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AN BiA60opy HU3bLKOMNOTEHLiMHOT TeNNoTH
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'1-p Texn. Hayk, npodecop, KuiBchbkuii HaliOHATBHUI yHIBEPCUTET Oy [IBHHIITBA i apXiTEKTYpH
’kaH/1. TEXH. HAyK, JOIEHT, KHiBChbkMil HAliOHANLHMI YHIBEPCHTET OY/IiBHULITBA i ApXITEKTYpH
Simxenep, KUiBchbknii HalliOHATBHUH YHIBEPCUTET OYIiBHUIITBA i apXiTEKTYpH
“acmipanT, KuiBchbKuii HAIIOHATBHUI YHiBEpCHTET OYIiBHUIITBA i apXiTEeKTypH

Bukonano ananimuune 06epyHmy8anHs KOHCMPYKYIi 060~ i vomupu mpyoHo20 meniooOMiHHUKA.
Hasedena memoouxa 6uKoHaHHs eKCNEPUMEHMANbHUX OO0CHIOHCEHb 080MPYOHO20 MpyOYamo-
MIKPOWITUHHO20 MENTOOOMIHHUKA, A MAKONC HABEOEHO Pe3yIbmamu 1020 eunpoyeats.

Knrouosi cnosa: mennioo0OMIHHUK, eapsie 8000NOCMAYAHHS,
eHepeoeheKmusHicmy.

Beryn. Tlonepennimu  npocmimpkeHHsmMu  [1,2] nmoBeneHO BHCOKY e()EKTHUBHICTh
TEIIOO0OMIHY B MIKPOIIUIMHHAX KaHAJaX, PO3Mip SKHUX € MEHIIUM 3a TOBIIUHY
JaMiHApHOTO TIPOIIAPKy Tpu OyAb-IKUX 3HAYEHHSIX uucen PeifHoibaca, a Takox
3HaYHO MEHIIMX 3a MacimTad TypOyJeHTHOCTI Ta MiHIMaJbHHMX PO3MIpiB HapoOBUX
Oyinp0Oamok. TeopeTHYHO 1 EKCIEPUMMEHTAJIbHO OJEP)KaHO BHCOKI 3HAYCHHS
KoedillieHTa TEIUIOBIUIaui BiJ CTIHOK KaHAy JO BOJHU, IIOKAa3aHO BiJICYTHICTh
CKHUTIaHHS TIepPerpiToi BOAM B TaKMX KaHalaX 1 JIAMIHAPHUN XapakTep PyXy PiIHHHU B
HUX He3alekHo Big uucna Pelinonbaca (mpu Re>10%).  ExcrepuMeHTanbHO
MIATBEPIPKCHO PE3YNIbTaTH TECOPETUIHUX BHUCHOBKIB [3] MpO HE3MIHHICTH 3HAYCHHS
gucen HycenbTa npu TetuiooOMiHI B TAKUX KaHAIAX:
—1npu t=const  Nu=4,84 (0qJHOCTOPOHHIN TEIUIOOOMIH);
— Nu=7,56 (71BOCTOpOHHIH TEIJIOOOMIiH);
—npu g=const  Nu=5,40 (ogHOCTOPOHHIH TemI000MiH);
Nu=8,24 (7BOCTOpPOHHII TEIIIOOOMiH).
OpHak, eKCIIEPUMEHTANILHE TATBEP/KEHHS IIUX ITOJIOKEHh BUKOHAHO TLTBKU
Ha MaKETHUX 3pa3KaX HIUIMHHUX MIKPOKaHAIIB 3 OJIHOCTOPOHHBOIO TEIUIOBIIAYCtO
IUIs pexuMy t = const. JloCTipKeHHS TeIT000MIHHUKIB TIPOMHCIIOBOTO THITY 33 YMOBH
( = const — HE IPOBOAUJIHCE.
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Mertoro naHoi po6oTH Oyia po3poOka KOHCTPYKINH TpyOUaTO-MiKPOIIITHHHUX
TEMI00OMIHHHUKIB IS BIABEAECHHS HU3bKOMOTEHIIIMHOI TEINIOTH CKUAHOI BOIU CHUCTEM
rapsaoro BOJOINOCTAYaHHS JUIS IOTNEPEIHHOrO HArpiBy BOJOMPOBIAHOT BOJIH.
Po3pobneno nBo- Ta YOTHPUTPYOHHH TPyOUATO-MIKPOLIUIMHHI TEIIOOOMIHHHUKH.
Cepen nepeBar IBOTPYOHOTO TEINIOOOMIHHUKA € MTPOCTOTa HOTO KOHCTPYKIIi, a cepen
HEJOJIKIB: MEHIAa TMOBEPXHS TEIUIOBIa4i TOPIBHSIHO 3 YOTHPUTPYOHHM, dYepe3
OJTHOCTOPOHHIO TeIUToNepeady BiJl CKHUIHOI 70 BOJOIPOBIIHOT BOJAM Ta MEHIIE
3HaueHHs yucia HycenbTa.

