KOMMYHAJIbHAA U NMPOMbILLJIEHHAA TEMJIO3HEPIETUKA
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NMEPCNEKTUBA BUKOPUCTAHHSA KOAKCIANbHUX TPYB K HOBUI CMNOCIB
TPAHCIMOPTYBAHHA TEMJNIOHOCIA B TENMJNTOBUX MEPEXAX

Pakursancbka H.A., €srymenko O.B., lynsik O.B., [lemuenko B.I., kana. TexH. HayK

Inemumym mexuiunoi mennoghizuku HAH Yrpainu, eyn. Kensabosa, 2a,

Hamano pexoMeHpmariito m1omo
3MEHILICHHS BTPaT TEIUIOBOI eHeprii B
TEIUIOBHX MEPEKax 3aBIsIKH BUKOPHUC-
TaHHIO KOakcianbHHX TpyO. BukoHa-
HO PO3paxyHKH PO3INOAUTYy TeMIepa-
Typ TEIUIOHOCIS TO0 JOBXKHHI Mepexi
B 3aJEKHOCTI BiJ] HIBHAKOCTI pPyXy
TEIUIOHOCISI, JiaMeTpy Ta Mmarepiaiy

Jlana pexoMeHJauus 0 yMEHb-
IEHUIO MOTEPb TEII0BOM OHEprunu B
TEIUIOBBIX CETAX C MOMOMIBIO KOAKCH-
anpHBIX TpYO. Cuenansl pacueTsl pac-
NPEAETICHUST TEeMIIEPaTyp TEINIOHOCH-
TeJIsl 10 [UIMHE CETH B 3aBUCUMOCTH OT
CKOPOCTHU ABMIKCHHUSA TCIIJIOHOCHUTECIIA,
JmamMeTpa 1 Marepuaia Tpyo.

Kuis, 03680, Vkpaina

The recommendation concerning
reduction the heat losses in thermal
networks (heating systems) by
using coaxial pipes had given. The
calculations of the heat carrier
temperature distributions along the
length of the pipelines depending
on the speed of the heat carrier and

TpyOONIpOBOIiB.

bi67. 10, puc. 3.

diameter and material of pipe were
made.

Kuro4oBi c1oBa: TemnoBi Mepexi, KoakciajabHl TpyOu, «TpyOa B TpyO1», Koe(ilieHT Teruonepeaayl.

¢ — TeIUIOEMHICTb;

d — ailameTp BHYTPILLIHBOT TPyOU;
D — BHYTpILIHIN A1aMeTp 30BHILIHBOI TPYOH;
F — noma teninooOMiny;

G — BUTpATa;

k — xoediLieHT Teronepeaadyi;
Nu — kpurepiit Hycensbra;

Pr — xpurepiit [Ipanais;

0 — KUIBKICTh TEIUIOTH;

Q — TIOTYKHICTB;

R — TepmiunwMii omip;

Re — xpurepiii Peiinonpca;

t — TeMneparypa;

o — Koe(IIEHT TETUIOBI 111,

0 — TOBIIIWHA;

1. Ilocmanoeka 3a0aui
[Ipu excrmyarariii TETIIOBUX MEpEX HEOIMIHHO
BUHHUKAIOTh BTPATH, MOB’SA3aHI 3 OXOJOHKEHHSIM
NOBEPXHI TpyOONPOBOJAIB IPU KOHTAKTI 3 OTOUYIO-
yuM cepenoBuiieM. s iX 3MEHIIeHHsS] BUKOPUCTO-
BYIOTh Pi3HI TUIU TEIUIOBOI 130smsimii [1]: criiHeHui
nojietuien (0,037...0,038 Bt/m-°C); crinenuii ka-

A — TETMJIONPOBIIHICTD;

L — IMHAMIiYHa B’ SI3KICTh;

V — KIHEMaTHU4Ha B’ I3KICTh;
p — I'yCTHHa,

® — MBUIKICTG.

Inexcu BepxHi:
ext — po3CitOBaHHSI.

Ingexcu HUKHI:

0 — moyaTKkoBHI1 apameTp;

1 — BHyTpilIHIH;

2 — 30BHIIIHI;

lin, 2in — MOYaTKOBUI MapaMeTp Tapsyoro 1 XOJIo/-
HOT'O TEIJIOHOCIS BiIOBIIHO;

lout, 2out — KIHIIEBUI TTapaMEeTpP TapsSIOro Tapsaoro
1 XOJIOJHOIO TEIJIOHOCIS BIIOBIIHO;

W — CTIHKA;

eqv — €KBIBaJICHTHU.

yayk (0,033...0,038 Bt/m-°C); minomiacToBa Iika-
panyna (0,037 Bt/M-°C); HanwitoBaJbHHUN TOJi-
ypetan (0,022...0,028 Bt/m-°C); pifka Terioi3osiis
(0,0016...0,02 Bt/M-°C) ta ixmi. ToBmmHa mapy
13011117 BUBHAYAETHCS HA OCHOBI TETUIOTEXHIYHHMX
pO3paxyHKiB, TMpH [bOMY TeMmIepaTrypa Ha
MOBEPXHI 130JIALIHHOI KOHCTPYKIIi TpyOOIpoBOIiB
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B NPOXIJHUX KaHalaX HE MOBHHHA IEpPEBUIIYBa-
1 40 °C [2]. Takox TEIUIOBI BTpatu 3 MOBEPXHI
TpyOONpPOBOAIB 30UIBLIYIOTECS MPU  3BOJOKEHHI
TeroizomsIii [3], ska mMmoTparuisie 10 TMOBEPXHI
TpyOOIIPOBOAY IpPH 3aTOIJICHHI iX IPYHTOBUMHU Ta
MMOBEPXHEBUMU BOJIaMHU.

