MHWHOBPHAYKHN POCCHUM

denepanbHOe rocy1apcTBeHHOE 0I01KeTHOE 00pa30BaTeIbHOE
yupeskaeHue BbICIIEro 00pa3oBaHus

«TyJabCKUN rOCYyAAPCTBEHHbIN YHUBEPCUTET»

NHTEepHeT-UHCTUTYT
HonuTexHUYeCKUl HHCTUTYT

Kadenpa « ABroMmoOmIM 1 aBTOMOOHMIIEHOE XO3SIHCTBOY

TPAHCIIOPTHASA DHEPI'ETUKA

Meroandeckue ykazaHus W 3aJIaHuE K
KypCOBOH paboTe

Hanpasnenue noarotoBku: 23.03.01 «TexHOI0THS TPAHCHOPTHBIX MPOLIECCOBY

HpO(i)I/IJIB IIOAT'OTOBKH. OpFaHI/ISaHI/I}I 1 0€30ITaCHOCTh AOPOKHOI'O ABHIKCHHA

[Tpoduns noaroroBku: Opranu3zaius NEPEBO3OK U yIpaBiIeHHE Ha aBTOMOOMIIBHOM
TPaHCIIOPTE

KBanmudukanus (cTeneHs) BHITYCKHUAKA: OaKagaBp

Tyna 2015 r.



MeTtoauueckue yka3aHusi COCTaBJIeHbI 1.T.H., ipod. M.IO. Enaruneim u

oOcyX/IeHbl Ha 3acenanuu Kageapel AMAX < e
[Tporokoa Ne 10 ot « 22 » uronst 2015 1.
/g
3aB. kadempoit & N.E. Arypees

MeToaudeckne yka3aHHs TIEPeCMOTPEHBI W YTBEPXKICHBI HaA 3aceJaHUH
kadenpsl AnAX.

ITpoTokon Ne 4 ot « 28 » HOs0pst 2018 1.

3aB. kadeapoit N.E. ArypeeB



1. TexHu4yeckasi TepMOJAMHAMHUKA.

Pacuer razosoro uukia
[{uki oTHeceH K 1kr Bo3ayxa. [IpuHumaem:

C, = 1,005 xJx/(xr-K);
C, = 0,718 xJIx/(kr-K);
R =287 Ix/(xr-K)/

TpeOyercs:
1) ompenenuth mapameTpsl p, v, T, u, h 1711 OCHOBHBIX TOYEK ITUKIIA;
2) MOCTPOWTH IMKI: a) B KOOpAWHATAX P-v, 0) B KoopauHatax T-s.

Kaxxnpril mpouecc A0mKeH ObITh OCTPOEH MO ABYM — TPEM MPOMEKYTOUYHBIM
TOYKaM;

3) HaiiTu n, c, Au, Ah, As, q, | 1 Kaxxaoro npouecca, BXOJAIIETO, B COCTAB
LUKJIa;

4) onpenenuth pabory nwmkiIa l,, TepMHUYECKWH K.I.JI. W CpeaHee
WHJMKATOPHOE JABJIECHUE Dj;

5) monyudeHHbIE pe3yabTaThl MOMECTUTD B Tabaunax 1 u 2.

HpI/IMeanI/ICZ JaHHBIC K 3aJaHNI0O COCTABJICHBI B BUJAC TUKJIIOB, H306pa}KeHHBIX
B KOOpJAHWHATAaxX p-Vv, oe3 yucTa MacmTa6a, B COOTBETCTBHH C HOMCPOM BapHUaHTa.

Tabmura 1
Touku p, aT Vv, M*/KT T, K u, x/x/kr | h, xJ[K/Kr
1
2
3
4
Tabmura 2
Iporuec n c, Au, Ah, As, qs 1,
CBI kJbx/kr | xkx/kr | xJbr/kr | kJDk/kr | KJD/kr | kJDK/KT
1-2
2-3
3-4
4-1
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Metoanuyeckue ykazanus. [Ipu pacuerax cuntarh BO31yX HJI€aIbHBIM ra3oM, a
€ro CBOMCTBA HE 3aBUCALIUMH OT TEMIIEPATYPBHI.

B kadecTBe npumMepa nmpuBeIeH pe3ybTaT pacuera Bapuanta Ne29.

