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ABSTRACT

Actuality of research of fluid motion modes in tubes with unsteady, elastic and
flexible walls has been well-founded in the thesis from the applied as well as scientific
standpoint. Analysis of peculiarities of fluid motion in plastic and elastic tubes has been
carried out and results of the above analysis have been presented.

It has been shown that real fluid motion in pipes and channels with unsteady and
flexible walls is characterized by a number of peculiarities that stipulates hydrodynamic
difficulty of the phenomenon and scientific actuality of further research of it.

Basing upon the carried out literary review and analysis of its results, it has been
well-founded that constructive simplification of heat engineering plants as well as significant
reduction of material capacity on the one hand and significant growth of power efficiency of
heat processing plants and heat-exchange apparatuses on the other hand, is possible by using
of unsteady and flexible channels in heat engineering plants. Herewith, basing upon the
review of Hook’s Law and so called flutter mode of real fluid motion for unsteady and
flexible tubes, it has been well-founded that important and multilateral positive effects may
be achieved by using of tubes made with plastic and flexible polymeric materials in heat-
exchange plants. It is known that flutter mode of flow in flexible tubes is characterized by
self-oscillations of the tube wall with distinct frequency that stipulates actuality of research
of the phenomenon in the viewpoint of possible growth of efficiency of heat engineering
processes.

It has been shown that the analytic methods of research of hydrodynamic processes in
the channels with flexible walls, study regularities of ideal fluid flow only and don’t show
regularities of real fluid flows with the exactness required for practical calculations.

Experimental methods of research are still prevailed in order to study the phenomenon;



The thesis bears experimental character on the whole. There are three different
experimental stands and appropriate methodology of research and processing of received
data has been processed by using of them. Experimental stands have been processed in order
to be possible to use them in training laboratories of heat-power engineering fields of
technical higher institutes. Experimental research data made for qualitative inter-comparison
of hydraulic resistance of metal and plastic tubes has been presented. Recommendations for
further research have been expressed basing upon the analysis of the above data.

Distribution of static pressure created to the direction of air flow in the flat channel
with unsteady and flexible wall from the one side and values of the width of the channel have
been measured experimentally. It has been shown that the flexible wall of the channel
changes the curve radius to the direction of flow and balances dynamic impact to its internal
and external surfaces. Geometric sizes and dynamic characteristics of aerodynamic bearing
have been examined, on the basis of which optimal sizes and other characteristics of
aerodynamic bearing have been specified., Methodology of engineering calculation of
aerodynamic bearing having perspective of using in efficient heat processing facilities of
polymeric and other roll materials, have been processed basing upon the analysis of the
above experimental data.

The thesis consists of introduction, five chapters and conclusions. The list of quoted
literature includes 35 titles of mainly foreign sources. Experimental data of sixteen different
series have been provided in the supplement at the end of the thesis, which have been
processed via Microsoft Office Excel 2007 program and presented in tables and diagrams.

The results of the thesis have been approved at two international conferences. The
different parts of the thesis have been published in four scientific articles, including one -

without co-authors.
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CkopocCTb AenbduHa.

[JenbduHbl 04eHb 4aBHO Nepecenunamch C CyLinM B MOPE M fyylle ApYrmX MEKOMUTAoLWmMX
npucnocobmnnch K XnsHn B Boge. Y aenbhrHOB ToprneaoBnaHas obtekaemas copma Tena.
Takas chopMa nomMoraeT nNpeoaoneBaTb CONPOTMBIIEHME BOAbI. [NaBHbI ABUraTENb — 3a4HSIs
XBOCTOBAs YacTb Tena. MnaBHMKK, Tak Xe, KaK y pbib, ciyxaT pynsiMm rnybuHbl U NOBOPOTOB.
[enbdrHbl — 04eHb BbICTPbIE XMBOTHbIE. OHK LYTS NEPEroHAIOT KaTepa, KOTopble MYaTcs Co
CKOpOCTbiO 40 KMTOMETPOB B Yac. YUEHble J0Nro 6UNNCb Haj 3arajikoh — B YEM XKe CeKpeT
TakoW ckopocTu? Boga B 800 pas nnoTHee Bo3ayxa. YTobbl NpeoaoneTs €€ cConpoTUBNEHUE ,
MYCKYIbl AenbduHa AOMKHbI BbITb CUNbHEE, YeM Yy Ha3eMHbIX XMBOTHbIX B 10 pa3. Ho nposepka
Hu4yero nogobHoro He nokasana. Cun Ha 1 knunorpamm Melwy y aenbduHa He bonee, yeM y
TUrpa nam nocs. MoxeT 6bITb CEKPET B KOXKe AenbduHa? Koxxa racut BUXPEBbLIE NMOTOKM,
KOTOPble BO3HMKAIOT MpW ero ABMXXeHUn. ITo 6b110 NOATBEPXKAEHO C LIENb0 UCMOSIb30BaHMS
NOJTYYEHHbIX AaHHbIX B TeXHMKE. ECTb 1 apyrast Touka 3peHnsi. bonblune CKOPOCTU ABMXKEHMS
AenbuHa, CuUMTaloT YYEHble, OOBACHSAIOTCS UCKITIOUMTENBHO COBEPLUEHCTBOM €ro ABUXKeTeNs.
Ho y>xe cenyac NnoCTpOeHbI OMbITHbIE TOPMEAb! M KOpabnn C ynpyron 060104KoM, KOTOpbIE NpU
TOW XX€ CMNIe MalLMHbI ABWXKETCS B MONTOpPA pa3a bbicTpee.