[TpOTsKHICTH MaricTpaabHUX 1 PO3MOALIBIUX
TEIJIOBUX MeEpeX B YKpaiHi CTaHOBUTH OIM3BKO
33 THc. kM B ABOTpyOHOMY oOuucienHi [4]. Ctan
OLIBIIOCTI HE3aJOBUIBHUM, MmoHan 28 % TeImio-
MepeX EKCIUTyaTyIOThCsl ToHaa 25 pokiB, 43 % —
nonay 10 pokiB i mume 29 % TerioMepex MaroTh
TepMiH ekcrutyatarii Mmenme 10 pokiB [4]. Brparu
TEIJIOTH B Mepekax ckianarth Big 20 % mo 32 %
13 CepeaHbO3BAXCHUM BIJCOTKOM BTpaT y CHCTE-
Max TeruiozabesneueHHs Onm3pko 14,3 % [5], um
HaBiTh 40...50 % [6]. ToMy BaXJIMBOI 3aJauclo €
MOIIYK HOBUX IUISAX1B 3MEHIICHHS HETIPOYKTUBHUX
BTpAT TEIUIOBOI eHeprii.

OCKIUTBKHA TEIUTO130JIALI N1 BJIACTUBOCTI
MarepiajiB € OOMEXKEHUMH, TO €AMHHUM MLUISIXOM
3MEHILEHHSI BTpAT €Heprii y Mepekax BOayaemo
y 3MiHI KOHIEMIi TPaHCIOPTYBaHHs], a caMe BH-
KOPUCTAaHHSI CHCTEMHU «Tpyba B TpyOi» 13 Bemu-
KUM TEPMIYHUM OIOPOM PO3JUIBHOI IOBEPXHI
MDK TapsuuM Ta XOJOAHHUM TETUIOHOCIEM (Tapsauid
TEIUIOHOCIH y BHYTpIIIHIA TpyOi, XONOIHUN — Yy
MDKTPYOHOMY IPOCTOPI).

PimenHs mocTtaBieHOi MeTH BiIOyBaTUMETHCA
B YOTHpHU eTanu: 1) momepeaHii 3araJbHUN aHami3
MOXJIMBUX CXEM TPaHCIOPTYBaHHS TEIJIOHOCIA,
dbopmymoBaHHA 3amavi; 2) (OPMYIIOBaHHS OC-
HOBHUX MpPUIYILIEHbh MaTeMaTU4HOI MOJEIN; BCTa-
HOBJICHHA B MaTeMaTW4Hiil (opmi 3B’S3Ky Temrie-
paTtyp TEIUIOHOCIS B CHCTEMI TPAaHCIIOPTYBaHHS 13
3MIHHUMH BEeJIMYMHAMU; aHAJi3 OTPUMAHHUX 3aJIeK-
HOCTEH; 3) MOAeItOBaHHS TEMIIEpaTyp TEIUIOHOCIS
Mo JIOBKHHI pr61/1 B 3aJIKHOCTI BiJ IIBUIKOCTI
TEIUIOHOCIS, IlaMeTPy Ta Marepiaixy TpyOOTpOBO/IiB;
4) aHani3 OTpUMaHHUX PE3YJbTATIB Ta MOUIYK OMNTH-
MaJbHUX 3HAY€Hb MIBUAKOCTEH, 1aMeTpiB, TOBKUH
Ta Matepiaixy TpyOOIpOBO/IiB.

2. llopisnanvnuit ananiz MoHcaueux cxem
MpPaHCcnopmyeaHHs menaioHociie

PosrnsiHemMo crpoliiieHy cxeMy TpaHCIIOPTYBaH-
HS TETJIOHOCIA Ha 0a3l TppoX eneMeHTIB (puc. 1) Ta
CKJIQJIEMO TETUIOBUI OalaHC CUCTEMH.

JocnigpxyBaHa cxema TEIU103a0€31eUeH-
HSl CKJIQJa€ThCs 3 TEHeparopa TEIUIOBOiI eHeprii

noryxHictio J) Ta CnoXuBada TEIUIOBOI €Heprii
0,, a TakoXK TPAHCIOPTHUX TEIUIOBHX MEpPEeX 3
MOTYXHICTIO PO3CIFOBaHHS o B TakoMy pasi, Te-
TUIOBUI OaTaHC CHCTEMU Ma€ BUTIIS;

Ql = Qz + Q(GXt) = Qz + Ql(eXt) + Q'gm), (1)

e Ql(e’“)i Q§°Xt)— MOTYKHICTh PO3CIOBaHHS TEILIOBOI
eHeprii B OTOUYIOYE CEPENOBHILE MIOIaBAJIBHOI Ta

3B0pOTH01 )py6I/I BlI[HOBl,Z[HO IIpuIoOMy 3pO3YMi.]'IO"
Ql(ext) >Q ext
(ext)
b 1)
—> —>
O TETE T 0>
< ' '
I Ll /
/ {)ex!/ /
4 2 3

Puc. 1. @izuuna mooens cenepysanns,
CROMCUBAHHA MA MPAHCHOPMYSAHHSA MENI060T
enepeii (1 — mennozenepamop; 2 — 06ompyoni
menoei mepexci; 3 — cnoxcusau).

