.,K a, Bm/m*-K di, m do, m
1 523 373 40 0,08 0,16
2 0,07
3 0,06
4 0,09
5 0,1
6 500 350 60 0,08 0,18
7 0,07
8 550 370 50 0,06 0,2
9 0,09
10 0,1
11 485 350 70 0,08
12 0,07
13 0,06 0,22
14 0,09
15 0,1
16 543 363 80 0,08 0,23
17 0,07
18 0,06
19 0,09
20 0,1
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3aoaui 013 camocmiitHo20 p0o36’°A3aHHA

1. Ha miu moctaBWiIM KacTpyJio 3 METaly 3 TEIUIONPOBIIHICTIO A=35 Bm/m'K,
3aBBUIIKA (,3 M Ta 3 TOBIUHOIO CTiHKH 0,002 m. B KacTpym Kum’sTATh BOIY,
BiJICTaHb MIXK BOJOIO Ta KpaeM Kactpysi L=0,/5 m. KoediiieHT KOHBEKTHBHOI
TEIUIOBiAaadi Big KacTpyi g0 nositps a=300 Bm/u? K. Cepenns TemMneparypa
MOBITPST BCEpPEeAMHI Ta 30BHI KacTpyii T».=343 K. Po3paxyBatu TemriepaTypy
Kparo KacTpyii.

2. Migne peGpo kpyrioro nepepizy miomero 0,25-10* m?, nosxunoro L=2,5 u,
BCTAHOBJIEHE Ha CTiHmi 3 Ttemneparyporo 7.=25 O9C. Temmeparypa
HAaBKOJMIIIHLOTO  cepefoBumia 1,=283 K, KoedllieHT KOHBEKTHBHOI
terosignaui a=35 Bm/u*K, xoedinient temmonposigHocti A=83 Bm/mK.
PospaxyBaTi TeIJIOBMH TOTIK Ta TeMIlepaTypy TOpms pedpa sl JIBOX
BUIIAJIKIB: a) TOPEIlb TEII0130JIbOBaHO; 0) Ha MOBEPXHI TOPIS BiIOYBAETHCS
KOHBEKTHBHA TEIJIOB1/1/1aya.

3. OIHOUMIIHAPOBUN JBUTYH KOCApKHU 3 TMOBITPSHUM OXOJIOJDKEHHSM MPAIO€ B
CTaIliOHAPHUX yMOBaX. TemIiepaTypa IWIIHAPY HE TIOBHMHHA TEPEBUIIYBATH
573 K. Jlns oXxonomKeHHs nepeadadeHl YaByHHI1 KuiblieBl peOpa. 30BHILIHIN
JiaMeTp HWIHAPY ABUTYHa OCHOBM peOpa D=0,32 m. [IBuryH mpaioe y
nmoBiTpi 3 Temmeparypor 7.,=310 K, koedimieHT TerioBijmadi Ha OIYHHUX
OBEPXHAX Ta HA TOpLi pedpa =12 Bm/m*K. Po3paxyBaTH TEIUIOBHI HOTIK Bif
OJIHOTO pelpa Ta BU3HAUUTU YUCIO pedep, sike HeoOXigHE ISl OXOJOKEHHS
JBUTYHA TOTYXHICTIO Q=3 xBm, 10 3a1aHOi TeMIepaTypH, SIKIIO KOEHIIEHT
kopucHoi mii aBuryHa 30%, a 3a momomororw pebdep BimBoauThesi 50% BCHOTO
TeIyia, 10 BUAULIEThCA ABUTYHOM. Jlani nis pebpa: nmosxkuna L=0.05 wm,

toBiuHA t=0,01 M, KOehIIEHT TETIONPOBITHOCTI A=52 Bm/m K.
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Jlaboparopna podora Ne2

Koneexmuenuii menniooomin npu meuii ¢ mpyoax ma KaHaiax

B mpakTtuvHHX 3a7a4ax 4acTo HeOOXiAHO BU3HAYATH 3MiHY TEMIIEpaTypH MpH Teuil
PIIVMHYU B KaHAJII 3 BU3HAYCHOIO MBUJIKICTIO 13 BUBHAYEHUMHU TEMIIepaTypaMHy PiIUHU Ha
BXOJI1 Ta CTIHKM KaHauya. J[yisa Tedii B TpyOi HoBXHMHOIO L Ta mpu TeMreparypi CTiHKHA T

TETUIOBUM MOTIK J0 PIIMHU MOKHA 3aIllUCATH Y BUTJIS/IL:

D2
d. =¢pPVep 4 (Te2 —Tea), 1)

ne T, ta T, € cepegHiMH TeMIlepaTypaMHu IO TMepepidy abo TeMIieparypamu
MepeMilllyBaHHsI BIAMOBIIHO Ha BXOJl Ta Ha BHUXOAI. SIKIIO BHKOPUCTOBYBATH
Koe(IllieHT TEIUIOBIAIaYl, TO TEIUIOBUH MOTIK Ha eJlieMeHTapHili qoxuHi dX (puc.2.1)
OyJie MOB’S3aHUN 31 3MIHOIO CEPEIHHOMACOBOI TEMIIEPATypH, a TaKOX 3 PI3HHIICIO
TEMIIEpaTyp CTIHKH [s Ta CEpeIHbOMACOBOI TEMIEPATYPOIO PIOIUHU Tg(x) Ha WA

JUJISTHII HACTYITHOO 3aJIC)KHICTIO:

4 |
i
11, c, / :
—_— |
Hanpaw meuii :
!
— ]
TBI “Cir” ng
L

Puc. 2.1. Cxema TenoBoro 0anaHCy Mpu Teuii B TpyoOi
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Toni cepenniii koedimieHT TeEIUIOBIAAAYl TpU Tedii PIAMHM B KaHaIl MOXKHA
HpPeACTaBUTH Y BUTJIISIL

q. = oA(Ts _TB)Cp’ (3)

ne A — 3arajbHa TUIONIMHA TIOBEPXHI KOHTAaKTy 3 TEIUIONEepEAaBaIbHOIO
noBepxHer. Sk Ts, Tak 1 Tg MOXYTh 3MIHIOBATHCS 1O JOBXHHI TPyOHW, TOMY JIJIst
NPaKTUYHOTO BHUKOPHUCTAaHHA PIiBHAHHA (3) TMOTpiOHO MaTH 3py4YHUH Mpolec

OCEpEeTHEHHS TeMITepaTypHu.

Typbynenmna meuis 6 mpybax ma KaHauiax
ExcniepuMeHTanpH1 JaH1 Ipy TypOyJIEHTHIM Tedil piAMH B TOBT1i TPpyOl, 10 MAaIOTh

yucina [Ipanarns Big 0,5 1o 100, y3aranbHIOIOTHCS 3a1€XKHICTIO:

Nuy = 0.023Re}’ Pro*, (4)
V,,D
NuD:@, Rep, =%, pr=".
A v a

B it ¢popmyni Bci (i3WyHI BIIACTUBOCTI piIMHUA TpebOa OpaTH MpU Tak 3BaHIA
Temmepatypi I ¢, [0 € cepeaHbOAPH(IMETHYHOIO BETUYHHOO IS TEMIIEPATYPH CTIHKH

Ta CepeIHbOMACOBOI TEMIIEPATyPH PIIUHMU:
_ Tg+Tg
Tf = —2 .CP , (5)

ne 1T, €,y CBOIO YEPry, CEPEAHBOAPU(PMETHUHOIO BEJIMYMHOIO I TEMIEPATYPHU

PIIMHU Ha BXO/II Ta BUXO/II:

8,6X 8,6UX
TB,Cp = > )

HeoOximHicTh BHKOPUCTOBYBATH CEPENHIO TEMIEPATYPY TMOSCHIOETHCS 3MiHOIO

(13UYHKMX BIACTUBOCTEH PIIMHU B PE3YJIbTaTl TEIIOOOMIHY.
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B i"nmomy Meroai BpaxyBaHHSA 3MiHU (DI3UYHUX BJIACTHBOCTEM pPEKOMEHIOBaHA
HacTynmHa (opmyrna anms oriHku unciaa HyccenmbTa mpu BUMYIIEHWH Tedil piaWHU Y

JIOBIOMY KaHaJi:

0.14

Nup = 0.027 Re%8 pro®3| £8 | (6)
Hs

1€ U — KoeIIieHT AMHAMIYHOI B’SI3KOCTI MpPU CEPEeIHBOMACOBIA TeMmIeparypl

Tp

,Cp:

T — 6,6X 6,6UX
B,c ’
P 2
1€ (s — KOepIUIeHT AMHAMIYHOI B sI3KOCTI Ipu Temneparypi Tg. Bel iHmm ¢iznyni
BJIACTUBOCTI PIAMHA MAKOTh OyTH BU3HAYCHI IpH T ..

PiBusiaHS (4) Ta (6) 3aCTOCOBYIOTHCS JI0 TTOBHICTIO PO3BUHYTOI TypOYJIEHTHOI Teuli
B TpyOax. Takox iX MOJHa 3aCTOCOBYBATH JI0 MOBHICTIO PO3BUHYTOI Teuli B KaHalax 3
1HIIOI0 (OpMOIO MOMEpPEeYyHOro Imepepizy, ajae y LbOMY BHUMOAAKY HEOOXI1IHO
BUKOPUCTOBYBATH €KBIBAJICHTHUHN J1aMeETp.

B Oaratbox mpakTUYHUX 3ajadax TpyOM Ta KaHaJIM HEJOCTAaTHbO JIOBTI, II00
J0CSTajoch TMOBHICTIO pO3BHHYTa Teuisd. PopMmyrna, 00 MICTUTh NONPAaBOYHUI

KOoe(DiIIeHT, 110 BPaXOBY€E HASIBHICTh BX1JHOI, 00 MOYaTKOBO1 AUISHKH, MA€ BUTIIAL:

D, 005

08 p,0.33

Nup =0.036Re° Pr TH , (7)
L

(cnpaBemmBa npu 10 < —— < 400),
Dn

ne L — nomxunHa TpyOu, Dy — exBiBameHTHHI agiamerp kanamy. ®Di3uuni

BJIACTMBOCTI B HaBEJICHUX BHUIIE PIBHSIHHSX CJIi OpaTu pu BU3HAYAIBHIN TeMIepaTypi,

10 PO3paxoOBYEThCA 3a hopmyioro (5).
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Jlaminapua meuisn 6 mpyboax ma Kamanax

Koedimient TemmoBiamayul mpu JaMiHapHIM Tedii B TpyOax Ta KaHajax Mpu

D :
Re Pr m > 10 moske OyTH BU3HAYCHHMIA 32 EMITIPUIHOIO (hOPMYIIOIO:

0.14

Nug, =1.86(Re, Pr)°®(2yom| He | 8)
L Hs

y sKiM BCl (I3MYHI BJIACTUBOCTI NPUHUMAIOTBCS 32 CEPEIHHOMACOBOIO

temnepaTtyporo 7,.,, a U1 BpaXxyBaHHs BIUIMBY 3MIHHM TeMIeEpaTypH Ha B’SI3KICTh

0.14
Hs

Hsg

BBOJIUTHCS EMITIPUYHUN TTOMPABOYHUN KOSDIIIEHT

B pinuHax 3 miIBULICHHSM TEMIEpaTypu B’SI3KICTb 3HUXKYEThCS, a B Ta3ax
niaBuIyeThes. [Ipu HarpiBaHH1 piauHa, IO 3HAXOJIUTHCA OIS CTIHKM, MA€ MEHIY
B’S3KICTh, HK piuHa B 1eHTpl. ToMy, MIBUAKICTh HArpiToOi piAvHU Oyje Oibina, HiX
HEHAarpiToi Mpu THX K€ CaMHUX HIBUAKOCTI Ta Temneparypi. [Ipu oxomomxeHH1 piauHu
3MiHa apaboIIYHOro NPOQI0 MBUIKOCTI MAa€ MICIE Y MPOTUIIEKHOMY HaINpsMKy. B
ra3ax CrOCTEpIraeTbCsl KapTHHA MPOTHIIEKHA TIiH, [0 Ma€ MICI€ y PIAUHI, 110
MOB’A3aHO 3 MIJABUIIECHHAM iX B’SI3KOCTI MPU MIABUINCHHI TeMIepaTypu; WMOBIPHO
JI0JIaTKOBA 3MiHA MPOMIIIO MIBUIKOCTI, 110 TIOB’s3aHa 13 3MIHOKO TYCTUHH.