1. Po3paxyHok nJis1 ABOTPYOHOr0 TPY0UATO-UIIIMHHOTO TEIJI000MIHHMKA

N\

Puc. 1. Kounctpykuist 1BOTpyOHOTO TpyOUaTO-IIITMHHOTO TEITIOOOMIHHIKA:
1 —Ttpyba ¢ 26.6x2,3; 2 - TpyOa ©32x2,5; 3 — KibIeBa MiHHA TOBIUHOIO 0,2MM

1. IBUIKICTH CKUIHOI BOIU:
Voo _ 17107%
€K 7 0,785-d2,  0,785-0,0222 0,447.m/c,
ne Ve — o0'em ckumuoi Bogu (M’/c); dew — BHYTpilIHIN miametp TpyOH
026.6x2,3(ds =0,022m).

2. Busnaugaemo umcio PeliHonmbaca:
Re = Wer Aoy 0,447-0,022

= —= =1,22-10%
Ve 8,05-10~7

1€ Vex — KOe(iLiEHT KIHEMaTUYHOI B SI3KOCTI CKHUIHOT BOIH (V=8,05-1077 M%/c).

3. Busnauaemo uncno Ilpanans ans ckugHOi Boau mpH teps=21,5°C, Ta ams
CTIHKH MPH teper=25,75°C[4]:
P9 = 6,78
B.,=61

4, Busnauaemo uucno Hycenbra [5]:

Prps\ 6,78\
Nu = 0,021 Re®® - p)3° (PT—""> =0,021-(1.22-10%)%8 - 6,78043 (H) =91,24
rem ’

5. Busnadaemo koedillieHT TEIIOBi A4l CKUIHOT BOY:

Nu-1, 91,24-06 B
= = = 2488 Bm = 2,488 kBm
“T o d, 0,022 /6K /6K

1€ Acx — KOGQILIEHT TEIUIONPOBIAHOCTI CKUAHOI BOIH (Ae =0,6 BT/(M°K)).

(04
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6. Busnadaemo TeruioBiady BOJONPOBIAHOI BOAW JUISl  KiJBIIEBOTO
MIKpOKaHally 3 OJHOCTOPOHHBOIO TEIUIOBIAJAYEI0, JUIS TAaKOro KaHAIy MpH
q =constNu = 5,4 1 f crana Benmmunna[ 1]:

_Nu-2, 54-599-107?

“= g, aaon 008 o (2K = 8806 <o (?K)
e As — KoediIlieHT TETUTOTIPOBITHOCTI BOJIOTIPOBITHOT BOIH
(A%=59,9-102 Br/(M'K))

dexs = 2:6=2-2-10*=4-10"* (m)
7. Busnadaemo koedilieHT Terionepeaayi:

o _dz _ _0,0266_ Bm

a, = a, 4 = 8086 0,022 =9776 /(MZ'K)

1 1 1
k=c=1—g=—7T" =1983Bm/(M2_K)
o " @ 748 9776

8. BuzHauaemo TEIIOBHI MOTIK:

q=k-F-At =1983-0,0835-8,5 = 1407 Bm/,, = 1,407 kBm /| (1)

F=n-d»1=3,14-0,0266-1=0,0835 — mioma Temiooominy (M?);
ne d» — 30BHIMHIN giameTp Tpyone26.6x2,3(d, =0,0266 M), 1 — noBxuHa TpyOH

(I=1m), At — cepeans pi3HHLS TEMIEpaTyp MK MOBEPXHEIO CTIHKH 1 TEeMIIEpaTyporo
Boau (At =8,5°C).