PosrissHemMo Tpu BapiaHTH CXeM TpaHCIIOp-
TYBaHHSI TEIJIOHOCIS:

1. ApiaGatHuil BapiaHT TPaHCHOPTYBaHHS
TEIJIOHOCISI, KOJIM TEII0O0OMIH 3 HaBKOJHWIIHIM

CEpEellOBUIIIEM MPAKTUYHO BIJICYTHIN Q(°Xt) —0.
Buxoasun 13 PIBHSIHHS TerIonepeadi
AQ(e"t) =k-F-At , TaKU# PEXKUM MOXJIMBUHN Y BUIIA I-
Kax Koju: abo KoedillieHT Teruronepenadi mpsmye
no Hyns k—0; abo mioma MOBEpXHI TEII000-
MiHy Tmpsmye 10 Hyias F—0; abo cepeaHbo-
Jorapu(MIYHMIA TEMIIEpaTypHUA HaIip «TEIIo-
HOCI — HaBKOJIMIIHE CEpPENOBUILE» MPIMYE 0

Hy1s1 At —0. B cBoto uepry, ymoBa k—0 MOX-
JUBa TIIBKKA KOJIM TEIUIONPOBIAHICTh PO3MITHHOI
CTIHKH «TEIUIOHOCIH — HABKOJIMIIIHE CEPEIOBUIIICH
npsimye 10 Hynsa A—0. 3a yMOBH, KOJIM HIBUIKICTH
PYXy TEIUIOHOCISI IPSIMY€E IO HECKIHEYHOCTI (—0,
k—>kmm= A/d, TOmi TEIUIOBI BTpaTH MiHIMabHI

AQ(G’“) — min , aJIe HEe JOPIBHIOIOTH HYIIO. A1labaTHe
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TPaHCHOPTYBaHHS [J03BOJIIE T€HEPYBAaTU CTUIBKU
TEIUIOBOT €Heprii CKIIbKM HEOOXIHO CIOXKHBAYy
Q,/Q, = 1, Tomy KKJI Takoi cucremu ~100 %.

Ha mpaxTuii He BIAa€ThCS TOCSITHYTH 3a3Haue-
HUX ajia0aTHUX yMOB. TpaaulliifHO €TUHUM MOX-
JUBUM IUISIXOM 3MEHIICHHS BTPAT TEIUIOBOI €HEPTii
BOauan y  BHUKOPHCTaHHI OararomrapoBoi
TEIUTOI30ISIIIIT HAa TOBEPXHI TETUI000MiHY. bBinbi
TOTO TaKUM LUISIX 3MEHUIEHHS BTPaT 1CTOTHO
MJBUIILY€ BapTICTh TEIUIOBUX Mepex [1].

2. PeanmpHuii  BapiaHT TPaHCIOPTYBAHHS
TEIUIOHOCIS, KOJIM TEeTUIOOOMIH 13 30BHIIIHIM Cepe-
JIOBUIIEM ICHY€E — Q(e"t) >0. B peanbHUX cucTeMax
BTpaTy TEIUIOBOI €Heprii B Mepekax MOXYTh J0CS-
raru BiamiTku 50 % Bijx 3reHepoBaHOI TEIUIOTH [6],
TOMY:

0,=0 - Q(eXt) (Q -05- Ql) 05-0; %zZ.
(ett)
b VT
‘v_ 3 ;<_w
Or - 5 Qg‘l‘”f 05
‘4—‘ ] <f_
; ? ? /

Puc. 2. Dizuuna mooenv 2eHepysants, CROHCUBAH-
HA Ma MPaHcnopmyeanHs menioeoi enepeii Ha
oazi cucmemu «mpyoa ¢ mpyoi» (1 — mennozenepa-

mop; 2 — cucmema «mpyoda é mpyoi»; 3 — cnoxcu-
eau).

B peanbHuX cucTeMax TEMIOCIOKUBAHHS ICHYE
HEBUIIPaBJaHa HEOOXITHICTh y TEHEpPYBaHHI Maii-
Ke B/IBI4l OLJIbIIIe TEIJIOBOI €Heprii, HiK HACIpaB/Ii
NOTPiOHO CIOXKUBady, 10 OOYMOBIEHO HE3BOPOT-
HUMM BTpaTaMH €HEprii B HABKOJIMILIHE CEPEAOBUILIE.
KK/ Takoi cuctemu 6mu3pko 50...80 %.