®opmydy (8) He MOXKHA BUKOPUCTOBYBATH JJIsl JOBTUX TPyO, TOMY 1110 BOHA MOXeE
MPUBECTHU J0 HYJIHOBOTO 3HAUEHHS Koe(ilieHTa TeroBigaadl. Jljis 3BuyaiiHuX piJidH Ta
razie npu L/D<0,0048Rep B TpyOax Ta mpu L/Dny<0,0021Repy B KkaHamax 3
NPSAMOKYTHUM TOINEPEYHUM IEPEPI30M B yMOBAX MOCTIMHOI TeMIiepaTypu CTIHKUA abo
MOCTIHHOTO TETJIOBOTO MOTOKY OB MijIiiae HacTymHa hopmyia;

Rep,, PrDy 1
In 0.167 05\y |
4L 1-(2,654Pr (ReDH PrDy, /L)) 9)

Nuo,

VYcepennenns 3a JOBXUHOIO TpyOu umciaa Hyccenbra, mo po3paxoBYEThCS 3a

dhopmyoro (8) abo (9), 3M1HCHIOETHCS HACTYITHUM YHHOM:
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— DE oD
NUD :I-([acxdxzj, (10)

Je 1HIEKC X XapakTepusye BiicTaHb Bin Bxoay. Take umcimo Hyccenmpra wacto

HA3UBAIOTh CEPEAHBOIOTapi(PMITHUM.

3aoaua 1. TloTik oBiTps 3 TUCKOM 1 amm Ta Temneparypoio Tg, K pyXaeThcs 1o
TpyOl1 3 BHYTpiHIM giameTpoM D, m 31 mBuakictio Ve, m/c. Po3paxyBaTu koedimieHT
TEIUIOB1/I/Iavul, KOJIM TeMmmepaTypa Tpyou aopiBHIOE Ts, K, Ta BU3HAYUTHU TEIUIOBHI
MOTIK, IO TMEpPEeNacThCsl TMOBITPIO HA OJWHUII JOBXKUHU TpyOHW, SIKIIO TyCTHHA

TEIJIOBOTO MOTOKY MIATPUMYETHCS TTOCTIIHOIO.

Ilopsaook po3paxyHkKy.

Po3paxoByeMo cepenHe 3HAUYCHHS MK TEMIIEpATypoOlO MOBITPS Ta TEMIIEPATYpPOIO
CTIHKH, Ta 34 II€I0 TEMIEPaTypoOI0 BU3HAYAEMO TEIIO(I3UYHI BJACTUBOCTI MOBITPS (CM.
JIOJATOK 2).

Hactynaum kpokoM Bu3Ha4aemo uucio PeliHonpaca:

Ve D

v

ReD =

OtpumaBiu yucio PeitHonbaca, BU3HAYAEMO PEXUM PyXy Tedii, Ta, B 3aJIEKHOT
BiJ 11bOTO, 3HaxoauMo unciio Hyccenbra abo 3a Gpopmysioro ajis lamiHapHOI, a00 IS
TypOyJIEHTHOI Tedii.
3naiimoBmy NU, KOpUCTYEMOCS] HACTYITHOIO (DOPMYJIOHO:
aD
Nup =—
Ta 00YUCITIOEMO KOC(IIIEHT TEIUIOBI A .
Ko rycTMHAa TEIJIOBOTO IMOTOKY MIATPUMYETHCS MOCTIMHOIO, TO PI3HULSA
temrepatyp Ts-T, Oy/ie HE3MIHHOIO, ajlie cepeHhOMAcoBa TeMIiepaTypa Oy1e 3pOCTaTH.

Sxmo 3HeXTyBaTM 3MIHOKWO Koe(dillieHTa TeIUIoBiAadi, TOB’S3aHUM 31 3MIHOIO
24



TeI10(h13UYHUX BIACTUBOCTEH PIIMHM, TO TEIUIOBUHN MOTIK, 10 MEPEIAEThCS PIIMHI HA

OJIHOMY METpI IOBXKUHU TPYyOH, CKIIa/Ia€:

q' = amD(Ts —Tg).
Bxinni nani 1o 3agaui 1

No D, m Vep, M/C Ts, K Tg, K
1 0.015 8

2 0.02 9

3 0.025 10 510 490
4 0.03 11

5 0.015 12

6 0.02 8

7 0.025 9

8 0.03 10 400 350
9 0.015 11

10 0.02 12

11 0.025 8

12 0.03 9

13 0.015 10 510 490
14 0.02 11

15 0.025 12

16 0.03 8

17 0.015 9

18 0.02 10 400 350
19 0.025 11

20 0.03 12

3aoaua 2. Bona pyxaeTbcs B KamuisgpHid TpyOIi 3 BHyTpimHIM giametrpom D, i,

noBxuHOW L, m 31 mBuakictio V, m/c. Temnepatypu Boau Ha BxoAl 333 K. Paxyrouu,
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0 TeMIlepaTtypa TpyoOKa HiATPUMYETHCS MOCTIMHOIO 1 JopiBHIOE 353 K, po3paxyBatu

TEeMIIepaTypy BOJAU Ha BUXO/].

Ilopaooxk po3paxyHky.

TemmodizuyHi BIAaCTHBOCTI BOAM MpH Temmepatypi 333 K HactymHi (IuB.
nonarok 3): p=983 ka/m®, c,=4181 [oic/(ke'K), u=4,72-10"* H-c/m?, 2=0,658 Bm/(m°K),
Pr=3,0.

Jl7ia BU3HAUGHHS peXUMY Tedil, BU3HAUMMO 4uciio PeiiHonbaca mpu Temmneparypi
PIIMHU Ha BXO/II:

_pVD
= o

OcCKUIbKYM cepeTHbOMAcOBa TEMIIEpATypa PIAUHU HEBIJIOMA, TO CIIOYATKy BI3bMEMO

Re,

BCl (I3MYHI BIACTUBOCTI MpPH CEPEIHHOMACOBINM TeMIepaTypl piAMHM Ha BXOJi, Jaji
BU3HAYMMO CEpPEAHHLOMACOBY TEMIIEpaTypy Ha BHUXOJi, Ta 3HOBY TOBTOPHUMO BCi
omeparii /71 OTpUMaHHS OUTBII TOYHOTO 3HauyeHHsA. [lo3HaunMo yMOBHM Ha BXOl Ta

BHMXO/I1 BIAMOBIAHO 1HACKcaMu 1 Ta 2, Ta 3aMuIeMo piBHSHHS OallaHCy €Heprii:
Tg + Ty -
q=aDL| Tg — 5 )7 me(TBZ ~Tgy) (*)

3anucyeMo 3HA4YeHHS KOE(IIEHTY JUHAMIYHOI B’S3KOCTI, BU3HAYEHOTO 3a
TEMIIEPaTypol0 CTiHKM: us=3.52-10* H-C/M?, Ta pO3paxoByeMO 3a BiIIOBIIHOIO
dbopmynoro cepenHe 3HadeHHs umcia Hyccenpra. Jlami 3Haxoammo KoedillieHT

TEIJIOBi/1a4ul, BAKOPUCTOBYIOUM HACTYIIHY 3aJIEKHICTb:

aD
NUD :7.

MacoBy BUTpaTy MOXHa 3HalTH 3a POPMYJIOI0:

2

[lincraBnsoun po3paxoBaHi 3HAUYE€HHA o Ta M B piBHAHHA (*) 3 ypaxyBaHHSIM

Toro, mo 1g1=333 K ta Ts=353 K, Ta po3B’s3yt0uu 11€ piBHAHHS, OTPUMAEMO [ py.
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Jlami  mpoBOAMMO TIOBTOPHHM pPO3paxyHOK, BHKOPHCTOBYIOUM JUJISI IHOTO
Ter10(13UYHI BJIACTUBOCTI PIAWHU, 110 OYJIM B3STI IIPU HOBIN CepeIHIN TeMIepaTypi:

T6,6.X +T

_ 6,6UX
cp 2

Tp

Jlani 3HOBY po3paxoByemo uwmcia PeliHonbaca, Hyccenbra, KoediiieHT
TEIUIOBI/Iaul Ta TeMIlepaTypy Ha BHUXOAl Ig2. HacTymHi iTteparii MOXyTh BXE HE
NPUBECTH IO CYTTEBOI 3MIHHM PE3yJbTATiB, IO MOB’SI3aHO 3 HEBEIMKOK Pi3HUIICIO
CepeIHLOMACOBOT TEMIIEPATypH PIAMHH Ta TEMIIEpaTypH CTIHKH. SIKIIO IS pi3HULSA

TEMIIEpaTyp BEIUKA, TO MOXKYTh 3HaI0OUTHCS TOBTOPHI iTepariii.

Bxinni gani g0 3agaui 2

No D, m, -107% L, m Vep, M/C
1 2 0,2

2 2,5 0,25

3 2,8 0,3 0,15
4 3 0,35

5 3,2 0,2

6 2 0,25

7 2,5 0,3

8 2,8 0,35 0,18
9 3 0,2

10 3,2 0,25

11 2 0,3

12 2,5 0,35

13 2,8 0,2 0,2
14 3 0,25

15 3,2 0,3

16 2 0,35

17 2,5 0,2 %23
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18 2,8 0,25
19 3 0,3
20 3,2 0,35

Pioxi memanu

HaBeneni Bume ¢opMynn s po3paxyHKy KOEQIIIEHTIB TEIIOBIAAYl MpU
JaMiHapHIN Ta TypOyJeHTHIHN Tedii 3aCTOCOBYIOTHCS A0 PIANH, Y AKUX uucio [Ipanaris
oinbmie 3a 0,5. Ane piaki Metanud maroTh unciio [Ipanaris ictrotHo meniie 3a 0,5. Ie
00yMOBJICHO iX BUCOKMMH KO€(iIll€HTaMU TEIIONPOBITHOCTI. PiKi MeTanu BiIBOISTH
3HAYHO OUIBII TEIIOBI MOTOKH, HDK IHII pIAUHUA abo Ta3u, TOMYy iX IIMPOKO
3aCTOCOBYIOTh y SIICPHUX pEaKTopax, y aKTUBHIA 30HI SKUX PO3BUBAIOTHCS
HAaJ3BUYAHO BHUCOKI TEIUIOBI MMOTOKU. BCTaHOBIEHO, 10 MpHU TEIUIOBIAIa4yl A0 PLAKUX
MetaniB yncio Hycenbra 3anexuTs Bijl 700yTKy uncen Peiinonbica ta [lpanaris, mo

Mae Ha3By umcia [lexie — Pe.

wL A
Pe=Re-Pr, Pe=—, a=—-.
a £C,
[Ipu noBHICTIO PO3BUHYTIN TypOyJIEHTHIM Tedii B TpyOax 1 MpU MOCTIHIN I'yCTHHI

TETJIOBOTO MOTOKY €KCIIEPUMEHTANIbHI aH1 y3arajJbHIOIOThCS CIIBBITHOIICHHSM:
0.4
Nup =0.625Pe™", (11)

AKIIO BCl (p13MYHI BJACTUBOCTI BU3HAYAIOTHCS MIPU CEPEAHBOMACOBIHM TeMIiepartypi
pinuau. CmiBeinHomenHs (11) cmpaBennmuBo mpu 100<Pe<10000 Ta BimHOIIEHHSX
JOBXHHM J0 JiaMeTpy, Outbmux 3a 60. st BUMagKy MOCTIHHOT TeMIlepaTypu CTIHOK

PEKOMEHTYy€E€ThCSI CITIBBITHOIICHHS:
Nug =5.0+0.0258Pe"®, (12)

cipaBeymBo Tipu Pe>100 Ta BiITHOMICHHSIX JOBXHHHU J0 JTlaMeTpy, OUThIINUX 3a
60, sxmIo BCl (i3UYHI BJACTUBOCTI BU3HAYAIOTHCS MPHU CEPEAHHOMACOBOI TeMIepaTypi
plauHU.
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3aoaua 3. PtyTh pyxaeThes 1o Tpy6i giamerpoM 2,4-1072 u 31 IUBMAKICTIO W, M/ Ta

temnepatyporo 7, K. BuzHauntu koedilieHT TeIIOBiAAa4l, SIKIO J0BXUHA TpyOu L, i,

Ilopsadox po3paxyHKy.

