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でぎとぴごé 19. ぜだがぎずごづだゑんぞごぎ ぢづだぴぎででだゑ ぢづご どづんぞでぢだづどごづだゑとぎ 
ぞぎぱどご ご ゎんげん. 

wall friction over the pipeline and reduction of wall friction relative to high-viscosity core due to formation of water ring. 
The local hydrodynamic parameters are represented also for mixture complex flow. The data describe the behavior of 
friction factor at the condition of steady turbulent flow (D=5,6mm. Umix=2.1 m/s, でw=0.3). It is obvious that in the 
process of flow motion in the proximal part of the pipeline (x=50 mm) the stable convective and diffusion interactions are 
formed. They are formed in the processes of momentum transfer and mass transfer which can be predicted by 
implementation of applied research of friction based on the correlation (な -x) in the zone x>= 0,05 m. 

 
Fig. 6. Distribution of wall friction over the pipeline (D=5,6mm). 

Umix=2.1 m/s, でw=0.3). 
 

Thus, the research helps to predict how the changes of physical characteristics of dynamic structure of the 
mixture entering the pipe in conditions of unstable phase motions influence on flows and mass exchange. The 
mechanisms of flow influence on the phase interface are pointed. The generalization of the evaluation of flows of oil-
water mixtures are represented as criterion connections for friction factor in wide range of changes of key parameters of 
phase motions. The reliability of the evaluations was compared with actual data of similar flows made by other authors 
[5]. The future research is to review flow regimes depending on the structure of the flow at the inlet. 
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ん.ぜ. ぜíú¡Üçí, と.ん. だ£ÑÜñç  
ぞíÜôÖ▲úΝëÜ¡ÜçÜÑóöñ¿áΝäëÜâñïïÜëΝぢέゑέΝゐÜë¡ÜçΝ 

ぞíîóÜÖí¿áÖ▲ú óïï¿ñÑÜçíöñ¿áï¡óú どÜ½ï¡óú äÜ¿óöñêÖóôñï¡óú ÜÖóçñëïóöñö, Ç. どÜ½ï¡, づÜïïó　 

ゑ ÖíïöÜ　àññ çëñ½　 öëÜßÜäëÜçÜÑÖ▲ú öëíÖïäÜëö ó½ññö ½ÖÜ¢ñïöçÜ äëÜß¿ñ½, ïç　£íÖÖ▲ê ï äëÜ½▲ü¿ñÖÖÜú 
ßñ£ÜäíïÖÜïöá0, ÜïÖÜçÖí　 ó£ ¡ÜöÜë▲ê ÇñÜÑóÖí½óôñï¡í　 ßñ£ÜäíïÖÜïöá, ïÜïöÜ　àí　 ó£ ½ÖÜÇóê âí¡öÜëÜç, 
äëÜíÖí¿ó£óëÜçíöá ¡ÜöÜë▲ñ ÖñÜßêÜÑó½Ü Ñ¿　 ÜïöëíÖñÖó　 äÜç▲üñÖÖÜÇÜ ëí£çóöó　 ÑñâÜë½íîóú. で¿Ü¢Öñúüñú 
öñêÖóôñï¡ó½ çÜäëÜïÜ½  　ç¿　ñöï　 ïöëÜóöñ¿áïöçÜ ó Üßï¿Ü¢óçíÖóñ äÜÑ£ñ½Ö▲ê ÖñâöñäëÜçÜÑÜç. ÄöÜ äëÜóïêÜÑóö ó£-
£í öÜÇÜ ôöÜ ïó¿áÖÜ £íöëÜÑÖñÖ ¡ÜÖöëÜ¿á öñ¡ÜàñÇÜ ïÜïöÜ　Öó　, £Öíôóöñ¿áÖÜ ïÖó¢ñÖí çÜ£½Ü¢ÖÜïöá ß▲ïöëÜÇÜ 
½ÜÖóöÜëóÖÇí ó ¿ó¡çóÑíîóó äÜë▲çÜç ç öëÜßñ.  