YYEHbIE HALUJTN CEKPET CKOPOCTU AEJIb®UHA

®Ou3MKM 13 SANOHUKM OBHaPYXXWM, KaK MOBEPXHOCTb KOXM AenbtuHa CO3AaeT rvapoavMHammyeckuin scddekT
CKONbXEHUS NOJ, BOAO, 6bnarogaps KOTOPOMY OHWM CTaHOBSITCS BENMKOJENHBIMUA M CKOPOCTHLIMU MoBLUaMK. 3Tu
pe3ynbTaTbl MOryT MOMOYb YUEHbIM NPOEKTUPOBaTL ObiCTpble U 3pdeKTUBHbIE MOASOAKM, NaiHepbI U KaTepa.
Pe3ynbTaThl MccnegosaHns onybamkoBaHbl B xypHane Turbulence.

YyeHbIM AaBHO WM3BECTHO, 4TO ,ElEJ'IbeVIHbI o6r|anar0T 0cobbiMK OopraHaMmn B TeNie, KOTOpblE MoOMOratoT MM
YMeHbLUaTb AaBJIEHWE BOAbl Ha KOXY. Ho A0 CUX NOp HWUKTO HE 3Hasl, UrpaeT IM CaMa MArkasa rfagkas KoxXa
AenbhuHa TakkKe XU3HEHHYIO Posib B NMPUAAHWM TeNy ONTUMasbHOM 06TekaeMol hOpMbl U MOYEMY OHU MEHSIIOT
CBOIO KOXY KaXkaple 2 vaca.

YTo6bl MOMNpo6oBaTh posib KOXM AenbdUHOB uccneaosatenu mu3 Kuotckoro MHCTUTYTa TexHomoruii B AnoHum
MpoBenn [AeTafibHOE KOMMbIOTEPHOE MOAENMPOBAHME [BWXKEHWSt MOTOKa BOAbl MO KOXe AenbduHa.
OKa3anock, YTO 'MArKOCTb' MK 'BOSIHUCTOCTB' MX KOXXM MOMOratloT YMEHbLLIATb TPEHME B MPOLIECCE CKOMbXEHUS B
Bofe. OHM TaKKe OBHapYXWWM, UYTO MOTEpPs YacTWLL KOXM MO BCEMY Teny CO3[aeT B MpPOLECCE ABUXEHMS
BOAOBOPOTHl BOAbl, KOTOPbIE CrNAXWBAlOT TPEHME C MOTOKOM BOKPYr MOBEPXHOCTM fAefbduHa, KOTOPbIN
3aMef/IfoT ero ABMXKEHHE.