3 Tabmumi (cM. JodaTtok 4) BH3HAYAEMO TEIUTO(I3WYHI BJIIACTUBOCTI PTYTI 3a
BU3HauYaIbHOIO Temmeparyporo 7. Ilicist nporo MoxkHa po3paxysaTi uucio [lekse.

3a dopmynoro (11) ado (12) obuucmroemo uuciao NuU. Po3paxyBaBimm 4Yucio

HyccenpTa, 3HaX0111M0 KOE(iII€HT TEIUIOBIIIa4i 3 HACTYITHOTO CITiBBITHOIICHHS:

Nup = %.
Bxinui gani 1o 3agayi 3

No W, m/c L, m T,K
1 1,5 3

2 2 3,5

3 2,5 4 323
4 3 4,5

5 3,5 5

6 4 3

7 1,5 3,5

8 2 4 353
9 2,5 4,5

10 3 5

11 3,5 3

12 4 3,5

13 1,5 4 373
14 2 4,5

15 2,5 3)

16 3 3 13
17 3,5 3,5
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18 4 4
19 3 4,5
20 2,5 3)

3aoaui ona camocmiitnoz2o po3e’a3aHus

1. Tlpu Teuii 3 BuTpaToro 4 k2/c B Tpy6i 3 BHyTpimHiM miameTpoM 5-107% m Boza
nigirpiBaetbes Big 283 K no 323 K. BusHauuTu HEOOXITHY JTOBXKUHY TPYOH, SIKIIIO
TEeMIIepaTypa CTIHKU MIATPUMY€EThCS PiBHOIO 353 K.

2. Cepenns temmeparypa BOJU Ha BXOJl B TpyOy 3 BHYTPIIIHIM JiaMETPOM
2,5-10% m popiearoe 278 K, Butpara Bomu 0,5 xe/c. EnexTpudHUWii HarpiBaabHUM
€JIeMEHT 3a0e3leuye MOCTIMHY TyCTHHY TEIUIOBOTO IMOTOKY BiJ CTIHKM TpyOM Ta ii
cepennio Temreparypy 323 K. BuszHauntu koeillieHT TEIUIOBiadi Ta po3paxyBaTH,
AK 3MIHUTBCS] TEMIIEPATYpa BOJIU MIPHU JOBKHUHI J,6 M.

3.  AtmocdepHe moBiTps 3 Temmeparyporo 293 K HaIxoauTh y NPSMOKYTHUN
KaHas 3 mnepepizom 0,075%0,15 m Ta noexunoro 3,5 m. Bci wotupu moBepxHI I[bOTO
KaHAJTy 3aBIJKH COHIYHOMY BHUIIPOMIHIOBAHHIO MiJTPUMYIOTBCS TIPH TeMIEpaTypi
343 K. Po3paxyBartu, npu sIKiii BUTpaTi MOBITPSl MOTO TeMIepaTrypa Ha BUXO1 3 KaHATy
NepeBUILyBaTUME TeMIEpaTypy Ha Bxoai Ha 20 rpaaycis.

4.  ArtmocdepHe moBiTps, mo Mae Temnepatypy 388 K, 3 Burparoro 0,22 mi/c
HaIXOmuTh y TpyOy 3 BHyTpimmHiM miamerpom 4-10% . YV npunymensi, mo
TEeMIlepaTypa CTIHKM TPYyOU MiATPUMYETHCS MOCTINMHOIO 1 piBHOW 233 K, BU3HAUUTHU
TOBXUHY TPYOH, sIKa HeOOX1THA JIJI OXOJIOMKEHHS MOoBITps 110 353 K.

5.  Kanan noBxuHOI0O 3,5 M Ma€e TPUKYTHUH TOMEPEUYHHM Tepepi3 3 JOBKHUHOIO
ctoponu 0,03 m. TemnepaTypa piAKOro HaTpit0 Ha BXxoAl B kaHan 5/3 K, a iloro macoBa
Butpara 3,6 ke/c. CTIHKM KaHaldy MiATPUMYIOTHCS 130TEPMIYHUMHU TPU TeMIEpaTypi
525 K. Bci Temnnoi3ndHi BIACTUBOCTI HATPIIO B3SITH MIPU HOT0 BXIIHINA Temreparypi Ta

BU3HAYHTH: a) TEMIIEpATypy HATPiIO Ha BUXO/I1; 0) TEIUIOBUH MOTIK J0 HATPIIO.
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JlaGopaTopna pooora Ne3

Koneéexmuenuii menioooMmin 6 ymosax eumMyuleHoi KOH8eKUii npu

306HIULIHLOMY 00OMIKAHHI

Po3paxoByBaTH KOHBEKTUBHUHN TEIJIOBUU MOTIK MOTPIOHO HE TIIBKHU MPH TEUISIX B
KaHajax, ajge ¥ mpu oOTiIKaHHI IUIACKUX IUIACTHH, cdep Ta MydKiB TPyO, IO BAXKIHBO

11 6araTboX 1HXKEHEPHUX 3aCTOCYBaHb.

IInacka nracmuna
IIpu oOTikaHHI MJackoi IJIACTUHM cepeaHe uuciio HyccenbTa mepin 3a Bce
3alIeKUTh Bij yucia PeliHonbaca, po3paxoBaHOro 3a MIBUAKICTIO HE30ypeHoi Tedii Ta
JOBXKUHOI0 IUIACTUHU Yy HampsiMy TOTOKY. Y JIeSIKUX BHMaJKaX HEOOX1JIHO 3HATH
MicCIIeBUM KOe(DIIIEHT TeIIoBiAaadl. Y IbOMY BHUIQJKy XapaKTEPHUM PO3MIpPOM, IO
BUKOPUCTOBYETHCS JUIsl PO3paxyHKy uucen PeitHonbica ta HyccenbTa, € BiicTaHb Bij
nepeHboi KpoMKU. B iH)KeHepHUX po3paxyHKax JiokaibHe uuciio Hyccenbra mnpu

namiHapHOMy 0oOTikaHHi muackoi miactuau (Rey<5-10°) BusHauaeThbes 3a GOpMyYIIOH0:

X
Nu, = 2%~ 0332Rel/2 Prt/?,
1)
y 1ei gac cepenne uncio Hyccenpra BusHadaeThes 3a GopMyIioro:
— gl
Nup = Ze= = 0,664 Rel/2 Pri/3.
(2)

Cepenniti  koedimieHT TtemmoBiggadl y dopmyn (2) OTPUMYIOTh IHUIIXOM

IHTErpyBaHHS:
1k
@, = [aydx 3)
Lo

IIpu TypOynentHomy oOrikanni (Rex>5-710°) Ha 4acTMHI IUIACTHHH, IO

0e3mocepeHbO CIIIyE 3a TePeHbOI0 KPOMKOIO, Teuls JIaMiHapHa Ta JIMIIIE Jajli BOHA
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crae TypOyneHTHoto. JlokanbHe 3HaueHHs yucia Hyccenbra npu Oynb-sikomMy X 3a

MICIIEM 3MIHU PEXKUMY Tedii, TOOTO IIPU X>Xc, BU3HAYAETHCS 3a HACTYITHOIO (hOPMYJIOIO:

o VX 0.8
Nu, = %o —0,0288 2= | prlf3,
A H @
V mel 4ac cepeqHE 3HAYEHHS, SAKIO Iepexim 3ailicHioeThes mpu Re=5-10°,
JTIOPIBHIOE
— a. L
NuL = ¢~ = 0,036 Pr/3 (Re% - 2320).
A 5)

Ilooounokuii yuninop ma cgepa

[IpyHIMMmianpHa BIAMIHHICTE OOTIKAHHS IWIIHAPY abo cdepu Big OOTIKaHHS
IJIaCKO1 TUTACTHHM TOJSITa€ B TOMY, IO MPH IIbOMY MOXE BIJOYBATHCS HE TUIBKU
nepexiJi BiJ JaMIHApHOI 10 TYpOYJEHTHOI Teuli y NPUKOPJOHHOMY Iapi, a TaKOX
BIJIPMB CaMOI'0 MPUKOPAOHHOTO APy BiJl MOBEPXHI PO3ALTY PIAMHM Ta TiJIa Y KOPMOBIH
Horo yactuHi. [IpuurHOIO BIIPUBY € 3pOCTaHHS TUCKY Yy HalpsMy Tedli, 110 1 IPU3BOJE
0 YTBOPEHHS 00JIaCTi BIAPUBHOI Te4Yii 3a TIIOM Yy BHIMAJAKY, KOJU IIBHUIKICTbH
HE30ypEeHOro0 TOTOKY JOCTaTHHO BEJIMKA. YTBOPECHHS TakKoi 00yacTi MpH OOTiKaHHI

HUTIHAPY CXEeMaTUYHO HaBeJAeHO Ha puc.3.1.

Kopnou
P UKOPIOHHOTO APy _
I ~N -7
I - ]
\..' - [ ‘ !
\ - - ]
\ \ : | !
\ : - ]
Z\- I /
L - % - — ——
- | = o — i — —_— -
" 1 Bl = —
\ [ .
. 3BOPOTHA Te4is
Bimpus P

Puc.3.1. Cxema po3BUTKY BIIPUBHOI TeUil
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[likoM oueBuaHO, MO B 00JacTi, J€ NPUKOPAOHHUN Iap BIAIPBAaHUN BiJ
MOBEpXHI, OyIyTh 30BCIM 1HIIN 3HaueHHs uuciia Hyccenbra, HIXX B oOjacTti, e BIH
MPUMHKAE JI0 TIOBEPXHi.

Ile miaTBEep/KYIOTH JaHl, OTpUMaHiI IpH uuciax PeitHonpaca y He30ypeHOMY

notomi 7/0000<Re<220000 (pwuc.3.2). Ha pwuc.3.2 HaBemeHO 3HAYCHHS JIOKAJTBLHOTO

a.,D

yucna NU, = B 3QJIC)KHOCTI B1Jl KYTOBOI BiJICTaH1 6 BiJl KpUTUYHOI TOUKH.