1. Onpexnenenue napaMeTpoB p, v, T, u, h 1J1s1 OCHOBHBIX TOYEK IUKJIA;
v, =RT,/p, =287-(0+273)/(1-98100) = 0,799 m> / kT

AnmabaTHsii mporecc 1-2

K K 1,4
k-1 k-1 141
Py (Lt o [ T2 [ Zogigo.[ OO 2T3) 14T 490955 1
o LT, T (0+273)

v, =RT, /p, =287-(160+273)/492955 = 0,252 m° / kr

N3oxopHb1i npouece 2-3
Vi =V, =0,252 M /kr

N3o6apusblit iporiece 4-1

ps =p; =98100 I1a
v, =RT,/p, =287-(65+273)/98100 = 0,989 m° / kr

[TonutponHusiil mporecc 3-4

1,3
0983) =580234 Ila

n n \%
P3V3 =DPy4Vy 5 P3 =p4(v—4j 298100(
3

T, =pyv; /R =580234-0,252/287 = 509 K

b

3HaveHus yAenpbHOU BHYTpeHHEH sHepruu (u) u sHTanbmmn (h) onpenenuM mo
ypaBHeHusM: ui=c, T;, h=c,T;

[TommyueHHbIe pe3ybTaThl IOMECTUM B Tabuuily 1

Tabmura 1
Toukn p, Ila Vv, M°/KT T, K u, kJbx/kr | h, kJ[K/Kr
1 98100 0,799 273 196 274
2 492955 0,252 433 311 435
3 580234 0,252 509 365 512
4 98100 0,987 338 243 340




2. Haxoxnpenme n, ¢, Au, Ah, As, q, | ama xaxaoro mporiecca, BXOJISIIETO,

COCTaB IIUKJIA;
TemmoeMkocTh aguabaTHOTO Mporiecca pasHa

TennoeMKocTh MOJUTPOITHOTO Ipouecca 3-4 paBHa

n—1<_071813 14 0239KI[>K

n—1 1,3-1 kr-K

C3 4 =Cy

N3menenune sHTpONUY, TETUIOTa U paboTa OTACIBHBIX MPOIECCOB

B

ITpouecc 1-2
As=0, q=0, 1=—Au=—_1152%
KT
ITponecc 2-3
As=c,In2 = 071812 — 0,116 % 1_0 q=Au =540
T, 433 kr-K KT
[Tponecc 3-4
As = c-1n¥— 02391038 =, 098 Kﬂ’K g =c-(T, =Ty) =—0,239(338—509) = 412
3 : KT
l:l(T4—T3)—0287 _163KI[>1<
I-n 1- KT
ITpouecc 4-1
As=c, AL = 1,005 22> = 0,214 X9 |- py —v,) =
, 338 kr-K’
98100-1072(0,799 — 0,987) = —18 -~ KH’K ,q=c,(T; —T,) =1,005(273 - 338) = —65 AL
KT
[TpoBepku
JInst OTAENbHBIX MPOLECCOB ( = Au +1
Tabmura 2
TTponeccs n c, Au, Ah, As, q, 1,
k/b/kr K | kJbx/kr | x/Dx/kr | kJDx/xr | kDr/Kr | kJDK/KT
1-2 1,4 0 115 161 0 0 -115
2-3 400 0,718 54 77 0,116 54 0
3-4 1,3 | -0,239 -122 -172 0,098 41 163
4-1 0 1,005 -47 -66 -0,214 -65 -18
ZAui ZAhl ZASI qu 211
0 0 0 30 30




3. IlocTpoenwne nukia: a) B KOOpAUHATAX P-V, 0) B KoopauHarax T-s.
[TpoMexyTOYHbIE TOUKH HAXOAATCS CIEIYIOIINM 00pa3oMm:
- p-v auarpaMma, aanaOaTHBIA WIH MTOJUTPOITHBIA MTPOILIECCHI

n
\%
p; =p1(—1] , TOe V; BblOMpaeTcsi B HHTepBayie (Vi-V,) MPOU3BOIBHO, a Pj
Vi

pacCUUTHIBAECTCS U T.1.,
- T-s qmarpamma, u300apHbIi, H30XOPHBIN, TTOJTUTPOITHBIN MTPOIECCHI

T; T; T;
Asyi =c, ln?l,AsVi =c, ln?1 ,As,; =c-In—-, rae T; BbIOMpaeTcs B HHTEpBaje
1 1 1

(T,-T,), a As; paccUMTBHIBaETCA U T.]I.
Touka 1 Ha T-s nquarpamme BbIOMpPAETCS MIPOU3BOJIBHO C PACUETOM IOJIYUYEHUS
BCEX MOCTPOCHUH B MPABOCTOPOHHEHN MOJIOKHUTEIHHOM CUCTEME KOOPMHAT.