lNpuMeHeHne aHanoruyHbIX ﬂenbd)VIHbVIM TEXHONOMMIN CKOJSIbXXEHUS B BOAE npun CTpouTenbCTBE CYyAOB U
CY6MapMH, NO3BO/IUT 3HAYNUTENIbHO NMOBbBICUTb CKOPOCTb ABUMXEHUA Kopa6ne17|.
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dbb.aod%g. 13.5 143.1388 | dlb.aoddg. 13.5 0.000143
Mboodks | 8 50.26548 | Alb.godig. 8 5.03E-05
0 Jn®0 6.5 33.18307 09§00 6.5 3.32E-05
boddaky. | 6 2827433 | Lodkuiy. 6 2.83E-05
b5>T.9594 3. 5.8 26.42079 | Lod.a0d4 3. 5.8 2.64E-05
V50,0043, 3 7.068583 | V320043 3 7.07E-06
gb®ogro ©-34
(AP=1520 93 (y. Lg.)
Lohdom@q, 9/(3 ®90bman. @ozbao

dobogs | osdyd, 386“@820 O.E(Y)gzof);](ﬁ. dobogeo 05890- 386.?;@86? 3(*)(;)3335).
l3ogn 9bdo 13 2.414198 l3ogn 9bdo 13 24031.06
e, 11 2.006289 AR, 11 168983
l3ogn 9bdo 8.4 1.553737 l3ogn 9bdo 8.4 9993.407
0 30bo 5.6 1.471409 @ 30bo 5.6 6309.259
V3-99@oe. 4 1.290181 V399 0. 4 3951.55
b.aodky | 135 2.350354 | Alb.godds. 135 24295.39
dbb.aod%g. 8 1.512285 | dlb.gyoddg. 8 9263.613
0900 6.5 1.531078 | mgm©o 6.5 7620.222
BB &k, 6 1.350982 | LoDy, 6 6206.653
b>d.2534 3. 5.8 1.328516 | Lod.a0d4 3. 5.8 5899.997
Vg-209%3. 3 1.193015 | {g.20943. 3 2740.464
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agb®ogoo ©-3.5

(AP=2025 99 y. Lg)

dologns 005390 ®. ‘dggl. (9 dologns 0539 . 336?3{?;?2?:0252:632360
dbb.aod%g. 13.5 5.73 | b3ogngbdo 13 6.96
l3ogn 9bdo 13 6.96 | 999-9gme. 11 11.61
95 BOLD. 11 11.61 | L3ogngbdo 8.4 26.11
L3ogngbdo 8.4 26.11 | ®30bs 5.6 65.23
dbb.aod%g. 8 27.53 | {3.99@oe. 4 157.52
090 6.5 39.81 | dbb.ao34 3. 13.5 5.73
Lo>d.dydy. 6 55.22 | dbb.ao34 3. 8 27.53
bod.004 3. 5.8 63.54 | mgm®o 6.5 39.81
®30bs 5.6 65.23 | Lod.dyky. 6 55.22
V3-99&ow. 4 157.52 | bod.q09%3. 5.8 63.54
V3-05943. 3 264.53 | {3.909%3. 3 264.53
3gb®ogoo -3.6
(AP=2025 93 (y. Lg.)
dobiogns [osdg@B®o Lohomg, a/{a dobogms  0sdgB®o amGﬂQm%g/(gg bofigo®y
dgBogdo | 3@ 0dg®godo dgBoe gdo | 3merodgdgdo
L3ogn 9bdo 13 0.416667 L3ogn 9bdo 13 0.000417
-G, 11 0.249785 )-GO, 11 0.00025
L3ogngbdo| 84 0.111069 L3ogn 9bdo 84 0.000111
306 5.6 0.044458 ®30bo 5.6 4.45E-05
{3-99& 0. 4 0.01841 V399 ow. 4 1.84E-05
dbb.yodkg| 135 0.506108 | dlb.god4g. 135 0.000506
Ibb.yodkg. 8 0.10534 | dlb.god4 3. 8 0.000105
0 9§n@0 6.5 0.072846 | 0gm©o 6.5 7.28E-05
bod.dndy. 6 0.052517 | Lod.doky. 6 5.25E-05
L3ogn 9bdo 13 0.045641 | Lod.253%3. 58 4.56E-05
- RO, 11 0.010963 | {3.55943. 3 1.1E-05
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gb®ogoo ©-3.7
(AP=2025 93 (y. bg.)