800

Nue
700 N\

600 \
- I~
300 o — / \/
- — AV

100

Puc.3.2. Yucno HyccenbTa B 3a5€KHOCTI BiJf KyTOBOi KOOPJIMHATU TIPU

MOTIEPEeYHOMY OOTIKaHHI

MoskHa 6auyuTH, IO CHOYaTKy, SK 1 MpU JamMiHAPHOMY OOTIKaHHI IJIACTUHH,
JokalibHe uuciio Hyccenbra B3HWXKYEThCS MO Mipl BIJJQJICHHS Bl MNEPEIHBOL
YTBOPIOKOYOT NWJIIHIpa, ajieé Jajli BOHO PI3KO 3pOCTae MpU TNEepexojl Tedil BiA
JaMiHApPHOTO JO TypOyJIEHTHOTO pEXuUMy, 1 3HOBY 3HUXKYETbCA B 00JacTi
TypOyJIEHTHOTO TPUKOPAOHHOrO mapy. OfgHak, y 3aaHii 4acTUHI IIIHAPY B 00J1acTi
BiapuBHOI Teuii yncino Hyccenbra 3HOBY 3poctae. [Ipu 1BOX HaAHM3BKUX 3HAUEHHSX
yrcna PeitHonpaca (70000 ta 100000) BimpuB BigOyBaeThCst 1O MOYATKY MEPEXOAY Bif

JAMIHApHOTO PEXUMY Tedli y NPUKOPAOHHOMY Mapi 10 TypOyneHTtHoro. [Ipu npomy
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MIHIMaJbHE 3HAYCHHS KOe(IIIEHTY TEIUIOBIAAa4l JIOCATAEThCS MPUOIU3HO y TOYII
BIJIPUBY.
VY 3BuYaiiHIN 1HXKEHEpHIN MPaKTUIll HE OOOB’S3KOBO PO3PAXOBYBATH JIOKAJIHHE

3HA4YCHHA YHUCJIa HYCCCJ'IBTa, da I0CTaTHbBO 3HATH CCPCAHE 3HAYUCHHIA KOG(biHiG?HTy

a.D

teroBigmadi. Cepenne uucio HyccensTta MO>KHA TIPEJICTABUTH B 3QJICKHOCTI BiJl

uncia Peitnonsaca pV, D/ u we3bypenoro moroky ta uucna [Ipanaris, IpudoMy s

eMITipUYHa 3aJ1€KHICTh aHAJIOT1YHA OTPUMAaHIH paHiiie s Teuli B KaHajlax JIUIIE 3 TOI0
pI3HHUIIEIO, II0 XapakTepHUM po3MmipoM B uucinax PeiiHonbraca 1 Hyccenmbra muis
nuiiHapa ta cepu € 30BHIMHIA miamerp Tiuta D. JIns ras3iB Ta 3BUYAMHUX PIiJUH
cepenHii Koe(IieHT TEeIUIoBiAayl Mpu OOTIKAHHI MOOJWHOKOIO IWIIHAPY MOXKHA

po3paxyBatu 3a GOpPMYJIOIO:

— n
—  a.D V_ D
Nup = Z¢= = | Z%== | pr'/3, (6)
A U
ne V_ — mBuakicte Habiraro 4oro MmoTOKy, a 3HadeHHs koedimienty C Ta

NOKa3HUKA CTYTIEHIO N sl pi3HUX 1HTepBalliB 3HaUeHb Re€ ¢ HaBeneHo B Tabmmi 3.1.

Tabauug 3.1. 3HaueHHA KOHCTAHT ¢ Ta N

Rep, c n
04-4 0,989 0,330
4-40 0,911 0,385

40— 4000 0,683 0,466

4000 — 40000 0,193 0,618

40000 — 400000 0,0266 0,805

Bci  ¢izuuni  BmactuBocTi  y  dopmyni  (6) chmig  BH3HAYaTH  MpU
cepenHboapupMEeTUYHOMY 3HAUEHHI TeMIepaTyp NOBEpXHI Ta piquHu. 3HaueHHs C T1a n

Mpy OOTIKaHHI MITIHIPUYHHUX T17 3 HEKPYTIUMU TIepepizaMu HAaBOAATHCA y Tabmuii 3.2.
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Tabmuusa 3.2. 3HaueHHs koHcTaHT C Ta N g PO3paxyHKY TEIIOOOMIHY Npu

MOTEPEYHOMY OOTIKaHHI MWIIHAPUYHHUX TLT 3 HEKPYTIUM MOMEPEUHUM TIEPEPi3oM

Dopma nonepeynozo Rep C n
nepepisy '
v, > O 5-10° — 105 0,246 0,588
vV, > 5103 —10° 0,102 0,675
5-10% — 1,95 10 0,169 0,638
VvV, > O
1,95-10* - 10° 0,0385 0,782
V. = () 5103 - 10° 0,153 0,638
vV, —> | 4-10°-1,510% 0,228 0,731

OTpumaHa HacTyIIHa alpokcuMalliifna gopmya:
- 0,25
Nup =2+(0,4Re}+0,06 Re2’3)Pr°'4('u% j , (7)
S

sAKka crpasenuBa npu 3,5<Rep<8-710* ta 0.7<Pr<380.

Bci ¢isuyHi BIacTHBOCTI y il GopMyil, 32 BUHATKOM [lg, CIIJl BU3HAYATH NIPH
TeMIlepaTypi HabIraro 4oro MmoToKy.

IIpu oOTikaHHi cdepu PIAKUM METANIOM KOE(PIIEHT TEIIOBIAAa4Yl MOXIMBO

pO3paxoByBatH 3a POPMYJIOO:

Nup =2+0,386(Rep Pr)*° )

AKa CrpaBeIJIMBa B iHTepBaii 3HaYeHb uncia Peiinonsaca 3-10°<Rep<1,5-10°,

3aoaua 1. BuszHauuTu TEIJIOBUH TOTIK O aTMOC(EpPHOTrO MOBITPS, IO Ma€
temrepatypy T, K Ta mBumakicts V., m/C. TloBiTpst pyxaerbes mo TpyOi giameTpom
0,5 m Ta noxuHoto L, m. Temneparypa nosepxHi tpyou Ts, K.

Ilopsaook po3paxyHnky.

Po3paxoByeMo BU3HaYaIbHY TEMIIEPATYPY:
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T +T,
Tf:SZ y

3a KO0 IUISIXOM I1HTEPHOJISIi 3HaXoAUMO (Pi3MUHI BJIACTUBOCTI IMOBITPs (IUB.

JOJTaTKN).

Po3paxoByemo uncno Pertnonsaca:

ReD’f == pVOOD.

3 tabmuui 3.1 orpuMyemo 3HaueHHs kKoHCTaHT C Ta N. [lani oO0uncIoeMo 4UCIIO

HyccenpTa 3a dhopmyroro (6):

I n
- 0 D) g

y7;
3BIIKK cepeHii KoedillI€HT TEIIOB11/Iaul PO3paxOByEMO HACTYITHUM YHUHOM:
a. = D

Toni TerIOBHil OTIK OTPUMYEMO 32 HACTYITHOIO (hOPMYJIOIO:

q = 67Cﬂ’.DL(TS _Too)'

Bxinni nani 10 3agaui 1

No Vo, m/c L, m T, K T, K
1 3 7
2 5 8 358
3 8 10 373
4 10 12

340
5 7 15
6 3 12

323
4 5 10
8 8 8 353
9 10 7 345
10 7 15
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11 3 7
12 5 8 320
13 8 10 333
14 10 12

315
15 7 15
16 3 12

353
17 5 10
18 8 8 363
19 10 7 343
20 7 15

3aoaua 2. TloBiTps 00TiKae 30BHIIIHIO MOBEPXHIO TMOOJAMHOKOTO UWJIHAPY
niamerpom D, m. Hampsim moBITpSHOTO MOTOKY MEPHEHAMKYJISAPHE A0 BiCl IIIIHIPY.
[IBuakicte noBiTps V., M/C, ioro Temreparypa 7., K, npu Temneparypi mumsapy 7s,
K. BusHauutu BIJHOIIEHHS CEPEIHBOTO KOE(PIIIEHTY TEIJIOBIAAa4Yl 7O HOro

JIOKaJBHOTO 3HAYCHHS HAa KPUTWUYHIN JHI UWTHAPY Yy NPUITYHIECHHI, 0 YHUCIO

HyccenbTa TyT BU3Ha4YaeThes 3a popmysioro NU =~/ Rep.

IHopsaook po3paxyuky.

AmnanoriuHo 10 3amadi 1 po3paxoByeMO BH3HAuUalbHy TeMIeparypy |,
BIAMOBIHI (DI3WYHI BJIACTMBOCTI MOBITPS, TAaKOXK OOYHMCIIOEMO YHCiIO PeiHonbaca Ta
BH3HAYa€MO 3Ha4YeHHS KOHCTaHT C Ta N.

3riTHO OTPUMAHUX JAHUX PO3PAXOBYEMO cepeaHe 3HaueHHs yucia Hyccenbra 3a
dbopmymoro (6), a TAKOXK cepeIHii KOedIIIEHT TEIUIOB1AIayl.

3a yMOBOKO 3ajadi MiclieBe 3HadeHHS uyuciaa Hyccenmbra po3paxoByeMo 3a
dopmynoro  Nu = JRe D, TOIl WIyKaHe BIJHOIIEHHS CEPEIHBOTO KOEQIIIEHTY

TEIUIOB11a4l 0 HOT0 JIOKAJIBHOI'O 3HAYEHHS
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o, Re Dl .
Bxigni xani no 3apaui 2
No Ve, M/c D, m T, K T, K
1 2 0,1
2 4 0,08 360
3 6 0,12 373
4 8 0,07
333
5 2 0,09
6 4 0,07
343
7 6 0,12
8 8 0,1 363
9 2 0,08 350
10 4 0,09
11 6 0,1
12 8 0,08 345
13 2 0,12 353
14 4 0,07
333
15 6 0,09
16 8 0,07
323
17 2 0,12
18 4 0,1 343
19 6 0,08 330
20 8 0,09
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1lyuxu mpyo
dopmysia Uil XapaKTEPUCTUK TEIUIOOOMIHY MHpH OOTIKaHHI IyYKiB TpyO Mae
cxoxud Burisaa ao Gopmymu (6). OnmHak, 3HadeHHs Koedimienta C Ta TOKa3HHUKA
CTYIEHIO N 3aJIeKaTh BiJ BIJACTaHI MK CYCIIHIMH TpyOaMM Ta BiACTaHI MDK psaaMu
TpyO y HampsMy Tedii, a TAaKOX BijJ COCOOY po3TallyBaHHS TPYO — KOPHUIOPHOTO abo

maxoBoro (puc.3.3).

(1
L/
(1

=
=

D (D (D
NVAANVAANV
(D (D

AN,

(D (D (D
NPAANYIANY,
D MDD

D M

NEAANVAA NN

a) 6)

Puc.3.3. Cxemu po3ranryBaHHs My4KiB TpyO:

a) KOpUJOpHE pO3TallyBaHHs TpyO; 0) I1axoBe po3TalllyBaHHs TPyO

B tabnuui 3.3 HaBeneHo 3HaueHHs C Ta N, Kl HEOOXIJHO BUKOPUCTOBYBATH B
dbopmyni (6) npu pi3HOMY po3TallyBaHHI TpyO y mydkax Ta npu HasBHocTi 10 abo
OlsIpLIE PAIB Y HANIPSIMY TEYii.