OTxe, B yMOBax HapOCTal40i €HEPreTU4HOI
KpHU3HU, BUPILICHHS MPOOIEMaTUKU BTPAT TEIIOBOI
€Heprii B cucTeMax TPaHCIOPTYBAaHHS Ha OCHOBI
301IBIICHHS] TOBIIUHY LAY 13071111 € BIYEPIAHIM.
Tomy i icHye rocTpa HEOOX1HICTh 3MIHU Tpa)lI/IIIII/IHOI
KOHIIENII1 TPaHCMOPTYBaHHsS TEIJIOHOCIS, a came
BUKOPHUCTAHHS CUCTEMU «Tpy0Oa B TPpyO1».

3. TpaHncriopTyBaHHsI TEIUIOHOCISI Ha 0a3l cucTe-
MU «TpyOa B TpyOi».

Takuii BapiaHT peainizaili KOHIEMIII TpaHC-
MOPTYBAHHS TEIJIOHOCI MOXXE€ 3HAYHO 3MEHILIUTH:
HE3BOPOTHI BTPATH TETUIOBOI €HEPrii B HABKOJIHUIITHE
CepeloBUIIE 32 PaXyHOK 3MEHIICHHS IUIOIII TOBe-
PXHI PO3JUTY «TEIUIOHOCIH — HaBKOJIUIIHE CEpeJo-
BHUIIE»; BUTPATH T'POLIOBHX KOINTIB HA MPOKJIAAKY
TEIUIOBUX MeEpexX (3eMenbHI poOOTH), HA TETUIOBY
130JIA11110, @ TAKOXK TaKa CXeMa BUCTYIIA€E 3001 KHH-
KOM BIJ MeEXaHIYHUX JAedopmarliiii Ta po3puBIB
TPYOOTIPOBOAIB 3 TapsAYUM TEIUIOHOCIEM, OCKUIBKH
BHYTpIIIHA «rapsdya» TpyOa 3axuIileHa 1o oOuiBi
CTOPOHH T1APOCTATUYHUM TUCKOM DPiTUHH.

BpaxoByroun mnpumylieHi MepeBard BHKOPU-
CTaHHS CUCTEMH «TpyOa B TpyOi» 3a IHIIOI0 HA3BOIO
«OiHapH1» ab0 «KOoakciaJbHI» TPyOW BHKOHAEMO
OIIIHKY €()eKTUBHOCTI TAKUX CCTEM Ha OCHOBI 3aITpO-
MOHOBAHOI MaTEMaTUYHOT MOJIETIi Ta PO3PaXyHKIB.

3. Mamemamuuna mooenb cmayioHapHo20
nepeHocy meniomu 6 meni08uUx Mepercax
Ha 0a3i cucmemu «mpyoda ¢ mpyoi»

OCHOBHI NPUITYIIEHHS MaTeMaTUIHOI MOJIEJI:

1. posmsiaeThes CTAlllOHAPHUN PEXUM TpPaHC-
MOPTYBaHHS TEIUIOHOCIS;

2. TEmI000MIHOM Yepe3 30BHILIHIO MOBEPXHIO
PO3AUTY «XOJIOMHUM TEIUIOHOCIH — HABKOJIUIITHE Ce-
PEIIOBHILE» 3HEXTYEMO;

3. TemIOHOCIT PyXaloThCs B PEKUMI IPOTUTOKY
3 OJIHAKOBOIO BUTPATOIO;

4. y MIXTpyOHOMY TIPOCTOPI PYXa€ThCS XOJIOI-
HUI TEIUIOHOCIH, B TpyOHOMY — raps4muii;

5. termno(di3uYHI BIACTUBOCTI MPUHAMAIOTHCS
IIPU CEpPEeIHIX TEMIIEpaTypax TEIJIOHOCIB.

MaremaTuyHUil OMKUC CUCTEMU «TpyOa B TpyO1»
BKJIIOUA€

* PiBHsgHHSA Teruonepenayi [7-8]:

_t2x _(tlx _tZin)
1 fin =02
tlx _t2in

; 2

J— t:
Q=kE.At, =kF-1m

5 4
X

k= Fx:ﬂdzx

I
LI

a, A a,

w

e Q — Cepe/IHbO- iHTerpaanHﬁ TEIUIOBHI IIOTIK;
k — CEPEeHEO- IHTETpaIbHUI KoeqnuleHT TEIUIoIe-
penadi; o, i o, — Koe(blmeﬁm TEIUIOBIAMa4ul Bif
rapsra0ro TGHJ‘IOHOCISI 0 TEIUIOOOMIHHOI IIO-
BEpPXHI Ta BiJ TOBEPXHI JIO XOJIOIHOTO CEpeio-
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BHMIIA BIJNOBIAHO;, O/A — TEPMIYHUH ONIP CTIHKH
TpyOHW, BU3HAYAETHCA TOBIIMHOIO CTIHKA O Ta
TEIUIONPOBIHICTIO Marepiany CTiHKM A ; F —
MO-BEPXHS TEIUIOOOMiHY, fIKa BHUpPaXXCHa uepe3
30B-HINIHIA JlaMeTp BHYTPIHLOI TpyOu d, Ta
TOBXKHHY X, At — JIOKaJIbHUHA cepeaHbosiorapud-
MIYHMHA ~ TeMIepaTrypHU  Hamip  MNpOTUTeuil;
{ — TeMIeparypa TEIUIOHOCiA (Ha MoYaTrky Ta B
KOOpJIMHATI X TpyOM 3 TapsyuM TEIUIOHOCIEM —
HIOKHIN 1HJIEeKC «1im» 1 «1x»; BIIIMOBIHO XOJIOJHOIO
TEIIOHOCIS — «2in» 1 «2X»).