11. Po3paxyHoK AJisl YOTHPUTPYOHOT0 TPYOUATO-IITHHHOIO TEeII000OMiHHMKA

Puc. 2. KoHCTpyKIist 40OTHPHTPYOHOTO TPyOUATO-IIIIMHHOTO TEITIOOOMIHHIKA:
1 — BcraBka 942x1,0 (3armyruena tpyo6a) ; 2 — tpyba 953,4x1,7;
3 —1py6a 058x2,0; 4 — Tpy6a ¢68x2,0; 5 — Kinblesa miinvHa TOBIIMHOW 4 MM; 6 — KijblieBa IIUIMHA
TOBIIMHOIO 0,3MM; 7 —KiJbIieBa LIiIMHA TOBIIMHOK 3MM;

1. ExBiBaJICHTHHI iaMeTp IJIS IPOXOTY CKUIHOI BOIH:

de = ds - deH (2)
- 3a popmynoto (2) mns minuaY 1:

d,y =d, —d; =0,05-0,042 = 0,008 m

- 3a dopmyroro (2) mis miiuHA 3:
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d, =dg—ds =0,064—0,058=0,006m
ne di — 3oBHimHIA miamerp Tpyom @42x1,0(di=0,042m); d» — BHyTpilHIHA
nmiametp Tpyom ©53,4x1,7(d> =0,05m); ds — 3oBHImHIN nmiamerp Tpyom @58x2,0(ds
=0,058m); ds — BHyTpimHiIA nmiametp Tpyom ©68x2,0(ds =0,05M). ExBiBaneHTHUit
JliaMeTp IS IPOXO.Ty BOIOTIPOBITHOT BOIU:
d,=26 =2-3-107*=6-10"*(n)
e & — mupuHa Mikpoutinuau (§=3-10" m)
2. HIBHIOKICTH pyXy CKHIHOT BOJIU:
W = 3)
np
- 3a popmysioro (3) s miauaM 1:
V.. 85-1075
W, = o =578 107 0,147 m/c
- 3a dhopmyroro (3) mis miTuHA 3:
V.s 85-1075
W, = [ =575.10% 0,148 m/c
ne fup1,fups — miomma mepepisy urinuan 1Ta MITUHA 3 BiAOBIIHO:
fur = 0,785 (d,* —d;?) =0,785- (0,052 — 0,042%) = 5,78 - 10~ *»?
ne fup3 — TuIoIIa nepepizy uinuHu 3:
fups = 0,785 (de”* —ds?) = 0,785-(0,064* — 0,058%) = 5,75 - 10~*x?
3. Kpurepiii Peitnonpaca:
Re =—"— 4
- 3a popmyoro (4) mis mriman 1:
W, -d, 0147-0,008
Re, = » = 805-10~7 1460
- 3a dhopmyIoro (4) s miTAHA 3:
W,.s-d,s 0,148-0,006

Re; = =505 107~ 1103
4. Kpwurepiit Hycenwta[5]:
s os (PTo 0,25 %18
W =0017-Reo®pytt (L) (&) ;
u e oo Pr. 4 (5

- 3a dhopmynoro (5) mus mimaHu 1:
Pr 1025 /4 018
Nuy = 0,017 - Re{® - BY*- ( ) : (d—z) =
1

Pr,,
6,78\%%° ;0,05 \%8
. (= = 13,17
6,1 ) (0,042)

=0,017-1460%8 - 6,78%* - (
- 3a dhopmyrnoro (5) mus miTuHA 3:

PT' 0,25 d 0,18
Nu =0,017-Re°'8-P°'4-( ) (—6) =
3 3 r3 Prcm d5

=0,017-1103%8 - 6,7804 (6’78)0’25 (0’064)0'18—10 38
o ’ 6,1 0,058 o

5. Bu3Hauaemo KOedillieHT TEIUTOBIIIa4i CKHTHOI Ta BOJIOTIPOBITHOT BOJIH:
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a _ Nu1 - ACK (6)
cxl del

- 3a dhopmyroro (6) mus miTuHy 1:

Nu, -4, 13,17-0,6 Bm
Qo = =008~ 200 /K
- 3a dhopmyrnoro (6) Iy MTHHA 2:

Nu, -1, 8,24-0,6
= = = 8240 Bm

s d,, 6-10~% / (M%K)
- 3a ¢popmynoro (6) amns miinuau 3:

Nus; -1, 10,38:0,6

= = = 1037 Bm
Foe3 =0, 0,006 /6K
6. Busnadaemo koedillieHT Teruionepeaadyi:
1 1
R .1
aCK + a;f

_ dy 8240 0,054
To= ™y = 0,0534
ne ds — BHyTpimHIA miametrp Tpyom ©58x2,0(ds =0,054m), d; — 30BHIITHINA
niametp Tpyou 953,4x1,7(d; =0,0534m).
- 3a dopmynoro (7) ans urinuam 1:
1 1 1
- - — — B
T S Sl S S R R'e
@uq @, 988 83326
- 3a dhopmyroro (7) mus miTaHy 3:
1 1 1
- — — B
k=g Ty =922 e i

= 83326 5/ 2y

1037 = 83326

7. 3a dhopmymoro (1) BU3HaYaEMO TEIIOBHH MOTIK:

- U ey 1

q1 =kq-F;-At; =883-0,157-85=1178 Bm/mu

- JUIS LIUTAHA 3

qz = k3 F3-At; =922-0,182-8,5 = 1426 Bm/m

e Fp=m-d, 1=3,14-0,05-1=0,157m*, F;=m-ds-1l=3,14"
0,058-1 = 0,182 m?