Yucno PeitHonmbaca Reémax AJIsE MOTOKY uepe3 IMy4oK TpyO BHU3HAYAETHCA TIO
TiaMeTpy TpyOu Ta MaKCHUMaJbHIN MIBHAKOCTI TeYii (TOOTO MIBUAKOCTI MOTOKY Yepe3

MiHIMAJIbHY TUIOITY MPOX1THOTO TIepepisy).
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Tabmumg 3.3. 3HaueHHs koHcTaHT C Ta N Ui PO3pPaxyHKy TEIUIOOOMIHY MpH

oOTiKaHHI My4YKiB TpyO 3 AecsAThMa Ta OUIbIIE pIaMu

Sn/D
Sp/D 1,25 1,5 2,0 3,0
C n C n C n C n
Kopuoopne posmawysanus
1,25 0,386 | 0,592 | 0,305 | 0,608 | 0,111 | 0,704 | 0,0703 | 0,752
1,5 0,407 | 0,586 | 0,278 | 0,620 | 0,112 | 0,702 | 0,0753 | 0,744
2,0 0,464 | 0,570 | 0,332 | 0,602 | 0,254 | 0,632 | 0,220 | 0,648
3,0 0,322 | 0,601 | 0,396 | 0,584 | 0,415 | 0,581 | 0,317 | 0,608
Llaxose pozmawysanns
0,6 — — — — — — 0,236 | 0,636
0,9 - — - - 0,495 | 0,571 | 0,445 | 0,581
1,125 - — 0,552 | 0,558
1,125 - — — — 0,531 | 0,565 | 0,575 | 0,560
1,25 0,575 | 0,556 | 0,561 | 0,554 | 0,576 | 0,556 | 0,579 | 0,562
1,5 0,501 | 0,568 | 0,511 | 0,562 | 0,502 | 0,568 | 0,542 | 0,568
2,0 0,448 | 0,572 | 0,462 | 0,568 | 0,535 | 0,556 | 0,498 | 0,570
3,0 0,844 | 0,592 | 0,392 | 0,580 | 0,486 | 0,562 | 0,467 | 0,574

JIist BU3HAUeHHS KOe(PIIE€HTIB TEIIOBI a4l PU OOTIKAHHI MYYKiB TPyO piAKUMU

MeTajaMu peKOMEHI0BAHO (HOpMYITy:

Nug =4,03+0,228(Re,,, Pr)>,

©9)

sKa CIpaBeJIMBa B iHTepBalli 3Ha4eHb uncia Peitnonbaca 20000<Renax<80000.

3umxenns Tucky (y H/m?) y moromi rasy 4epes my4ok Tpy6 MOXKHA pO3paxyBaTu

3a CITIBBIIHOIIIEHHSIM:
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LA

ne G, — MacoBa IIBUJKICTh NPH MiHIMaJbHIH IUIOMI NPOXIAHOrO Iepepisy,

ke/(c'M?); p — rycTHHA Y He30ypeHOMY MoTomi, k2/m°; N — 4iCII0 IONepeyHuX PAIiB.

EmMmipuunnii  koeditieHT — TepTs f’ Bu3HauaThCsI 33  HACTYIHUMH

PEKOMEHI0BaHUMU (DOpMyTIaMu:

f-2./0254 0118 -Re, 2.1 (11)
((S,-D)/D)

IIpU 11aXOBOMY PO3TalllyBaHHI TpyO Ta

-Repac” (12)

0,08-S,/D
f'=2./0,044+

((Sn _ D)/ D)O'43+1'13D/SP

pU KOPUJIOPHOMY pO3TalllyBaHHI TPYO.
JUist po3paxyHKy Koedili€HTa TEIJIOB1AAaul Mpu TypOyJIeHTHOMY OOTIKaHHI My4Ka
TpyO 3a HAsBHICTIO JECATU Ta OUIbLIE PsAIB TPYO, K NPU KOPUAOPHOMY, TaK 1 MPHU

[I1aX0BOMY iX po3TarnryBaHHI Ta Rema>6000, pekoMeHnmoBano GpopmMyy:

— 0,6
%D _ 33, CmxD ) ppos (13)
ﬂ/f ,Llf
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3aoaui 013 camocmiitHo20 p0o36’°A3aHHA

4. Tlnacka muacTuHa Mae JOBXHUHY 4 v Ta mpuny 6 m. Temneparypa miacTuHU
403 K, a temmeparypa otouytouoro mositps 278 K. IloBiTps pyxaeTbcs
nmapajgenbHO IUJIACTMHI B3JOBX 11  JOBXMHHU. PospaxyBaTté KoeQili€HT
KOHBEKTHMBHO1 TEIJIOBIAJaul BiJ IUIACTUHU TMpPU MIBUAKOCTSIX IOBITPS:
a) 0,1 m/c; 6) 10 m/c; B) 20 m/c.

5. B’sa3ka piguHa (Boja) 3aKkauyeThes y TPyOy, IO yKJIaaeHa Y MOBEPXHIO 3eMJIi
MDK JBOMa IIeXaMH XIMIYHOTO TmmianpueMcTBa. 1100 3MEHIIUTH B’SA3KICTH
pIIMHU, Ta BIAMNOBIAHO, €HEPTilo, sika HEOOXiIHA I 1i MPOKA4KH, piIUHA
HarpiBaeThbes 10 Temmneparypu 3/8 K. 30BHimHIN giametp Tpyou 16 cm, a ii
nosxuHa [10 m. Burpatm pinuaa B TpyOl 20 ke/c. Hampsm BiTpy
NEepHNeHANKYJISIpHUA Bicli TpyOu, a Horo mBuUAKICTE [4 m/c. Hexrtyrouu
TEPMIYHUM OIIOPOM TPYOH, BU3HAYMTH TEIUIOBHH IMOTIK, IO BIJIBOJUTHCS BIJI
pIOMHY, Y TOW JI€Hb, KOJIM TeMIlepaTypa NoBITps aopiBHIOE 273 K. Buznauutu

3HIDKCHHSI TEMIlepaTypu pIIuHU B TpyOl, SKIIO MUTOMa TEIUIOEMHICTD

nopiBHIoE 1,3 k/oc/ (ke K).
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JlaGopaTopna podora Ne4

Po3paxynok meniooomMiHHUKIG

OcHo6Hi 8U0U MeNn100OMIHHUKIG
TermnooOMIHHMK HAMMPOCTIIIOTO THUMY CKJIAJa€ThCs 13 TPyOW, BCEpEAMHI SKOT
posramoBaHa iHma Tpyb6a (puc.4.1). Take ycraTKyBaHHS MOJXKE IIpalfoBaTh abo B

PEXHUMI IPOTUTOKY, 00 B pEKUMI IPSIMOTOKY.

T, eux

l
l

l
l

Tj, 6x

Puc. 4.1. IIpoctuii MpOTUTOYHUI TETNIOOOMIHHHUK TUITY «TpyOa y TpyOi»

Haii6inpir  po3MOBCIOPKEHUM  THIIOM  TEINIOOOMIHHHKA, SKHW  ITHPOKO
BUKOPUCTOBYETHCS B XIMIUHIN Ta IHIIMX Tally3SX MPOMHCIOBOCTI, € KOXKYXOTPYOHUM
TEMI000MIHHUK (puc.4.2). VY TemiooOMIHHUKY TaKoro THUIy OJHA pIlIuHA Teue
BCcepeauHi TpyO, TOMI SK 1HIIA PIAUHA TMPOKAYYETHCS Yy MDKTPYOHOMY MPOCTOPI
BCEpeNMHI KOXKyxXa y TolepeuHoMy Hampsmy. [IpudyrHa BHOOpPY CXEeMU pyXy MOTOKY
PIIMHU TONEpEK, a HE B3JOBXK TPYO MOJSArae B TOMY, IO OUIbII BHCOKI KOE(IIEHTH
TETJIOBI/Iaul TOCATAIOTHCS MPU TOTIEPEYHOMY, a HE MPHU MPOI0JIbHOMY 00TiKaHH1 TPYO.
JIJist CTBOpPEHHS MepexpecHOro o0TiKaHHSA TpyO y Mk TpyOHOMY MpPOCTOpPi BCepeauHi
KOXYXY BCTaHOBJIIOIOTHCA Meperopoiku. L{i meperopoaxu BCTaHOBJIEHI TaKUM YHHOM,

[0 Y KOXKHIM yTBOpPEHIM HUMH CEKIii MOTIK 00TIKae TpyOu y MONEPEUHOMY HaIpsiMy
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CIIOYaTKy y MepuIii ceKIii yHu3, Jajial B ApYrid cekili yBepx 1 Tak aam. B 3amexHocTi
BiJl yCTaTKyBaHHS KOJICKTOPIB MOXKJIMBO 3a0€3ME€YUTH OJIMH UM OLIbIIE XO/11B TPYO.

[Ipu HarpiBanHi a00 OXOJOKEHHI Ta3iB YacTO 3PyYHO BHKOPHUCTOBYBATH
TEIJIOOOMIHHUK 3 TepexpecHUM TOKoM (puc.4.2). Y TemaooOMIHHUKY TaKOro THITY
piAMHA TPOKAuyeTbCcs BCEepeAuHI TpyO, TOAlI SK Ta30MOMIOHHMI  TEMJIOHOCIH
MPOAYBA€EThCA TMOMEepeKk TpyOHOTro myuka. Tedis 30BHINIHBOTO TEIUIOHOCIS MOXeE
3M1MCHIOBATHCS IIJITXOM BUMYIIIEHOT a00 BUIBHOT KOHBEKIIT. Y TEIIO0OMIHHUKY TaKOTO
TUITYy Ta3, AKUH MPOXOJUTH MOIMEPEK TPYOHOTO My4Ka, PO3MIISIAETHCS SIK TaKWH, 1110
3MINIY€EThCSA, a piJIMHA, SIKa Te€4Ye BCEPENIMHI TPYOHW, pO3TISAAEThCS SIK Taka, M0 HE
3MINIY€ThCs. 30BHIMIHIN MOTIK Ta3y BPaXOBYETHCS TAKUM, 1110 3MINIYETHCS, TOMY IO BiH
MOX€ Mail)ke BUIBHO MEPEMIILyBaTUCS Y MIXTPYOHOMY MPOCTOPi B MPOIECI NEPEHOCY
TeIia, TOJl K piJiMHA, IO Teue BCepeAuHi TpyO, HE MOKe 3MINIyBaTHCS HI 3 SKUM

1HIIIMM TMOTOKOM B MPOLIEC MEPEHOCY TeIlIa.

ITomix 2azy

ITomik 2azy

Piouna, ujo Hazpieaemuca
ato 0xXo0n00HCVEMLCA

Puc.4.2. TennooOMiHHUK EPEXPECHOTO TOKY 3 Ta30MOI0HUM TEIIOHOCIEM, 1110

3MIIITY€ThCS
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[HIM# pi3HOBHJ TEMJIOOOMIHHMKA 3 TEPEXPECHUM TOKOM, SIKHH HIMPOKO
BUKOPHUCTOBYETHCS Y KOCMIYHIN TEXHIIII, & TAKOXK JIJI ONaJICHHS )KUTJIOBUX MPUMIIIEHb,

HaBe/ieHO Ha puc.4.3.