P kNa Tk

600

500 b 600 ¢+

foo 1
400 +

300
300

280
200 1

D ne

100
6,7 62 s ke K

+ t + + t +
02 oY c6 o8 1,0/

p-V Iuarpamma T-s nuarpamma

4. Onpenenenue paboTel nMKIA l;, TEPMUYECKOTO K.II.J. U CPETHErO
WHJIMKATOPHOTO JABJICHUS P;.

| | |
lu:ZIi:30Kﬂmant:—uzi=0,3l6,pi: 1 _ 11 _
KT q; 54+41 Viax — Vmin V4 — V2
30 =40,8 xIla

(0,987 —0,252)

rac q; - CcymMmma BCEX TCIIJIOT CO 3HAKOM +.
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2. Teopus Temioo0mMeHa.

3apmauya 1. [lnmockas cranmpHast cteHka toiuHon O; (4;=40 B1/M-K) ¢ onnoi
CTOPOHBI OMBIBAETCSl ra3aMu; MPU 3TOM KOI(PPUIUEHT TeruiooTnauu paBeH ;. C
ApYyroi CTOPOHBI CTEHKAa W30JUPOBaHA OT OKPYXKAIOMIETO BO3AyXa IUIOTHO
npuieraroned K Hel miactuHou tonmmHon o, (A4,=0,15 B1/M-K). Koaddumuent
TEIJIOOTJAA4YH OT TUIACTHHBI K BO3JYXYy paBeH «,. OnpenenuTth TEIIOBOM MOTOK (¢,
Br/M® U Temmeparypsl f, f, U f; TOBEPXHOCTEH CTEHOK, €CIIM TeMIepaTypa
NPOAYKTOB CTOpaHUs paBHA f,, a BO3AyXa - f,. JlaHHBIe, HEOOXOAMMBIE ISl PEIICHUS
3a/1a4u, BBIOpaTh U3 TaoI. 1.

Tabmura 1
[Mocnenuss o, a, t., |Ilpenmocnenssst | &, Mm a, t,, °C
undpa wudpa | mm | Br/m-K | °C | nudpa mmdpa Br/m-K
0 5 35 350 0 10 5 30
1 6 45 400 1 12 6 25
2 7 40 370 2 14 7 20
3 8 30 350 3 16 8 15
4 9 35 330 4 18 9 10
5 10 25 300 5 20 10 5
6 6 42 380 6 22 9 0
7 5 30 320 7 24 8 -5
8 3 34 400 8 26 6 -10
9 4 38 280 9 28 5 -20
Memoouueckue ykazanusi:
Hcmonp3yercss  MCXOAHAs ~ CHCTEMA  ypPaBHEHWM,  XapaKTEpPH3YHOIUX

CTallMOHAPHYIO TEILIONPOBOAHOCTh YEPE3 MHOIOCIOMHYIO IUIOCKYIO CTEHKY IpH
3a1aHHBIX rpaHnyHbIX ycnosusx Il pona:

q =0(](t2 —17),

A1
=Lt —ty),
q 51(1 2)

Ao
=22ty —t3),
q 52(2 3)

q =0(2(l‘3 _te)-

3apnaua 2. Bo3gyx Teder BHYTpU TpyObl, UME€sl CPEIHIOI TEeMIEparypy f, ,
nasnenne p;=100 kIla u ckopocts w. Onpenenuts KO3PPUIUEHT TEIIOOTAAYH OT
TpyObl K BO31yXy (;) , @ TakkKe yAeNbHbIA TEIJIOBOM MOTOK, OTHECEHHBIH K 1M
JUIMHBI TpyOBl, €CJAM BHYTPEHHUN 1uamerp TpyObl d;, TommuHa €€ O W

11




teronpoBoaHocTs  A=20 B1/M-K. CHapyxu TpyOa OMbIBaeTCsl rOpSYMMH ra3aMu.
Temmneparypa u k03h(UIMEHT TEMJIOOTAAYM TOPSYMX Tra30B, OMBIBAIOIIUX TPYOy,
COOTBETCTBEHHO paBHBI f, «,. JlaHHble, HEOOXOIWMBbIE ISl pEHICHHUS 3aJayH,
BbIOpaTh U3 Tal:. 2.

Yka3zanue. HeoOxoaumble naHHbIE Ui OMpEENEHUS «; B3ATh U3 Tadm. |
IIPUIIOKEHUMN.