SGOMMdo, 992 SGOMmMdo, &

dobogrs | ooy 83@);{3“360 30@0dg@. dobogs 0580 3360?0360 30@0dg@.
b3ogn 9bdo 13 132.7323 L3ogn 9bdo 13 0.000133
maaom. | 11 95.03318 RO 11 9.5E-05
b3ogn 9bdo 8.4 55.41769 L3ogn 9bdo 8.4 5.54E-05

% g0bo 56 | 24.63009 % gobo 5.6 2.46E-05
V30900, | 4 12.56637 V3990 05. 4 1.26E-05
ibaodds | 135 1431388 | Alb.godkg. 135 0.000143
bpodig | 8 50.26548 | ALb.go0ig. 8 5.03E-05
0 Jn®0 6.5 33.18307 09§00 6.5 3.32E-05
boddady. | 6 2827433 | Loddaly 6 2.83E-05
b5>T.9594 3. 5.8 26.42079 | Lod.a0d4 3. 5.8 2.64E-05
V5-050%3. 3 7.068583 | (420045 3 7.07E-06

3gb®ogro ©0-3.8
(AP=2025 93 (y. Lg.)
Lohdom@q, 9/(3 ®90bma. @ozbso

doboges | osdyd. 386“@820 83(*)2»033(4). dobogeo 0590- 386.?;@86? 3(*)(;)3335).
L3ogn 9bdo 13 3.139151 l3ogn 9bdo 13 31247.29

93- eI, 11 2.628394 -G, 11 22138.08
L3ogn gbdo 8.4 2.004207 L3ogn 9bdo 8.4 12890.77

@306 5.6 1.805031 @306 5.6 7739.796
V3-39@oa. 4 1.46505 V399 0. 4 4487.136
Ibb. o3k, 13.5 3.535786 | dLb.aoddg. 13.5 36549.09
Mboodks | 8 2.095665 | dlb.po0ks. 8 12837.15

(GATION) 6.5 2.195276 0§ ®0 6.5 10925.95
Lod.kady. 6 1.857416 | ULod.doky. 6 8533.305
1o>d.004 3. 5.8 1.727448 | 153.034 3. 5.8 7671.667
Va.00043. 3 1550925 | V35043, 3 3562.614
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agboogno ©-4.1

J9ombydo ®9dbme. skod. a@dogo dogns B9dbme. skod. addogo dogrs
3OMGOE0bsE0 1044 6/3 54,08 6/9
(a®o9bo) (6930, 36/ @O ghml Loldg, 99 {6930, 36/ ©aAghml Loljg, 99
0 2.03 292
10 1.9 2.85
15 1.87 2.8
20 1.88 2.7
30 1.96 245
40 1.96 22
45 1.96 195
50 1.96 1.73
60 1.96 14
70 1.85 1
75 1.71 0.8
80 04 0.6
90 -0.33 0.18
105 -0.03
6
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gb®ogo ©-4.2

Juobymo B9dbma. ©okod. gmdogo dogns B9dbme. okod. addogo dogns
3MMAE0bsE0 1044 6/9 54,08 6/9
(a®ogbo) V693, d6/82 A ghml Lolg, 99 V6939, (36/32 @ 9hml bob]g, 99
0 2.08 22 1.08 2.66
10 2.05 2.18 1.05 2.75
15 1.99 2.1 1.03 2.62
20 2.05 1.9 1.05 25
30 2.06 1.8 1.07 22
40 2.06 1.65 1.07 1.9
45 2.06 145 1.07 1.6
50 2.05 1.25 1.07 1.3
60 2.05 09 1.06 0.85
70 1.98 0.5 1 0.36
75 1.94 03 0.94 03
80 0.8 022 0.7 02
90 -0.18 0.16 -0.078 0.18
105 0 0.1 -0.002 0.15
4
=
T 35 *
= ||
&
e 3
a
||
s
& 2.5 o
>
&
N 2
=
5 & b
3 |
L_? 1.5
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gboogro ©-43

J9ombydo ®9dbme. skod. a@dogo dogns B9dbmen. @okod. a®dogo dogns
3MMAE0bs@o 1044 6/9 54,08 6/9
(a®o9bo) (6930, 36/ @O ghml Loldg, 99 (6935, 36/ ©aAghml Loljg, 99
0 1.99 32 1.007 4.05
10 1.98 3.15 1.01 395
15 1.98 3.05 0.995 382
20 1.99 297 1.01 3.7
30 1.99 275 1.011 335
40 1.99 245 1.011 297
45 1.99 223 1.011 25
50 1.99 1.95 1.011 2.1
60 1.98 145 1.003 1.75
70 1.94 095 098 09
75 192 0.75 0.921 0.75
80 1.5 0.55 02 0.6
90 0.051 02 -0.091 0.1
105 -0.004 -0.0015
4.5
o
= |
= |
< 35
)7 X
3
7~
4
2.5 =
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=
SE 2 y
=
= x
1.5
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gboogno ©-44