8. CymapHa TerioBiiayva:

q1+q3=1178+ 1,426 = 2,604 xBm/m

L2053 a;f

III. Metoanka mnpoBedeHHsS] €KCNEPUMEHTAIbHUX JAOCTIKEHb BOTPYOHOTO
TPYOUATO-IIITMHHOTO TEMI000MiHHMKA

MeTow TigpaBIiYHUX JOCHI/DKCHb € 3HAaXO/DKCHHS BEJIUYMHU BTPAT THUCKY
OXOJIO/KYIOUOT BOJM TIPU TMPOXOJDKECHHI Yepe3 TEIUIOOOMIHHHUK B 3aJIE)KHOCTI Bif
KUTBKOCTI BOJIH, IIIO TIPOXOIUTH Yepe3 TEIIIO0OMIHHUK.
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MeTo0  TEIDIOTEXHIYHUX  JIOCHIDKEHb €  3HAXOMKCHHS  TOTY)KHOCTI
TEIIO0OMIHHHMKA B 3aJISKHOCTI Bifl cepeiHbOi JIorapuMiuHOi Pi3HUII TeMIlepaTyp
MIDXK XOJIOJTHOIO Ta HarpiTOIO BOJIOIO.

HocnimxenHs mnpoBoasitees Ha TtemiooOMinnukax (TTT 01.000.00, TTI]
01.000.00) 3 MeTOrO TIEpEBIPKA OCHOBHUX IOJIOKCHB, IPUHHSITHX P KOHCTPYIOBAaHHI
TEINIOOOMIHHHKIB JAJI1 BUKOPHCTaHHA IOTEHIialy CKWAHOI BOAM JUIA HAarpiBy
BOJIOIIPOBIIHOI BOJIM, BU3HAYAIOTH 1 KOSPIIIEHT TEeIUIONEpeaadi.

ExcnepumenTtansHuii creHn (puc. 3) NpU3HAYCHUH Ui TEIUIOTEXHIYHHX 1
TIAPABIIYHAX TOCHIHKEHb PI3HUX TEIUIOOOMIHHHMKIB TOBEPXHEBOTO THIY. B sIKOCTI
reHeparopa TEIUIOTH B JaHOMY CTEHJI CIIy)XaTh J1Ba 0aku, 00’emMoM 1o 601 KOXKHUIA,
Bil SKHX BOJa 3a JOIOMOTOI0 HAcOCYy IPOXOAWTh B TEIIOOOMIHHWK. B mamiit
JIOCIIHIM  YCTaHOBII mepeadavyeHa MOXIIUBICTh BU3HAYCHHS OLIBII  TOYHUX
TIIPaBIIYHAX TTOKA3HHUKIB 3a JIOMOMOTOI0 OaiimacHoi JIiHii 1 peryrordoi apMaTypy B
JpyroMy KOHTYPi, SIKi 3a0e3MedyloTh poOOTy HAcocy MpH Pi3HUX BHTpAaTax BOIU Y
BHMiPIOBaJIFHOMY TEIUIOOOMIHHHUKY B CTa0lTbHOMY PEKHMI.

ExcriepyiMeHTaibHA yCTAaHOBKA MPAIFOE TAKUM YHHOM:

- TETUTOOOMIHHHK TPHUETHAHUH 10 MIUIAHTIB KOHTYPIB rapsdoi 1 XOJIOIHOT BOAH 3a
JOIIOMOTOI0 XOMYTiB, IO 3aKPIIUIIOIOTH IIJIAHT Ha INTYLEp 1 BIAMOBITHUX (IIaHIiB;

- 3a JOIMOMOTOI0 CHJIIKOHOBHX IIJIAHTIB TETUIOOOMIHHUK IMiJKIIOYA€THCS [0
CUCTEMH TIiJIBEICHHS Ta BiJIBEJCHHS BOJIH 33 JBOMA KOHTYPaMHU;

- Ha MIJAHTaX JI0 TEIIOOOMIHHWKA 1 ITCIII HROTO BCTAHOBJICHO I’ €30METPUIHI
TpyOku Ta naboparopHi XK-Trepmonapu;

- HarpiBanbHi TEHWM, 1m0 BCTaHOBIIOIOTHCS Y BOMOTPIHHUX €MKOCTSAX Uepe3
perymotounii  TpaHcpopmatop PHO minkmioueHO 10 eNEKTPUYHOI  Mepexi.
PerymroBaHHs BinOyBa€ETHCS BPYIHY;

- BUMIpDIOBaHHS Hampyru 1 CHIM eJNEeKTPHUYHOrO CTPYyMYy 1 TMOTYKHOCTI
HarpiBarbHHX TEHIB 3mifiCHIOETECS 32 JOTIOMOTOI0 BHCOKOTOYHHX amIlepMerpa i
BOJIETMETDA.