ゑ づÜïïóúï¡Üú ぱñÑñëíîóó äëó½ñëÖÜ β0% £ñ½ñ¿á äÜÑçñëÇí0öï　 ôíïö▲½ £ñ½¿ñöë　ïñÖó　½ äÜ ü¡í¿ñ 
づóêöñëí ßÜ¿ññ 7 ßí¿¿Üç, ßÜ¿ññ η% £ñ½ñ¿á - 8-λ ßí¿¿Üç. と ~öó½ ëíúÜÖí½ ÜöÖÜï　ö でñçñëÖ▲ú とíç¡í£, ぢëóßíú¡í¿áñ, 
é¡Üöó0, でíêí¿óÖ, とí½ôíö¡Ü ó とÜëó¿áï¡óñ ÜïöëÜçí.Д1Ж 

ぜñöÜÑ äÜÑ£ñ½ÖÜú äëÜ¡¿íÑ¡ó ó½ññö  ÑÜïöíöÜôÖÜ ½ÖÜÇÜ ÖñÑÜïöíö¡Üç, ÜÑÖí¡Ü ÜÖ  çï、 ¢ñ ó½ññö ½ñïöÜ ß▲öá 
ç ÖñâöñÇí£ÜçÜú äëÜ½▲ü¿ñÖÖÜïöó.  どí¡ ¢ñ ëí£ëíßíö▲çí0öï　 ëí£¿óôÖ▲ñ ëñüñÖó　 öñêÖÜ¿ÜÇóôñï¡óê äëÜß¿ñ½, 
ïÜàñïöçÜ0àóê ç ÑíÖÖÜ½ ½ñöÜÑñ äëÜ¡¿íÑ¡ó. ゑÜ çëñ½　 ïöëÜóöñ¿áïöçí öëÜßÜäëÜçÜÑÜç äÜ ïêñ½ñ äëÜñ¡öí でíêí¿óÖ II/ 
ぱí£í II ÖÜçüñïöçÜ½ ïöí¿Ü ïÜ£ÑíÖóñ «ïäñîóí¿áÖ▲ê öëíÖüñú», ÑÜ¡öëóÖí ¡ÜöÜë▲ê ÜïÖÜç▲çíñöï　 Öí äÜ¿Ü¢ñÖóó Ü 
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∴ｒ８1; 3,125; 

7,32643 
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∴ｒ８1; 3,3; 

6,15114 

∴ｒ８1; 3,325; 

7,69935 
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∴ｒ８1; 3,95; 
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∴ｒ８1; 3,975; 
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∴ｒ８1; 4,025; 
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∴ｒ８1; 4,1; 
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∴ｒ８1; 4,125; 
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∴ｒ８1; 4,15; 
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∴ｒ８1; 4,175; 
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∴ｒ８1; 4,2; 

8,49751 

∴ｒ８1; 4,225; 
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∴ｒ８1; 4,25; 

9,33388 

∴ｒ８1; 4,275; 

7,82148 

∴ｒ８1; 4,3; 

6,48174 

∴ｒ８1; 4,325; 

6,89177 

∴ｒ８1; 4,35; 

7,7033 
∴ｒ８1; 4,375; 

5,92739 
∴ｒ８1; 4,4; 

3,31462 

∴ｒ８1; 4,425; 

4,32106 

∴ｒ８1; 4,45; 

8,29356 

∴ｒ８1; 4,475; 

9,1722 
∴ｒ８1; 4,5; 

6,89247 

∴ｒ８1; 4,525; 

5,62716 

∴ｒ８1; 4,55; 

6,10515 

∴ｒ８1; 4,575; 

7,04243 

∴ｒ８1; 4,6; 

7,51273 

∴ｒ８1; 4,625; 

8,4993 

∴ｒ８1; 4,65; 

10,7449 

∴ｒ８1; 4,675; 

12,618 

∴ｒ８1; 4,7; 

11,9052 

∴ｒ８1; 4,725; 

10,4886 

∴ｒ８1; 4,75; 

9,80176 

∴ｒ８1; 4,775; 

9,5536 

∴ｒ８1; 4,8; 

10,1058 
∴ｒ８1; 4,825; 