J9ombydo ®9dbme. skod. a@dogo dogns B9dbmen. @okod. a®dogo dogos
3MMAE0bs@o 1044 6/9 54,08 6/9
(a®o9bo) (6930, 36/ @O ghml Loldg, 99 (6935, 36/ @A ghols Lolg, 39
0 1.994 24 1.046 33
10 1.994 235 1.046 298
15 1.994 229 1.08 291
20 1.995 225 1.05 2.85
30 1.995 2.1 1.046 2.55
40 1.995 195 1.046 225
45 1.995 1.77 1.046 1.99
50 1.995 1.6 1.046 1.75
60 1.995 1.15 1.046 127
70 1.971 0.7 1.023 0.7
75 1.952 0.51 0.995 0.58
80 1.01 035 0.5 045
90 0.043 0.15 -0.113 0.15
105 0 0
3.5
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gboogro ©-45

Jaobymo B9dbma. ©okod. gmdogo dogns B9dbma. okod. yddogo dogns
3MMAE0bsE0 1044 6/9 54,08 6/9
(a®ogbo) V693, JB/HZ A ghml Loldg, 99 V6939, (36/32 oA ghol bolg, 99
0 1.967 3.05 1.01 3.7
10 1.97 3.05 1.01 375
15 1975 3 1.01 36
20 1.98 2.95 1.01 35
30 1.979 2.62 1.02 33
40 1.97 2.35 1.01 2.8
45 1.975 2.15 1.01 25
50 1.97 1.9 1.009 22
60 1.967 14 1.007 1.65
70 1937 0.8 1 0.95
75 1.885 0.63 0.932 0.75
80 1.05 0.5 0.5 0.55
90 0.00392 0.15 -0.07 0.15
105 -0.07 -0.039
4
x X
- e
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agboogno ©-4.6

Jaobymo B9dbma. ©okod. gmdogo dogns B9dbma. okod. yddogo dogns
3MMAE0bsE0 104,4 6/9 54,08 6/9
(a®ogbo) V693, d6/32 A ghml Loldg, 99 V6939, (36/32 oA ghol bolg, 99
0 1.96 23 1.023 2.95
10 1.96 23 1.025 29
15 1.963 225 1.03 2.85
20 1.965 2.16 1.026 2.8
30 1.967 193 1.023 24
40 1.968 1.65 1.025 225
45 1.969 1.5 1.027 1.93
50 1.968 1.35 1.025 1.55
60 1.967 1 1.023 13
70 193 0.58 0.98 0.75
75 1.905 045 0.952 0.57
80 1.135 0.33 0.642 04
90 -0.109 0.1 -0.164 0.25
105 0 0.001
3.5
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agboogno ©-4.7

Jaobymo B9dbma. ©okod. gmdogo dogns B9dbma. okod. yddogo dogns
3MMAE0bsE0 104,4 6/9 54,08 6/9
(a®ogbo) V693, d6/32 A ghml Loldg, 99 V6939, (36/32 oA ghol bolg, 99
0 1.975 298 1.042 375
10 1.981 2.8 1.042 3.73
15 1.987 272 1.042 3.66
20 1.985 2.65 1.042 36
30 1.983 242 1.042 3.14
40 1.978 228 1.042 29
45 1.978 2.03 1.042 2.55
50 1.978 1.8 1.042 22
60 1.978 1.35 1.035 1.6
70 1.953 0.86 1.014 1.18
75 1.928 0.67 0.952 1.04
80 0.8 0.55 0.53 0.7
90 -0.183 02 -0.157 027
105 -0.003 -0.0063
4
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agboogno ©-4.8

Jaobymo B9dbma. ©okod. gmdogo dogns B9dbma. okod. yddogo dogns
3MMAE0bsE0 104,4 6/9 54,08 6/9
(a®ogbo) V693, d6/32 A ghml Loldg, 99 V6939, (36/32 oA ghol bol]g, 99
0 1.983 222 1.034 3.03
10 1.983 2.1 1.036 292
15 1.983 2.05 1.038 2.82
20 1.983 1.95 1.04 271
30 1.983 1.82 1.042 247
40 1.983 1.67 1.038 232
45 1.983 1.53 1.038 2.01
50 1.983 1.38 1.038 1.7
60 1.975 1.08 1.038 13
70 1.956 0.78 1.038 0.68
75 1.936 0.61 0.987 0.52
80 1.002 042 045 035
90 -0.062 03 -0.148 02
105 -0.0001 -0.004
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