B cBoio depry, KkoeQillieHT TeIUIOBiIa4i
BH3HAYAETHCS 32 (DOPMYIIOIO:

Nu -\
o=

, (3)
deqv
Ie A — TeIUIONPOBIAHICTh TEIUIOHOCIS, d = —

eqv

€KBIBJICHTHUH JiaMeTp, M (deq\/: d, — s TpyOHOTO
IPOCTOPY, degv= D-d, nns MiXTpyOHOTO prCTopy);
Nu — xpurepit Hycenbra, SKui 3aJ1€KUTh B1Jl PEXKHU-
My pyXy TeILIoHocis (kpurepito Perinonbaca Re), d,,
d — BiJIMTOBIAHO 30BHIIIIHINA Ta BHYTPIIIHIN TiaMeTpH
BHYTPIIIHBOT TpyOH, D — BHYTpIIIHIN AiameTp
30BHIIIHBOI TPYOH.

OCKUTbKM pyX TEIJIOHOCIIB y TpyOHOMY Ta
MDKTPYOHOMY TpPOCTOpi MpHUIMAaeThCs TypOyJaeHT-
HuM (Re>10°), To maemo:

Pr,
ne Pr, Pr — xpurepiii Ilpanaras npu cepenniii

0,25
Nu = 0,021 - Re®8. pro#3. [Ej , 4)

TEMIEparypl TEIUIOHOCIA Ta TpU TeMIeparypi
CTIHKH BIAIIOBITHO.
. PiBHsHHS TemutoBOro OanaHCy MEpIIoro Ta
JPYTOTO TEIIOHOCIIB [7—8]:
Q:CIGl(tlin _tlx):CZG2(t2x _t2in)’ (5)
md} D* d;
G =p-0-—=, G,=p, 0,7 4 4l
Re vy,
Wy o = >
dyy

ne ¢ 1 G — TEIVIOEMHICTh 1 BUTpara TEIIOHOCIS
(mmwkHINA 1HAEKC «1» abo «2» Bkazye rapsuuii abo
XOJIOHUW TEIUIOHOCIH); ® — IIBHAKICTH TOTOKY
TEIUIOHOCIST; p — TYCTHHA TETJIOHOCIS.

Otxe, MaeMo cucteMy JBOX PiBHSAHB (2) 1 (5)
3 JBOMa HEBIJIOMHUMH, DPO3B’S3aBIIN SKy 3Haijie-
MO TEMIEPATYpHY E€BOJIOIII0 Tapsdoro Ta XOJOJ-
HOTO TEIUIOHOCIS t,, t, B3IOBXK noBepxHi F abo, 110
€KBIBaJICHTHO, MOBXHHI X (MaTeMaTH4HI MEepPEeTBO-
PEHHS TUBHCH B [7]):

1—exp _kF 1_g

()=t (e, ~12,) S

t\x)=¢t,. —\t,. —t,.

1 lin lin 2in l_g _k F _Q ’(6)
C2 Cl C2
1-exp —kCF[l—CIJ

Cl 1 2
tx:tin+tin_ in) ~ 57
2( ) 2 (1 2 ) : Cl kF Cl ( )
l-—exp| —|1-——
CZ Cl CZ

Ax BugHO 3 (6) 1 (7) BaXJIMBOIO 3a/1a4€r0 IS
3MEHIIICHHS TEIUIOOOMIHY B TEIUIOBHX MEpeXax €
MiHIMi3aMis QyHKIT {’1,21'" —t, (x, X, Re)}—)min. s
BUKOHAHHSI TOCTABJICHOI METH 3IHCHUMO aHaji3
BIUIUBY OCHOBHHUX IapaMeTpiB JOCIIIKyBaHOI
cuctemu (A, x, Re) Ha eBONIOIIIO0 TeMIepaTypHOTO
PO3MOLTY TETUIOHOCITB.

4. Mooentweannus po3noodiny memnepamyp
mMenioHOCIiA NO 006XHCUHT MPYOU 8 3A/1eHCHOCH
610 diamempy, mamepiany mpyoonpoeooie ma
WUOKOCMI PYXy MenioHociie.

[ToOyyemMo po3paxyHKOBI KpUBI PO3MOILICHHS
TEeMIepaTyp Taps4oro Ta XOJOIHOTO TEIUIOHOCIS
{11, IO JOBKHMHI TpyOU X NP Pi3HUX 3HAYECHHAX
niaMeTpiB TPyO d, MBUAKOCTSAX TEIUIOHOCIIB (YuCIia
Peitnonbaca Re) ta marepianiB Teruionepenarodnx
MOBEPXOHB (BEJIMUUH TETUIOTIPOBITHOCTI A).