ITomix zazy
_—

QO
[ © Q@)
\\\ Qb Cb %\Haepf@ammaéa

0X0N00HCVIOUA
piouna

Puc.4.3. [lepexpecHOTOYHUHN TEIIIOOOMIHHUK 13 Ta30MOAIOHUM TETIOHOCIEM, 1110

HE 3MIIIYETHCS

B upoMy amapari ra3oBHil MOTIK, 10 00TiKae OopeOpeHHil TpyOHUU My4dOK, HE
3MINIY€THCSA, OCKUIBKM BIH MPOTIKAE€ KPi3b OKPEMI KaHajlu B MPOLECI MEPEHOCY TeIla.
Konu Temonociit He mepeMinIyeThes, B HhOMY ICHY€ TPAJIEHT TEMIIEPATyPH SIK B3JIOBK,
TaKk 1 TOMNEepeK HampsMy MOTOKY. 3 1HIIOI CTOPOHM, SKILIO TEIJIOHOCI Jg00pe
NEepEeMILIy€EThCs, TO TEMIepaTypa Mparte A0 BUPIBHIOBAHHS y HaIpsMy, HOPMaJIbHOMY
70 pyXy MOTOKY, 1 TOMy B HOMY BCTaHOBIIOETHCSI TPAMIEHT TEMIEPATypU TIIBKU Y

HarpsAMy IOTOKY.

Cymapruii koeghiyienm menionepeoadi
Opniel0 3 OCHOBHMX 3aJad TMpU TEIJIOBOMY aHali3l  KOXYyXOTpyOHOTro
TEIJIOOOMIHHHAKA € PO3PaxXyHOK CYMapHOTO Koe(illieHTa Teruionepesadyi Mix JBOMa
notokamu pinuHu. CyMapHuil KoeQIlieHT Teruionepeaadyi MK Trapsyol0 PiAMHOI 3
TeMIeparyporo 7h Ta XOJIOAHOIO PIIMHOIO 3 TEMIIEPaTyporo I¢, M0 PO3/UIECHI TBEPIOO
TTACKOIO CTIHKOIO, BUSHAYAETHCS 3 PIBHIHHS
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q=UA(T, —To),

- = )

1

=3 1 L 1 .
R T+ () (-

= " (alA) (/1A) (azA)

ne UA =

n

n
[110oma BHYTPIIIHBOT TOBEPXHI TEIJIOOOMIHHHMKA THITY «TpyOa B TpyOi» (puc.4.1)
nopiaioe 27f;L, a mioma 3oBHIHBOI moBepxHi 271;L. Takum 4YHHOM, SIKIIO
CyMapHHI Koe]illieHT Teruionepeaaydl MpUBEACHUN 10 30BHIIIHBOI MOBEPXHI Ao, TO
1

A, ATn( /) 1 @)
Aa; 27AL a

UOZ

a SIKILO B1H MPUBEACHUI 10 BHYTPIIIHbOI MOBEPXHI Aj, TO

1
U. = . 3
T A A ©)
a; 27AL Ay,

Xoua Jj1sl peTeIBLHOr0 Ta CYBOPOT0 PO3paxyHKy HEOOX1/IHI 3HAUeHHS KOe(IIIEHTIB
TerJIonepeaayi, aKi OOYUCIEH1 JIJI1 KOHKPETHUX YMOB, JJIsl TIOMIEPEIHBO1 OLIIHKK YacTO
KOPHUCHO MaTu HaOmmkeHl 3HaueHHs U, TUMOBI a1 yMOB, IO 3yCTPIYalOThCS Ha
npaktuii. HeoOximHo BigMITUTH, IO B OaraThboX BHITQJKax 3HaueHHS U Maibke
MOBHICTIO BU3HAYAETHCSI TEPMIYHUM OMOPOM Ha OJIHIN 3 MOBEPXOHb PO3ALTY piIMHA —
TBEpJIE TLJI0, HAMPUKIIAJ, KOJU OJHUM TEIUIOHOCIEM € Ta3, a 1HIIUM — piauHa abo KOJIu
OJIMH 3 TEIJIOHOCIIB SIBJSiE COOOI0 KUIUIAYY PIAUHY 3 JyKE BUCOKHM 3HAUYCHHAM
Koe(ilieHTa TeIIOBiAaaui.

Sxio mpoBeneHi BUMIPoOyBaHHS 3 BUSHAUCHHS XapaKTEPUCTUK TEIIIO0OMIHHUKA 3
YUCTUMHU TOBEPXHSIMH, a TOTIM BHUIPOOYBaHHS MPOBENCHI 3HOBY IIICIS TOTO, SIK
YCTaTKyBaHHS TPOIPAITIOBAIO BIPOJAOBK JIESIKOTO 4Yacy, TO MUTOMHHA TEPMIUYHUN OITip

BiKIaiIeHHs (200 KoeiIieHT 3a0pyTHEHHS) MOKHA BU3HAYATH 13 CITIBBITHOIIICHHS:
1 1

R =— -~ 4
U, U @

ne U — koedimieHT Terionepenadi TEMIOOOMIHHUKA 3 YUCTUMHU TOBEPXHSIMU

Harpiy; U, — koediumieHT Temionepenadi TEIUIOOOMIHHMKA 3 3a0pyJHEHUMH
d
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HOBEpXHAMH; Ry — nuromuii Tepmiynuii onip BinkaaneHHs. Koedimientn 3a0pyaHeHHs

HaBseneHo B Tadn.4.1.

Ta6muig 4.1. 3Buuaiini koedilieHTH 3a0pyTHECHHS

Pinuna Koeoiuient 3a6pyasennst, Ry, m?-K/Bm
Mopcrka Boja:
amwxk4ge 325 K 0,00009
uille 325 K 0,0002
O6po0OeHa MmoXuBHA BOJIa B KOTJI1 BUIIE 0,0002
325K
Hadronpoaykru 0,0009
3arapToBa oJis 0,0007
[Tapu criupty 0,00009
BonsHa napa He 3a0pyaHEHa OJII€r0 0,00009
[IpomuciioBe MoBITPst 0,0004
XJtagareat 0,0002

Koedimientn 3a0pynHeHHS HEOOXiJHO BpaxOBYBaTH TakK, K II¢ ITOKa3aHO Ha

NPUKJIal HACTYIHOTO pIBHSHHS U CyMapHOTo KoedimieHta Tteruonepemadi Uy

HeopeOpeHux Tpyo:
1
Ud = ) (5)
1 R
—+R,+R, + i + _AO
Q : Q;
ne Uy — cymapuumii koediuient Ttermonepenaui, Br/(M*K); 3Bemenuit o

30BHIIIHBOI TIOBEPXHI TPYOH; ¢, — cepeaHiil Koe(ILIEHT TEeMIOBIAAaul Bl 30BHIIIHBOL
nosepxui Tpyou, Br/(M*K); a; — cepenniii xoedilliecHT TeruoBiamayi BHYTpilIHBOI
nosepxHi tpyou, Br/(M*K); R, — nuromuit Tepmiunuii onip 3a6pyAHEHHS 30BHILIHBOT

nosepxui Tpy6u, M*K/Bt; R — muromuii TepMiunmii onip 3a6pyaHEHHs BHYTPILIHBOT
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noBepxHi Tpyou, M>*K/Bt; R, — muromuii Tepmiuamii omip matepiainy tpy6u, M*K/BT;

Ay

—= — BIJHONIIEHHS TUIONII 30BHIIIHBOI MOBEPXHI TPyOHM a0 IUIONI ii BHYTPIIIHBOI

MTOBEPXHI.

Cepeonvoapugmemuyna pizHuys memnepamyp

VY Tenia000MIHHUKY y 3aralbHOMY BUMNAJAKY TEMIEPATYPH TEIIOHOCIS HE MOCTIiHI,
a 3MIHIOIOTBCS 3a JOBXKMHOIO, MO Mipi TOro SIK TEIJIO MEepPEaeTbcs BiJ Trapsyoro
TEIJIOHOCIS 10 XOJO0HOTrOo. ToMy HaBiTh IPH MOCTIHHOMY TEPMIYHOMY OIpY TYCTHHA
TEIJIOBOTO IMOTOKY OyJe 3MIHIOBAaTUCS MO XOAY MOTOKY PIAMHHU y TEMJIOOOMIHHUKY,
OCKIJTbKM 11 3HAQYEHHS 3aJICKUTh B PI3HULI TEMIEPATyp MIXK TapsiduM 1 XOJIOJAHHUM
TEIUIOHOCISIMH Y JaHOMY Tepepisi Teruiooominanka. Ha puc. 4.4 — 4.7 nokazaHo 3MiHY
TeMriepatyp abo B oJJHOMY, a00 B 000X TEIUIOHOCISX ISl IPOCTOTO KOKYXOTPYyOHOTO
terioooMinHuKa (puc.4.1). Bincranp Mk ABOMa CYHUIBHUMHM JIIHISIMH TPOTOPITiiHA

pizHuti Temnepatyp A7 Mix JBOMa TEIJIOHOCISIMH.

a g a g
T' T)‘Eﬂ
&
AT
Tso AT Tie SUX
T,
T.‘;ﬂ
0 A pom 0 A noan
Puc.4.4. Posnozin temnepatypu Puc.4.5. Posnoxin temnepatypu
B OJIHOXO0JIOBOMY KOHJICHCATOPI B OJIHOXO0JIOBOMY BHUTIApIOBaul

48



T}Eﬂ iy i, _dj_jz
AT T i Lheu
: AT AT,
. I e
: A
T W 14
€ 6X ) T dT,_.;
0 A now

Puc. 4.6. Po3nozin TemnepaTypu B 0OJIHOXOI0BOMY MPSIMOTOYHOMY

TEIJI000MIHHUKY
a rffT;».g &
Ther —¢ m,
"]
AT
a AT ﬂ:TS T
Too ¥ W/ AT
AT,
M,
‘__Em = T-'.? 1754
0 A non

Puc. 4.7. Po3noain teMrepaTypy B OJHOX0JI0BOMY MPOTUTOUYHOMY

TEMJI000MIHHUKY

Ha puc.4.4 nHaBeneHO BUIANOK, KOJW Tapa KOHACHCYEThCA 3a TMOCTIAHOI
TeMIlepaTypy, a THIIMKM TerIoHOCIH HarpiBaeThes. Ha puc.4.5 HaBegeHO BUIAIOK, KOJIU
piIHA BUIAPIOETHCS 3a MOCTIHHOIO TEMIIEPaTyporo, a TEIIO MEePEAAEThCS BiJl 1HIIIOTO
TEIJIOHOCIS, TEMIIEpaTypa AKOTO 3HUKYETHCS 10 MIpi IPOXOKEHHS TEMI00OMIHHUKOM.