Tabnuia 2
[ocnenuss t, °C a, w, | Ilpenmocnenuss | t, °C d;, | S5, MM
mudpa mudpa Br/m-K | M/c nudpa mudpa MM
0 500 20 10 0 150 70 3
1 550 20 9 1 200 80 5
2 600 40 6 2 180 60 4
3 650 50 8 3 100 40 3
4 700 40 10 4 150 20 2
5 750 60 12 5 200 50 3
6 800 50 14 6 250 80 5
7 780 40 16 7 200 60 4
8 740 30 18 8 150 40 3
9 520 20 20 9 100 20 2

Memoouueckue ykazanusi:

JUis  BBIHY)KJIEHHOM KOHBEKUMH BHYTPU LMIUHAPUYECKOW TpyObl mpu
HaxO0XJACHUU 0,; UCTIOJIB30BATh KPUTEPUATIbHYIO 3aBUCUMOCTD BUJIA:

0,8 p..0,43
Nuy =0021Re;” Pr7" .
f foor
BenuunHy MTUHENHOW MIIOTHOCTU TEIJIOBOTO MOTOKA ONMPENEIINUTD 110 YPABHEHHIO
TEIUIONEPENAYN I LUINHIPUYECKOW CTEHKU IMMPH 3aJaHHBIX TPAHUYHBIX YCIOBHSIX
III pona.

3agauva 3. Onpenenutrs NMOTEPU TEIUIOTHI B €AWHUIYY BPEMEHU C | M JJIMHBI
TOPU30HTATIBLHO  PACTOJIOKEHHONW  IUJIMHIAPUYECKOW  TpyOBl,  OXJaKaaeMou
CBOOOJHBIM TTOTOKOM BO3/yXa, €CJIM TeMIlepaTrypa CTEHKH TPYyObl f., TeMreparypa
BO3/lyXa B MOMEIIECHUU f,, a auameTp TpyoOnl d. CreneHp 4epHOTHl TpyOsl £=0,9.
JlanHble, HEOOXOIUMBIE JIJIsl pelIeHUs 3a/1a4H, BBIOpaTh U3 Tabd. 3.

Ykazanue. HeoOxomuMmble maHHBIC IS OMpeAeNieHus « B3ATh W3 Tabm. 1
MIPUIOKEHUM.
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Tabmnuma 3

IMocnenusis d, MM [Mpeamnocexuss t., °C t,, °C
udpa mumdpa nudpa mudpa

0 220 0 150 15
1 230 1 140 20
2 210 2 130 25
3 240 3 120 35
4 250 4 110 25
5 270 5 100 20
6 300 6 190 15
7 320 7 180 10
8 340 8 170 5

9 360 9 160 0

Memoouueckue yrazanusi:

TeruoBble MOTEPH TOPU3OHTAIBHOW TPYyObl OYAYT CKJIAaAbIBAThCS U3 MOTEPH 3a
c4€T CBOOOIHON KOHBEKIIMU U U3ITyUYEHHUS.

deeos =a(t. —1g),
4 4
t.+273 t,+273
=mdC &l | £ - -€ .
s =0 [( 100 j ( 100 )}

rae o - KodDPUIMEHT TeTUI00TIauH 32 CIYET CBOOOHOM KOHBEKIIUH,
OTIPEICIIAEMBI 110 KPUTEPHATLHOMY YPaBHEHHUIO BH/IA!

Nu,, =C(Gr-r)).

Gr-Pr 1:107+510° 5:10%2-10’ 2:10"=1-10"
C 1,18 0,54 0,135
n 0,125 0,25 0,333

C, - ko3 dHLHeHT H3nydeHus abconoTHO yépHoro tena [C,=5,67 Br/(m>K").]
Onpenensironiel  TeMneparypoil B JaHHOM  Cllyd4ae SBJISIETCS  CPEIHSIS
o+t

PE
ompenensaoTcs (Pu3nYeckne CBOWCTBA BO3AyXa NPH HAXOXKICHUH KPUTEPUEB
TETJIOBOTO MOI00MS.

TeMneparypa IOTPAaHWUYHOIO  CJIOS tm IIo oton Temmeparype

~ ~ ~ 2
3agaua 4. OnpenenuTs yISNbHbBIN JTYYUCTHIN TEIIOBOM NOTOK ¢ (BT/M”) Mexay
IBYMSl MApajuIebHO  PACMHOJOKEHHBIMU  IJIOCKUMHU  CTEHKaMH, HMEIOIIUMHU

TEMIIEpaTypy f; U t, U CTENEHU YEPHOTHI & U &, €CIM MEXAY HUMHU HET DKpaHa.
13



Onpenenuts ¢ TPU HAIWYUU DKPaHA CO CTEIEHBIO YEPHOTHI C OOCHX CTOPOH &,.
JlanHbIe, HEOOXOUMBIE ISl PEIICHUS 3a/1au, BBIOpaTh 13 Ta0II. 4.