[Tpu moOynoBi KPUBUX BUKOPHCTOBYBAIUCH TaKi
aHl:
- TEIUIOHOCIH Y TPyOHOMY 1 MIKTPYOHOMY IPOCTO-
pi— Bozna;
- TIOYaTKOBa TeMIepaTypa rapsyoro TEIUIOHOCIS
[°C] ¢, =95; '
- II0YaTKOBa TEMIIEPaTypa XOJOAHOIO TEIUIOHOCIS

[°C] ¢, = 60; . _
- BHUTpATa XOJIOJHOTO i Taps9I0ro TEIIOHOCITB O/THA-
xoBa G, = G,;

- yucno PeliHonbiaca rapsiaoro tersioHocis Re =
=10"..10".
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- Marepiaj Teruionepeaaruoi MOBEPXHi:
- cTasib 3 TemtonpoinanicTio [Br/mM-K] A, =47,
- xnopoBanuii oniBiaUTXIIOpH (PVC-C) [BT/ M°K]
My = 0,137[91];
- nonidenincynbdon (PPSU) [Brm-K] PPW—O,43 [9];

Teruto(i3uyH1 BIACTUBOCTI PO3PaXOBYBAIUCH 32
[10] mpu BuOpaHiii cepeaniii Temmeparypi rapsdo-
ro teruioHocis ¢ =87,5°C, X0loIHOTO TClHIOHOCiH
t,=65°C Tta TeMnepaTypi CTIHKHU =75°C
(HpI/IHyCKaCTbCH 0 BUXIJIHA TeMnepaTypa rapsi-
YOro 1 XOJIOMHOTO TEIJIOHOCIS HE MEPEBUILYE f, 1

t,,.,= 70 °C Bl}lHOBl)IHO)

- nunamiuba B’a3kictb [IMa-c]: p=314,9-10°,

=469,9-10°¢,

- KiHeMaTH4Ha B’s3KicTh [M%/c]: v,=0,326:10°;
v,=0,478-10°;

- rycruna [kr/M’]: p, = 965,3, p, = 983,1;

- ternonposianicts [Br/(M-K)]: A, = 0,676, A, = 0,65,

- ternoemHicTs [[Ix/(xkr-K)]: ¢, = 4,208-10°,
c,=4,179-10°%

- koedimieHT 06’ emHoro0 posrmpenns [K']:
B,=6,95-10% B,=5,11-10%

- kpurepii [Ipanarns ms crinku: Pr = 2,38.

B wmexax TeMIepaTyp Bix 60 0C no 95 °C
TeruI0(i3U9HI BIACTUBOCTI BOJU HE MAIOTh BEIIMKUX
PO3XO/IKCHb, TOMY 1HIII BUOpaHi 3HAUEHHS CEPEIHIX
TeMIeparyp TEIUIOHOCIiB HEICTOTHO BIUIMHYTH Ha
OCTAaTOYHUM pe3ynbTar ¢, Tat, .

OCKUIBKM  BBa)Xa€Mo, IO TEIUIOOOMIH 3
HABKOJIMIITHIM CEPEIOBUIIEM BIiJCYTHIN, TOAI Craj
TEMIIEpaTypy Tapsyoro TEIUIOHOCISI MPOMOPLIHHUIA
MPUPOCTY TEMIIEPATyPH XOJIOAHOTO, TOMY Ha pHC. 3
MOKaXKeMO rpadiku po3MOALTy TEMIEPATyPH TITbKH
JUTSL OITHOTO TETIJIOHOCIST — rapsivaoro.

5. Ananiz

3a3HaunMo, 10 Ha puc. 3 MaciTad KOOPIUHATH
JIOBKUHU X BHUOMPABCS 3 METOIO JIOCATHEHHS TEM-
MEepaTypHOTO HACHYCHHS CTaJeBOi TPYyOM — KOIU
TEMIIepaTypa  Trapsdoro/XOJIOMHOTO  TETUIOHOCIS
3aJIUIIAETHCS MOCTIHHOIO B3OBX TPyOuU (BiICYTHIN
TEIJIO00MIH).

AHanizytoun rpadikd puc. 3, MOXKHa 3pOOUTH
BHCHOBOK, III0 Y BUMAJKy BHUKOPHUCTAHHS CTaJeBOi
TPyOM TeMmIieparypa Trapsdoro TEIJIOHOCIS crajae
70 TEeMIepaTypy XOJIOJHOTO TEIUIOHOCISI B Me-
xax: a) 200 m, 6) 300 M, B) 400 M, ) 600 M npu
Re = 10°. 30umbmenns uyuciaa PeiiHonbiaca Heic-

TOTHO BIUIMBA€ Ha 3MEHILEHHS TEIUIOOOMIHY IIO
3a/laHlil JTOBXKHUHI TPyOONPOBOIIB, Ca TEMIEPATY-
P raps4oro TemioHocis cknamae Ar, = 33..34 °C
npu Re = 10°..10° ta Az, = 25..29 °C npu
Re = 107 3anmexxHo Bim AiamMeTpiB TpyOOIPOBOIIB
(4uM OlnblIMi JiaMeTp, TUM MeHIa Af,, IHMBHCH
puc. 3).