IMoxubka Mix KoedillieHTaMH TEILIONEpeaadyl aHaJITHYHUX PO3PAXYHKIB 1
EKCIICPUMEHTAIBHUX Pe3yJbTaTiB ckianae Omu3pko 6%. KoedimienT Teruionepenadi,
OTPUMAaHHKA B pe3yJbTaTi EKCICPUMEHTY, MEHIIMA HIK KOCQIII€HT TeIuIonepenadi 3a
AHATITHYHUMHA po3paxyHkamu. [le MokHA OSICHUTH THM, 1110 MiKPOIIJINHA, OTpUMaHa
B pe3yabTaTi KOHCTPYIOBAHHS TEIUIOOOMIHHHMKA MO)KEe OyTH OibIlia 3a po3paxyHKOBI
200MmkM, BoHa Moske cknamaTti 210...220 MxMm.

BucHoBku.

L. ExkcriepuMeHTanbHi  TOCTI/DKEHHS JIOBEIM MOXJIMBICTh BHKOPUCTAHHS
MIKpPOKaHAJIbHUX TETUTOOOMIHHHKIB ISl TIONIEPEIHBOTO HAarpiBy BOAM 3a PaxyHOK
BUKOPHUCTaHHS HU3bKOTIOTCHIIIMHOT TEIIOTH CKUIHOT BOJIH.

2. Pe3ynbrati eKCIIepUMEHTATBHUX TOCHIKEHDb MMOKA3aIH, 110 KOS(iIlieHT
Terionepeaaydi BiJ CKUAHOI BOAM JIO BOJOIPOBIAHOI BOJM BIAPI3HSIIOTHCS Bif
TEOPETHUYHHUX 1 PO3PaXyHKOBHX 3aJI€KHOCTEH Ha BenuuHy A0 20%.

3. ExkcriepuMeHTanbHi AOCTIHKCHHS TOKa3aJld MOXKIIUBICTh BHKOPUCTAHHS
TaKUX TEIIOOOMIHHUKIB B iama3oHi BUTPAT CKUIHOI BOIH 10 15 1/XB.

3anpornoHOBaHAa ~ KOHCTPYKISE — amapaTty 3 BUKOPHUCTaHHIM  TpyOuaTo-
MiKpOKaHAJIbHUX TEIIOOOMIHHMKIB IJIs1 TONMEPEIHBOr0 HarpiBy BOAONPOBITHOI BOAM
3a paxyHOK BHKOPHCTaHHS IOTEHITIaTy CKHIHOI BOIU 3 (PLIBTpAIi€l0 CKHIHOI BOJIH.
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UcnepoBaHue TpyGyaToro MmKpolueneBoro TensioobMeHHUKa
Ansa otéopa HU3KONOTEeHUUarbHOW TENNOThbI.

3.C. Mankuh, N.3. dyptaTt, M.W. ObsaukoB, A.O.O6ugHbIK
Ilposedeno  anmanumuueckoe 000CHOBAHUE KOHCMPYKYuU O08YX- U  demvlpe MpPYOHO20
mel’lﬂ006MeHHuKa. Vrazana Memoz)uka npoeedenuﬂ IKCnepuMenmailbHoblxX ucmedoeaﬁuﬁ

08YXmMpPYOHO20 MPYOUAMO-MUKPOWENE8020 MENI00OMEHHUKA, a MAKdce YKA3aHbl pe3ylbmanbvl
e20 ucnvimanuil.

Kniouegvie cnosa: Menio0OMeHHUK, 2opsiuee 8000cHabCenUe,
SHEpeo3ppexmusHocmo.

Research slotted tubular micro heat exchanger for separating
low-grade heat.

Malkin E., Furtat I., Diachkov M., Obidnyk A.

In this article, analytical reasoning of construct of two- and four tube heat exchanger was
carried. Methodology of carrying out experimental researches of two tubular-micro slotted heat
exchangerwasindicated. The article includes the results of its tests.
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