7,72804 
∴ｒ８1; 4,85; 

3,92719 

∴ｒ８1; 4,875; 

3,44271 

∴ｒ８1; 4,9; 

5,14253 

∴ｒ８1; 4,925; 

7,59062 

∴ｒ８1; 4,95; 

9,4169 

∴ｒ８1; 4,975; 

9,85641 

∴ｒ８1; 5; 

9,82948 

y = -8,332ln(x) + 16,054 

RΖ = 0,4047 

ゞ
 

 

＄が m 



 
 
576

 

 

ぢづだゐずぎぜぼ ゎぎだずだゎごご ご だでゑだぎぞごé ぞぎがづ 

öÜ½, ôöÜ çÜ çëñ½　 Ñçó¢ñÖóñ äÜ ëí£¿Ü½Ü öëÜßÜäëÜçÜÑ äÜÇ¿Üàíñö Ñçó¢ñÖó　, Öñ äÜÑçñëÇí　ïá ï¿óü¡Ü½ ßÜ¿áüÜú 
ÑñâÜë½íîóó. ぢëó ï½ñàñÖóñ ßÜëöÜç ëí£¿Ü½í, ½íöñëóí¿ Öñ ÑÜ¿¢ñÖ ÜÇëíÖóôóçíöá ¡Ü¿óôñïöçÜ Ñçó¢ñÖó　 
öëÜßÜäëÜçÜÑí. が¿　 öÜÇÜ ïöÜ ß▲ Öñ ß▲¿Ü äëÜÖó¡ÖÜçñÖó　 çÜÑ▲ ç öëíÖüñ0, Öí ¡í¢ÑÜ½ Üôíïö¡ñ öëÜßÜäëÜçÜÑí, ÇÑñ 
ïÜàñïöçÜñö  äñëñïñôñÖóñ ï ëí£¿Ü½Ü½, ß▲¿ó äëñÑïöíç¿ñÖ▲ ï¿ñÑÜ0àóñ ëñüñÖó　μ 

1) がëñÖí¢Ö▲ñ öëíÖüñó - £íäÜ¿ÖñÖÖ▲ñ äñï¡Ü½ ó¿ó ¿ñÇ¡ó½ ½íöñëóí¿Ü½ £íï▲ä¡ó (ずぜげ). ごïäÜ¿á£Ü0öï　 
äëó Öí¿óôóñ Öí Üôíïö¡ñ  çÜÑÜäëÜÖóîíñ½ÜÇÜ ÇëÜÖöí, äÜÑêÜÑ　àñÇÜ Ñ¿　 äÜÑ£ñ½ÖÜÇÜ ÜöçñÑñÖó　 çÜÑ 
ÇóÑëÜïöíöóôñï¡ó½ ÖíäÜëÜ½ (ç êÜ¿ÜÑÖ▲ñ ½ñï　î▲) (づóï.1). 