I[Ipy  BuKOpuCTaHHI  TOJIMEPHUX  TPYO,
TEIUIOOOMIH ~ MDK  TapsyuM  Ta  XOJOAHHUM
TEIUIOHOCISIMUA 3HAYHO 3MeHIIyeThes. [lopiBHsIIbHA
XapaKTePUCTHKA PO3MOAUTY TEMIEpaTyp Trapsdo-
r0 TEIUIOHOCIS 1O JOBKHHI TPpyO NpH Pi3HUX HOTO
HIBUAKOCTSX Ta PI3HUX JlaMeTpax TpyOompoBOJIiB
(puc. 3) mokazye BIJICYTHICTb TEMIIEPATyPHOIO
HaCUYEHHs JUIs TOJIMEpHUX TpyO Ha 3anaHii
nokuHi X = 1000 M. 301IbIIEHHS MIBUAKOCTI PyXY
TEIUIOHOCISL Ta JllaMeTpiB TpyOONpPOBOIB IMOKA3ye
MO3UTUBHY JUHAMIKY 3MEHILIEHHS TEIJI00OMIHY
MDK TapsgdyuM Ta XOJOZHUM CEPEIOBHUIIAMH.
TemnepaTypHuil cmaj Taps4oro TEIUIOHOCIA 13
At = 25..31 °C mpu Re = 10° 3meHmyeThcs 10
At,=7..15 °C mpu Re = 10° ni1a mapku nomimep-
Hux tpy6 PPSU ta i3 Af, = 17...25 °C npu Re = 10°
sMenmryetbes 10 Af, = 3...7 °C mpu Re = 10° — n1s
Mapku mnomimepHux Tpyo PVC-C B 3anexHocTti
BiJl aiameTpiB TpyoOompoBoniB. lle o3Hawae, 1m0
0 CHOXHMBa4da TapsSsYUil TETUIOHOCIH TPHUXOAHTH
y JOMYCTUMHUX TPAaHULAX, & XOJOAHWUU IOmIepea-
HBO MIJIrPIBAETHCA HA BXOAl JO KOTJIA, TUM CaMUM
3MEHIIYIOYM BUTPATH E€HEPropecypciB Ha HACTYII-
HUH Horo miairpiB. 30inbmenHs yncna PeitHonbaca
no Re = 107 Beme 3a co0OK0 MPAKTUYHO TOBHY
BIJICYTHICTh TEIUIOOOMIHY (TeMmmepaTypHHUIl cran
At, = 0..2 °C) no Bciit 3ajganill n0BXuUHI TpYyO
TEIUIOBUX MEPEX HE3aJIeKHO B iX JiaMeTpiB Ta
MapKH MoJiiMepy, TOOTO TeMIeparypu TEIUIOHOCIIB,
SK TapsA4oro Tak 1 XOJOAHOIO, 3aJUIIAIOTHCS MpaK-
TUYHO HE3MIHHUMU.

Buxopuctanus mnoiiMepHUX TpyO0 BHKIIMKAE
BEJIMKHI 1HTEpeC A 3MEHIICHHS HEMpPOTyKTHB-
HUX BHUTpAT TEIUIOTH y TEIUIOBUX Mepexax. Lle
MOSICHIOETHCSI ~ HE3HAYHOI0  TETUIOMPOBITHICTIO
noJiMepHUX Marepiaini, sika maibxke B 100...300
pa3iB MEHIIA 3a TETUIONPOBITHICTh CTATI.

Bucnoexu

CydacHa TeryioBa 130JISII[isl IO IOKa3HHUKY
TETUIOMPOBITHOCTI JJOCATIIA CBOIX TPAaHMYHUX TTOKa3-
HUKIB, MOJAJbIIe 3MEHIIECHHS TEIUIOBHUX BTpaT
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yepe3 MOBEPXHI0O MEPEX IMOB’S3aHO JIMLIE 3 HEMo-
MIPHUM pPOCTOM TOBIIMHHU 13041111 Ta BapTOCTI
Mepexi. ToMy icHye rocTtpa HEOOXITHICTH 3MIHH
TPaJUIIHHOT KOHIICTIIIIT TPAaHCTIOPTYBAHHS TEILJIOBOI
eHeprii. BupilieHHsIM MOCTaBJICHOI 3ajadi MOXe
OyTH 3aCTOCYBaHHSI TEXHOJIOT1i MOABIMHUX CTIHOK,
a came CcuUCTeMH «Tpyba B TpyOi», ne rapsuuii

100 T T T T

&
o

(o) -

4022828242

5 o]

sof OOOOOOOOO
soff
L5

70

.............

60 T

0 200 400 600 800 ix103

x
a)d, =21 mm, d, =25 mm, D =45 mm

100 T T T T

A addis
gg.QQOGOGSOOOOogggggggi
DDD ®es0e

- ]
opk Tw ......