Tabnuma 4
[Mocmemmsist & & g, | Hpemnocnenusist | ¢, °C t, °C
nugpa mudpa mudpa mudpa
0 0,50 0,60 | 0,040 0 200 30
1 0,55 0,52 | 0,045 1 250 35
2 0,60 0,70 | 0,050 2 300 25
3 0,52 0,72 | 0,020 3 350 20
4 0,58 0,74 | 0,030 4 400 40
5 0,62 0,54 | 0,025 5 450 45
6 0,70 0,58 | 0,032 6 500 50
7 0,65 0,62 0,055 7 550 55
8 0,75 0,73 | 0,060 8 600 60
9 0,80 0,77 | 0,023 9 650 65

Memoouueckue ykazanusi:

VY AenbHBIM JTy4HCThII TEIIOBOM MOTOK ompesensercs no ypasHeHuto Ctedana-
bonprmana u1st pe3ybTUPYIOLIETO U3ITYyYEHHUS:

. T] 4 T2 4

q=Cye — | == |

OTIPUS I\ 100 100

rac 8npu6 - HpI/IBeI[eHHaH CTCIICHDb ‘-IepHOTBI, onpenenﬂeMaﬂ, B JAHHOM cnyqae, 10

YPaBHEHUIO

. B 1
npug — :
i_*_i_]
€] &2

B cnyyae Hanuuus DSKpaHa, TpU YCTAaHOBUBIIEMCS PEXHUME, YAEIbHbBIN
JYYUCTHIN TETIOBOM MOTOK HAXOMAST PEUICHUEM CIIEAYIOIUX YPaBHEHUIA:

4 4 4 4
_Coe Iy (L) e, Ly (T2
9= %oCmpust || 709 100) |~ ofmus2 || o0 100) |

(1)
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gnpuel = 7
€]
gnpu62 = 7
€5

Pemas ypaBHenue 1 Haxondar

MOTOK (.

1

— ; 2)
+i—1
‘93
T ®
——1
&2

T,, a 3aTeM yJEelbHbIA JYYUCTBIM TEIIIOBOU

Jlureparypa

1. KorukoB IO.I. TpancmoptHas »sHepretuka: YueOHOe mocoOue s
By30B/HO.I'. Kotuxog, B.H. Jloxkun. - M.: ULl «Akagemus», 2006. - 272c.

2. Tennmorexnuka: yueOHUK ais By3oB/ A.M. ApxapoB [u ap.]; mox oOmiei
pen.. A.M. Apxaposa, B.H. AdanaceeBa. — M.: Uzg-Bo MI'TY um. H.D.

baymana, 2004. — 712c.

3. 3a7a9YHMK TI0 TEXHUYECKON TEPMOJUHAMUKE M TEOPUHU TETUIOMAacCOOOMEHaA:
VYueb. mocobue aisi IHEProMaIMHOCTPOuT. criell. By30B / B.H. Adanackes,
C.A. Ucae, NU.A. KoxunoB u gap.; Ilon pen. B.M. Kpyrnoa u I'.b.
[TeTpaxuuxoro. - M.: Beiciias mkosa, 1986. - 383 c.

15



[Tpunoxenune

du3nyecKre napaMeTpbl Cyxoro Bo3ayxa rnpu nasienuu 101,3 klla

Taomuma 1

t,°C | 10%4, Br/mK | 10%v, m*/c Pr
-50 2,04 9,23 0,728
-40 2,12 10,04 0,728
-30 2,20 10,80 0,723
20 2,28 12,79 0,716
-10 2,36 12,43 0,712
0 2,44 13,28 0,707
10 2,51 14,16 0,705
20 2,59 15,06 0,703
30 2,67 16,00 0,701
40 2,76 16,96 0,699
50 2,83 17,95 0,698
60 2,90 18,97 0,696
70 2,96 20,02 0,694
80 3,05 21,09 0,692
90 3,13 22,10 0,690
100 3,21 23,13 0,688
120 3,34 25,45 0,686
140 3,49 27,80 0,684
160 3,64 30,09 0,682
180 3,78 32,49 0,681
200 3,93 34,85 0,680
250 4,27 40,61 0,677
300 4,60 48,33 0,674
350 4,91 55,46 0,676
400 521 63,09 0,678
500 5,74 79,38 0,687
600 6,22 96,89 0,699
700 6,71 115,4 0,706
800 7,18 134,8 0,713
900 7,63 155,1 0,717
1000 8,07 177,1 0,719
1100 8,50 199,3 0,722
1200 9,15 233,7 0,724
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