Ha puc.4.6 mHaBegeHO po3moal TEMIIEPATypH s IPSIMOTOYHOTO TETUIOOOMIHHUKA, a Ha
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puc. 4.7 — it mpOTUTOYHOro. B /BOX OCTaHHIX BUNAAKaX HE BIIOYBAETHCS 3MIHU
arperaTHOro CTaHy pe4oBUHH. 3 puc.4.6 BUIHO, IO Y BUIMAJKY IPSIMOTOKY HE3aJEKHO
BiJl JOBKMHU TETNIOOOMIHHUKA KiHIIEBAa TEMIIEpaTypa XOJIOJIHOTO TEIIOHOCIS HIKOJH HE
MOXKE€ JIOCATHYTH BUXIAHOI TEMIEpATypH TapsAdoro TEIJIOHOCIS. 3 1HIIOI CTOPOHH, Y
BUMAJKy NPOTUTOKY KIHIIEBA TeMIepaTypa XOJOJHOTO  TEIUIOHOCII  MOXe
MIEPEBUIIyBaTH TEMIIEPATypy Ha BUXOJI Tapsdoro TEIUIOHOCIS BHACIIIOK HasBHOCTI
CIPUSATIIMBOTO MEpenay TeMIeparyp Mo BCiii JOBXKHUHI TeTNIOOOMIHHHKA.
Jl7is BU3HAUEHHS TEIUIOBOTO MOTOKY Y OYyIb-SIKOMY PO3TJISTHYTOMY BHUIIE BHUIAJKY
HEOOX1THO MPOIHTETPYBaTH PIBHSHHS:
dq = UdAAT (6)
0 BCIi IUIOII TMOBEPXHI, IO Biggae Terio 4 3a JOBXHHOK TEIIOOOMIHHHKA.
Slkmo cymaphuii KoedinieHt ternonepenadi U, mocriiiHuii, 3MiHa KiHeTHYHOI eHepril
HE BPaXOBYETHCA, a KOKYX TEIJIOOOMIHHUKA TEIJIO130Jb0BAaHO, TO PIBHSAHHA (6) JIErKo
MPOIHTErPYBAaTH JJIs1 BUMAJIKIB MPSIMOTOKY Ta MPOTUTOKY. PIBHSHHA TEII0BOro OanaHcy

1 eneMenTapHoi wiomi dA mac BUIIIs:

dg = —mhcpthh = imccpchC =UdA(T,, —T.), (7)
fe M — MacoBa BUTpaTa, Kr/c; C, — MHTOMA TEIIOEMHICTb MPH IOCTIHHOMY

tucky, Jx/kr-K; T — cepenHbomacoBa TteMmiieparypa temionocis, K. Iagekcu h ta €
BIIHOCSITBCA 70 Tapsidoro Ta XOJOJAHOTO TEeIUIOHOCIS BIAMOBIAHO, 3HAK «+» Y TPEThOMY
YJICHI PIBHSHHS BIJANOBIJIA€ MPSMO TOKY, a 3HAK «-» — MPOTUTOKY. SIKIIO muUTOMAa
TEIJIOEMHICTh TETUIOHOCIIB HE 3aJIeKUTh BIJl TEMIIEPATypH, MOXKHA 3alCcaTH PIBHSIHHS

TEIUIOBOr0 0ajaHCy BiJ BXIJHOTO TMepepidy A0 AOBUIBHOTO MOMEPEYHOro Mepepizy

TerI000MiIHHHUKA
Ch (Th _Th,ex) :Cc(Tc _Tc,sx)’ (8)
ne C, = My,C,,, — BUTPATHA TEIUIOEMHICTH rapsoro Teruionocis, Br/K; ¢, =mcC .
— BUTpPATHA TEIJIOEMHICTb X0J0JHOTr0 TeroHocist, BT/K.
Bupinrytoun piBHsiHHS (8) BiTHOCHO Th, OTpUMAEMO
c
Th=Tha = (T =T, 0) ©9)

Ch
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3BIIKHU
c C
T, -T,. = —£1+ —CJTC + T o + T (10)
Ch Cn '

[TincraBnsroun Bupas (10) y piBHsHHS (9) Ta TiCI ASIKUX TIEPETBOPEHL MAEMO:

dT UdA

c

- |.l+ (CC/Ch )Tc + (CC/Ch )Tc,sx +Th,3xj - Ce

[arerpyBannst piBHAHHA (11) 3a BCi€l0 MOBKHHOIO TEIIOOOMIHHHMKA (TOOTO Bif

(11)

A=0 10 A=A,,) 1a€ HACTYITHUM BUPA3:

In{_[l+(CC/Ch)Tc,6ux]+(CC/Ch)Tc,sx +Th,gx}:_[ 1.1 JUA’

—[1+(c. /ey )]Tc,gx +(Ce /)T g + T

SIKM MOYHA CIIPOCTUTH:

1+(c./cy)NT. .. —T + T — T
( ( C/ h))( c,6x C,eux) h,ex cex | _ i n i UA . (12)
Th,gx - Tc,6x C. Ch
3 piBHsHHS (&) AJ14 MOBHO1 JOBKHUHH TEIJIOOOMIHHUKA OTPUMYEMO BHpPa3:
C T sux T 6x
£ = M (13)
Ch Tc,eux o Tc,ex

AKUA MOKHA BHKOPHUCTOBYBATH, WHIO0 BHUKIIOUUTH BHUTPATHI TEIMJIOEMHOCTI 3

piBHstHHS (12). [Ticns geskux nepeTBOPrOBaHb MAEMO:

T 6uUx —T 6UX UA
In( -F;Lgx _Tzzgx J = [(Th,eux _Tc,eux)_ (Th,ex _Tc,gx )]F’ (14)

_TC,ex): Ch (Th,ex _Th,eux)

Hexait T, — T, = AT, Toni piBusiHHs (14) MOXHa 3aIMCaTH y BUTIISII

AT, — AT,
IN(AT, /AT,)’

OCKIJIbKH ( = C, (T

C,6Ux

g=UA (15)

1e 1HAeKcH «a» Ta «by BiTHOCATHCS BIMOBIIHO J0 PI3HUIL TEMIIEPATyp Ha BXOJI
Ta BUXO/II TermtooOMiHHUKa (puc.4.6, 4.7).

Ha mpakTuiii 3py4HO BUKOPUCTOBYBATH CEPEHIO €DEKTUBHY PI3HUIIIO TEMIIEPATYP

AT JJI BCBOTI'O TCHHOO6MiHHI/IKa, 1O BU3HAYA€THCS HACTYITHUM YNHOM:
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q =UAAT. (16)
[TopiButoroun piBHsSHHS (15) Ta (16), 3HaxXOmMMO, MO MJIS TPSIMOTOKY abo

IPOTUTOKY

— AT. —AT
AT = a b _
In(AT, /AT,)

17)

Benmnunna AT Mae Ha3By cepeaHboJOrapuGMidHOI pi3HHIN Temreparyp. Takok
BOHA BUKOPUCTOBYETHCS y BUIAJIKY, KOJIM TEMIIEpATypa OJTHOTO 3 TEINIOHOCIIB MOCTIiTHA

uc.4.4, 4.5). Koom m.,, =m.C pI3HULISL TeMIepaTyp y BHOAAKY HPOTUTOKY
p h*ph c

pc>
NpuiiMae MOCTiMHE 3HAYCHHS 1 AT =AT . = AT, . Sxmo pisnung temneparyp AT, He

oinpmr Hixk Ha 50% mnepesuntye AT, To cepeanposorapudMiyHa pi3HUI TEMIIEPAT
P y 6 Y P p patyp

BIIPI3HSAETHCS BiJI AT He Outemn, HXXK Ha 1% Ta Ti MOXHAa BHKOPUCTOBYBATH JIJIst
CIPOLIEHHS PO3PAXYHKIB.

JIyist TeTI00OMIHHUKIB OUTBIN CKIAAHUX THIIB, TAKHX SIK KOKYXOTpYOHI amapartu 3
JEKUIbKOMa XOJaMH Yy TpyOHOMY IMy4YKy Ta Yy MDKTpYOHOMY WIpOCTOpi, JUIst
MPOTUTOYHUX TEIUIOOOMIHHMKIB 13 TMOTOKaMH, IO TEPEMIIIyIOThCS Ta HE

MEePEMINTYIOThCSI, BU3HAYEHHSI CEPEHBOI PI3HUII TEMIEpaTyp € CKJIAJHOI0 33Javero.

3BUYaiiHa METOJMKA PO3PAXyHKY MOJIArae y Moaudikaiii mnpocToro BUpasy s AT 3a
JIOTIOMOT'O0 TIOTIPaBOYHUX KOe(DIIIEHTIB, IO MPECTaBIeH] y BUTIIAA1 aiarpam. Ha puc.
4.8 — 4.11 naBeneHo 4dotwpu Taki miarpamu. [lo Bici opAaMHAT KOXHOTO Tpadiky
BIIKJIaJICHO TompaBouHuid koeditieHT F. [ oTpumaHHS CHpaBKHBOI CEPeaHBOT

pi3HMII TemmepaTryp s OyIp-KOro 3 LHX anapaTiB HEOOXIIHO pPO3PaxXyHKOBE

sHaueHHst AT U1 MPOTUTOKY TIOMHOYKHTH Ha BiAMOBIIHUI MOMPABOYHHIA KOE(IIli€HT,

TOOTO
AT cnp,cep — AT F . (18)
[To Bici aGcruc BiAKIAEHO BIAHOMIEHHS PI3HUIIH TEMIIEPATYP
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Tt 8uUx _Tt 6x
P= #, (19)
s,6x  't,ex

ae 1HAaeKcu «t» 1 «S» BITHOCATHCA A0 TEIUIOHOCIIB B TpyOax Ta y MIKTpyOHOMY
MPOCTOPi, a IHIEKCH «8X» Ta «6UX» BU3HAYAIOTH YMOBHM Ha BXOJl Ta Ha BHUXOMl 3
TEIUIO0OMIHHUKY BiJMOBIIHO. BimHomeHHs P xapakTepusye ¢(eKTUBHICTh HarpiBaHHSI
ab0 0XOJIO/KEHHS 1 MOKE 3MIHIOBATHUCS BiJl HYJIS 32 MOCTIIHOIO TEMIIEpaTypoIo OJHOTO
13 TEIUIOHOCIiB JO OJMHHUII Yy BHUIAAKYy, KOJM TeMIepaTypa Ha BXOJl TIaps4yoro
TEIJIOHOCIS TIOPIBHIOE TEMIIEpATypl Ha BUXO/1 XOJIOAHOro TemioHocis. [lapamerp Z, mo
XapaKTEepHU3y€e OKpeMI KpHBI, JAOPIBHIOE BIJHOIICHHIO JOOYTKIB MAacOBHX BHTpaT Ta

TEIUIOEMHOCTI JBOX TEIUIOHOCITB M;C / M,C s - Lle BITHOIICHHS TaKOX NOPIBHIOE 3MiHi

TEMIIEpaTypu TEIUIOHOCIT y MDKTPYOHOMY TIpPOCTOpi, TMOJIJICHOMY Ha 3MiHY

TEeMIIepaTypHu TEIJIOHOCIA B TpyOax:

_ thpt _ Ts,gx _Ts,eux (20)
m.C T o — T

s“ps S, 6UX

,8X

[Ipu BuUKOpHUCTaHHI MOMPABOYHUX KOE(DIIIEHTIB HE Ma€ 3HAYEHHA i€ Teue MOTIK
rapsidoro TEIJIOHOCIA: Y MLKTpYOHOMY MpocTopl abo B TpyOax. Skimio Temmeparypa
OJIHOTO 3 TEIUJIOHOCIIB 3aJMIIAEThCS HE3MIHHOK, HAaNpsM Te4ii HEe Ma€ 3HA4YeHH,

ockinbku F nmopiBHIOE 1, 1 B po3paxyHKaX MOKHAa BHUKOPHCTOBYBATH O€3MOCEpPEIHBO

sHaueHHs AT .
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Puc.4.8. TTorpaBounwii koedirieHt g0 3HadeHHss AT , po3paxoBaHOIO y BHITAAKY
MPOTUTOKY JJISl TETUIOOOMIHHMKA 3 OJTHUM XOJIOM Y MIXXTpYOHOMY MIPOCTOpI Ta 3 IBOMA

a00 KpaTHHUMH JI0 IBOX XOMAIB y TPyOHOMY MyUKy
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Puc.4.9. TTonpaBounuii koedimieHT 10 3HadeHHss AT , po3paxoBaHOro y BHIAAKY
MPOTUTOKY JIJIS TETJIOOOMIHHHUKA 3 JBOMA XOJAaMH Y MDKTPYOHOMY MPOCTOP1 32 YUCIOM