0 200 400 600 300
6)d, =106 mm, d,= 114 mm, D = 151 mm

— Steel, Re=10"5
----- Steel, Re=10"6
--=-= Steel, Re=10"7

B B PPSU, Re=10"5
® ® PPSU, Re=10"6
A A PPSU, Re=10"7

TEIJIOHOCIH  PyXaeTbCs Yy BHYTPIIIHIA TpyoOl,
a XOoJIoAHMM — y MibKTpyOHOMY mpoctopi. Ha
0a3i 3ampoOIrOHOBAHOI TEXHOJIOTII HAJaHWUW OIUC
PO3paxyHKiB MPU KOHCTPYIOBaHHI JUISHKH TEIUIOBOT
Mepexi. Po3paxyHKM BHKOHYBajluCs 13 BUKOPHC-
TaHHAM MatemaruyHoro nakety MathCad, mo n03-
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10 T T T T

$L0MMANLLLLLLLRL2R202422
Ho%%ee, ©°C000000000
9% DD Oo...... 00004

SOi
L

70)

60 7

0 200 400 600 800 1><103

0)d, =42 mm, d,= 48 mm, D = 68 mm

100 T T T T

] 4 hhbidad
8asate0seseanannstalyy)
a .......

o0[f,

Ly o m] i
80 b [ Oop Og
t]

701~

0 200 400 600 800 1x10°

X
2)d, =264 mm, D=273 mm, d, = 326 mm

O O PVC_C, Re=10"5
0 0 PVC_C, Re=10"6
A A PVC C, Re=10"7

Puc. 3. Kpugi po3nodiny memnepamypu 2apsa4o2o menjionocis t(h, x, Re)
N0 006XcUHI MPYOu X npu PiI3HUX 3HAYEHHAX Jlamempis | mamepiaiie mpyo
ma uucna Peitnonvoca mennonocis.
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NpU BBEJCHI BapiiloOBaHUX MapaMeTpiB CHCTEMHU
(miametrp Ta noBKHMHAa TpyO, umcio PeitHonbiaca,
TEIUIONPOBIIHICTh MaTepialy) Ta OLIHWUTU BIUIUB
TEXHOJIOTYHUX TTapaMeTPiB MOIEIBOBAHOTO 00’ EKTY
Ha HOro ONTUMAaJIbHI TEIIO(I3UYHI MOKA3HUKH.
byno BcTaHOBIIEHO, IO BUKOPUCTAHHS METAJIEBOI
BHYTpIIIHBOT TPyOU (HEprkaBiloda CTallb) MPHU3BO-
IUTH JIO0 Pi3KOi BTpaTH TEILIOBOI €HEpTii, 30KpemMa
MOYaTKOBa TeMIepaTypa Trapsuoro TEeIJIOHOCIA
(95 °C) 3HmxyBanacs 10 TOYATKOBOI TEMIIEpaTy-
pu xonoanaoro terionocia (60 °C) Bxe Ha TOBXKHHI
200 M mst TpYO miamMeTpom d, =21 mm, d,= 25 mm,
d3 = 45 mm; Ha pgosxkuHl 300 M Ja d1 = 42 MM,

d,= 48 mm, d, = 68 mm; 400 M — uist d| = 106 mm,
d,= 114 mm, d, = 151 mm; ; 600 M — st d| = 264 mm,
d, =273 mMm, af3 =326 MM;. SIK HACIIIIOK JUIST BEJIMKUX
JOBKMH Ta Jl1aMETpiB TPyOOIPOBOAIB HEOOX1THO
abo BUKOPHUCTOBYBATU HU3BKOTETUIONPOBIIHI
MarepiaJii  BHYTpIlIHBOI  TpyOuM  (HampuKIaj,
MOJIICTUIICH, TOJIIOYTHIICH, MOJIMPOIJIEH, XJIOpO-
BaHUN TMOJNIBIHUIXJIOPUJ, NOMIPEHIHCYIbPOH Ta
1H111) 200 HApOIIYBAaTH TEPMIUYHUN OMIP METaJIECBOI
CTIHKM TpPYOHM 3aBISKM BUKOPHCTAHHIO TEIIO130-
nsrii, abo HEemoMipHO 30LTBIIYBAaTH IIBHIKICTH
pyxy terionocist (10 Re = 10%), 1o TexHOIOTIYHO
3MIACHUTH JTyKE BaXKKO.
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PERSPECTIVES OF USING COAXIAL PIPES
AS ANEW WAY OF THE HEAT CARRIER
TRANSPORTATION IN CENTRAL
HEATING SYSTEMS

Rakityanska N.A., Ievtushenko O.V., Dunyak
0.V., Demchenko V.G.

Institute of Engineering Thermophysics of the
National Academy of Sciences of Ukraine, wvul.
Zhelyabova, 2a, Kyiv, 03680, Ukraine

Key words: central heating systems, coaxial pipe,
tube-in-tube, heat transfer coefficient.

The article describes several variants for the
heat carrier transportation in central heating sys-
tems (ideal, real and proposed). It was proved the
unproductive losses on each of them and was rec-
ommended methods to reduce the heat lost. The
proposed variant of the heat carrier transportation
is in the usage coaxial pipes. It was provided the
mathematical description of the new system and
made calculations of the heat carrier temperature
distribution along the length of the pipes depending
on heat carrier speed, pipelines diameter and
material. It was defined the technological para-
meters at which coaxial tube enables to get optimal
thermal-physics indices of the heat carrier.
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