XOJIIB y TPyOHOMY IyUKY, SIKE€ KpaTHE JABOM
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Puc.4.10. TTonpaBounuii koedirient a0 3nadeHdss AT , po3paxoBaHOTO y BUMIAIKY
MPOTUTOKY JJI TEIJIOOOMIHHUKA 3 IEPEXPECHUM TOKOM; OJIMH TEIIOHOCIH Yy
MDKTPYOHOMY MPOCTOP1 MIEPEMITITYETHCS; IHIIUNA — HE TIEPEMIINITYETHCS; OIUH X0 Y

TpyOHOMY MyYKYy
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Puc.4.11. ITonpaBounwmii koedimieHT 10 3HaueHHs AT , po3paxoBaHOTO y BUIAIKY

MPOTUTOKY JJIS TETFIOOOMIHHUKA 3 TIEPEXPECHUM TOKOM; OOUIBI PIAVMHU HE

MEePEMIITYIOTHCS; OIMH XO/1 Y TPYOHOMY IyUKY
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3adaua 1. BuszHauuTu 110y TEIUIONEpeIaBalbHOI MOBEPXHI TEIJIOOOMIHHHUKA,
dAKa HEOoOXiJHA i1 OXONOMKEHHA 95%-ro po3umHy ertmioBoro cnupry (c,=3810
Loc/ke-K) Big 338,6 K no 312,4 K motokoMm Boau mpu TemmepaTypi Ha Bxoai 283 K.
Tenao0O0MIHHUK BUTOTOBJICHO 3 TpYyO 13 30BHIMIHIM AiameTrpoMm D, m, BUTpatu cupTty
mn, ke/c, BUTpaTH BomM M, ke/c. BBaxaerbcs, MmO CcyMapHuUid KoedirmieHT
TEIIoNnepeadi, BiHECEHUH 0 30BHIIIHLOT MOBEpXHi TpyOu, mopieHioe U, Bm/m* K.
PosrnsaHyTH KokHE TEII000MiIHHE 00JIaJHAHHS 3 PI3HUMHU CXEMaMHM Tedii TeTIOHOCITB:

a) MPSMOTOYHHUH TETJIOOOMIHHUK;

0) MPOTUTOYHUHN TEIIIOOOMIHHUK;

B) IPSMOTOYHO-TIPOTUTOYHUHN TEIJIOOOMIHHUK 3 JIBOMAa XOJaMU y MIXTPYOHOMY
npoctopi Ta 72 TpyOaMH y MyuKy; COUPT T€4e y MDKTPYOHOMY IMpPOCTOpi, BoAa — MO
TpyOam;

I') IEPEXPECHOTOUYHUN TEMJIOOOMIHHUK 3 OJIHUM XOJIOM y TPyOHOMY MPOCTOpi Ta
OJJHUM XOJOM Y MDKTpYOHOMY TMIpOCTOpPl, pIIMHA Y MDKTpYOHOMY MpOCTOpI

MEePEMIIITYE€ThCS.

Ilopsaook po3paxynky.

a) TeMImeparypy BOAM Ha BUXOAl Uil OyAb-fKOi 3 UYOTUPHbOX CXEM
TETUIOOOMIHHUKIB MOXXHA BHU3HAYUTH 13 3arajbHOrO PIBHSIHHS TEIJIOBOTO OallaHcy y
MPUMYIIEHHI, 1[0 TETJIOBUMU BTpaTamMu y aTMoc(hepy MOKHA 3HEXTYBaTH.

3anucyeMo piBHSIHHS TEIJIOBOTO OajaHCy:
mhcph (Th,ex - Th,@ux) = rnCC pc (Tc,gux - TC,ex )

[TincTaBndro4un B OCTaHHE PiBHAHHA BUXIAHI JaHi, OTpEMaeMo T . .

TennoBui MOTIK BiJ COIUPTY 10 BOJU JOPIBHIOE:
q = thph (Th,ex _Th,eux )’ Bm.

3 piBHstHHSA (17) 17151 IPSIMOTOKY 3HAXOAMMO AT :
AT, — AT,

AT = .
In(AT, /AT,)

3 piBasiHHS (16) BU3HAYa€EMO IUIONTY TEIUIONEPEaaBaIbHOI MTOBEPXHI:
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Am_d
UAT

3HAWIOBIIM IUIONIY TMEpeNaBajbHOI IMOBEPXHI, OLIHUTH, YU MOXKIUBO

BUKOPUCTOBYBATH TETI000OMIHHUK 3 PO3paxOBaHUMH reOMETPUUYHUMU
XapaKTepUCTHUKAaMH Ha MPaKTHUL.

0) I amapary 3 TPOTUTOKOM CEpeIHS PI3HUIS TeMIlepaTyp JIOPIBHIOE

AT =T, . -T

- OCKUIBKHU MpCpp = MCpe.

Heo0xiany mionty moBepXHi 3HaX0AUMO 3a PiBHIHHAM (16).

Po3paxoBaHy 1monly TOBEpXHI TMOPIBHIATH 3 IUIONICK, HEOOXITHOKW st
MPSIMOTOYHOTO TETIO0OOMIHHUKA.

B) A MNPSAMOTOYHO—TIPOTUTOYHOTO amapary BIJMOBITHA CEPEIHs PIZHUILA

TEMIIEpaTyp PO3PAXOBYEThCS 3a JOMNOMOIOK MOMNPABOYHOrO KOE(ILIEHTY, IO

BU3HAYaeThCs (puc.4.9) npu cepeHiil TemMneparypi st IPOTUTOKY:

. Tt,eux _Tt,gx
- )
Ts,sx _Tt,gx

a BITHOILICHHS BUTPATHUX TEIUIOEMHOCTEHN TEIIOHOCIS TIOPIBHIOE:
_m.c,,

= :
M, Cph

3 niarpamu Ha puc.4.9 3Haxoaumo F, a moia nepenaBaabHO1T MOBEPXHI TOPIBHIOE

BIIHOIIICHHIO TIJIOIII MepeIaBaIbHOl MOBEPXHI ISl IPOTUTOKY 110 F:

A _ npomumok

F
JIoB>KMHA TEIUIOOOMIHHUKA 3 CIMIECATH ABOX TPYO 13 30BHIIIHIM JiameTpoM D, u,

110 BCTAHOBJICHI MapaJieJIbHO, JOPIBHIOE:

_AlT2
7-D°

OuiHUTH, YU TIPpUHUHATHA 3HAWICHA JOBXKWHA TEIJIOOOMIHHUKA JJIS MPAKTUYHUX

L

LIJIEH.
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r) Jasd amapaTy 3 MepexpecHUM TokoMm (puc.4.2), monpaBoYHHN KoedilieHT

(puc.4.10).

BU3HAYAETHCS 3  JiarpaMu
TEIJIONEePEaBaIbHOT MOBEPXHI
TEIUIONepeiaBajbHOl  TTOBEPXHI

3HalaeHoro koedimieHty F.

IUTS

Taxum

JOpPIBHIOBATHME

MPpAMOTOYHO—IIPOTHUTOYHOI'O

[TopiBHSTH 3HAlEHY TIOUTY 3 MOMEPEIHIM BUIAIKOM.

Bxinni nani 10 3agaui 1

YUHOM,

HeoOX1qHa

BITHOIIIEHHIO

No Me, K2/c My, xe/c D, m U, Bm/m*K
1 6,3 6,93
2 6,0 6,5 568
3 5,7 6,0 0,0254
4 5,0 55

505
5 487 51
6 6,5 7,2

570
7 6,3 6,93
8 6,0 6,5 0,03
9 5,7 6,0 600
10 5,0 55
11 487 51
12 6,5 71,2 500
13 6,3 6,93 0,02
14 6,0 6,5

568
15 5,7 6,0
16 5,0 55

530
17 4.87 51
18 6,5 7,2 0,033
19 51 55 510
20 6,3 6,93
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Jlooamox 1

Tennoghizuuni énacmueocmi memais

Meman p, ke/m® | Cp, Jouc/k2¥C | J, Bm/mK | h, k/lorc/z T, K
Hep)KaBiro4ya CTajlb 7550 675 20 280 1750
YHUCTE 3aJ1130 7870 675 31,6 250 1753
cipuii 4aByH 7570 690 19,2 240 1763
BYTJICIICBA CTAJTb 7400 691 22,36 270 1773
XpOMOBA CTajlb 7650 680 38,1 300 1723
XPOMOHIKeJIeBa CTalb 7830 680 28,2 320 1743
Hooamok 2
Baacmueocmi nosimpsa npu ammocghepuomy mucky
T,K | t°C| p, |p103 Cp, A a-10° | u-10° | v-10° 9p 108
ke/m® | 1K | duc/xeK | Bm/mK | m%c | He/m? | m%/c v ,
NKM)

2173 0 |1,252 | 3,66 1011 0,0237 | 19,2 | 17,456 | 13,9 1,85

293 | 20 | 1,164 | 3,41 1012 0,0251 | 22,0 |18,240 | 15,7 1,36

313 | 40 | 1,092 | 3,19 1014 0,0265 | 24,8 | 19,123 | 17,6 1,01

333 | 60 | 1,025 | 3,00 1017 0,0279 | 27,6 |19,907 | 194 0,782

353 | 80 | 0,968 | 2,83 1019 0,0293 | 30,6 |20,790| 21,5 0,600

375 | 102 | 0,916 | 2,68 1022 0,0307 | 33,6 | 21,673 | 23,6 0,472

500 | 227 | 1,378 | 2,01 1038 0,0386 | 452 | 29,37 | 32,7 0,012
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Bracmueocmi é00u npu mucky nacuuenus

Hooamok 3

T, | t, p, | p103 Cp, 2 a10% | u10° |v105 | pr %'10_8

K | °C | kem® | UK | JIwc/ke'K | Bm/mK | m*c | He/m? | m%c V2 ,
/Kw)

273 | 0 |999,3| -0,7 | 4226 0,558 |0,131| 1784 | 1,789 | 13,7

293 | 20 |998,2| 2.1 4182 0,597 | 0,143 | 993 |1,006| 7,0 2,035

313 | 40 [992,2| 3,9 4175 0,663 | 0,151 | 658 |0,658| 4,3 8,833

333 | 60 |983,2| 53 4181 0,658 | 0,159 | 472 |0,478 3,00 22,75

353 | 80 |971,8| 6,3 4194 0,673 |0,165| 352 |0,364(2,25| 46,68

373|100 |958,4| 7,5 4211 0,682 | 0,169 | 278 |0,294 (1,75 85,09

Hooamok 4
Baacmueocmi pmymi

T, | t, p, | p104 Cp, VN al0’, | wl0*, | v10° | Pr a9 1070

K | °C | kem® | UK | we/xe'K | Bm/mK | m%c | He/m? | m%c V2 ’
/KW)

273| 0 |13628 140,3 8,20 | 49,9 | 16,90 | 0,124 | 0,0288

293 | 20 | 13579 139,4 8,69 |46,06 | 15,48 | 0,114 | 0,0249

323 | 50 | 13506 138,0 9,40 |50,22 | 14,05 | 0,104 | 0,0207

373|100 | 13385 137,3 | 10,51 |57,16 | 12,42 | 0,093 | 0,0162

123 150 | 13288 | 1365 | 11,49 |6354 | 11,31 |0,085]0,0134 8

473|200 | 13145 157,0 | 12,34 | 69,06 | 10,54 | 0,080 | 0,0116

523 | 250 | 13026 135,7 | 13,07 | 74,06 | 9,96 |0,077 |0,0103

588 | 315 | 12847 134,0 | 14,02 |8150| 8,65 |0,067 | 0,0083
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