β) ゑÜÑÜÖñäëÜÖóîíñ½▲ñ öëíÖüñó - £íäÜ¿ÖñÖÖ▲ñ äñï¡Ü½ ó¿ó ずぜげ. ÄöÜ ëñüñÖóñ äëñÑïöíç¿　ñö ïÜßÜú 
Çñë½ñöó£íîó0 äÜöñ½ Üßñëö▲çíÖó　 öëíÖüñó ÇñÜ½ñ½ßëíÖí½ó ó ïçíë¡ó óê ½ñ¢ÑÜ ïÜßÜú, ôöÜ ïäÜïÜßïöçÜñö 
ïÜêëíÖñÖó0 ïÜêÜïöó. がëñÖí¢Ö▲ú ¡Ü½äÜ£óö ぜí¡がëñúÖ βL ëí£½ñàíñöï　 ÑÜ ÇóÑëÜó£Ü¿　îóÜÖÖÜú ÇñÜ½ñ½ßëíÖ▲ Ñ¿　 
öÜÇÜ, ôöÜß▲ Ü½ñÖáüóöá Ñíç¿ñÖóñ çÜÑÖÜÇÜ ÖíäÜëí Öí ïöñÖ¡Ü öëíÖüñó ó ç▲çñÑñÖó　  çÜÑ▲ ç ÑëñÖí¢ äëÜêÜÑ　àóú Öí 
Öó¢Öñú Üßëí£Ü0àñú öëÜß▲. がëñÖí¢Öí　 ÜïÖÜçí ïÑñ¿íÖí ó£ äÜ¿óäëÜäó¿ñÖÜçÜú Öóöó. ゑ £íçóïó½Üïöó Üö öóäí 
½íöñëóí¿í äÜ¿óäëÜäó¿ñÖÜçí　 Öóöá ½Ü¢ñö ß▲öá ëí£ÖÜú öÜ¿àóÖ▲ ó ½íïï▲. ぢëó ÖñÜßêÜÑó½Üïöó ÜÑÖÜ ïöÜëÜÖÜ 
½Ü¢ÖÜ £í¿í½óÖóëÜçíöá çÜÑÜÖñäëÜÖóîíñ½Üú ä¿ñÖ¡Üú, ôöÜ äëóÑíïö ÇñÜ¡Ü½äÜ£óöí½ ÜïÜß▲ñ êíëí¡öñëóïöó¡ó äÜ 
çÜÑÜÖñäëÜÖóîíñ½Üïöó. Д2] 
 

                                
づóï. 1 ゑÜÑÜÖñäëÜÖóîíñ½▲ñ öëíÖüñó 

ゐ¿íÇÜÑíë　 ÖÜç▲½ öñêÖÜ¿ÜÇó　½ öëÜßí ½Ü¢ñö ÑçóÇíöáï　 äÜÑ £ñ½¿ñú ç ï¿Üôíñ ïñúï½óôñï¡óê ÑñâÜë½íîóú 
ÇëÜÖöí ó ïÜêëíÖóöá ñ、 ç îñ¿Üïöó. ばôóö▲çí　 öÜö âí¡ö, ôöÜ äëó ïñúï½óôñï¡óê äÜÑçó¢¡íê £ñ½ÖÜú ¡Üë▲ ½ÜÇÜö ß▲öá 
ÇÜëó£ÜÖöí¿áÖ▲ñ ó çñëöó¡í¿áÖ▲ñ ÑñâÜë½íîóó ÇëÜÖöÜç, ôöÜ çÜ£á½、ö Öí ïñß　 ëÜ¿á ç äÜ½Üàó äëñÑÜäëñ¢ÑñÖó　 
äÜë▲çÜç öëÜßÜäëÜçÜÑÜç ó ¡íöíïöëÜâóôñï¡óñ äÜï¿ñÑïöçó　 Ñ¿　 äëóëÜÑ▲. 

ゐ▲¿ äëÜçñÑñÖ íÖí¿ó£ ëíßÜö▲ ½íÇóïöëí¿áÖÜÇÜ ÖñâöñäëÜçÜÑí. ゐ▲¿ó äÜ¿ÜôñÖ▲ ëñ£Ü¿áöíö▲, Üöëí¢í0àóñ 
ëíïäëñÑñ¿ñÖóñ Ñíç¿ñÖó　 Öí ÜäÜëíê äëó äÜïöÜ　ÖÖ▲ê ÖíÇëÜ£¡íê ó ëñ£¡óê äñëñäíÑíê Öí ÜäÜëíê. 

ゑ äëÜîñïïñ ½ÜÑñ¿óëÜçíÖó　 ëíßÜö▲ ÜäÜë ïäñîóí¿áÖÜÇÜ öóäí ß▲¿Ü ç▲　ç¿ñÖÜ, ôöÜ ÑíÖÖ▲ú öóä ÜäÜë 
êÜëÜüÜ ëíßÜöíñö Öí äëÜÑÜ¿áÖ▲ñ ÖíÇëÜ£¡ó, ó ä¿ÜêÜ ëñíÇóëÜñö Öí ïëñ£í0àóñ ÖíÇëÜ£¡ó, ÑñúïöçÜ0àóñ çÑÜ¿á öñ¿í 
öëÜß▲. ぢÜ~öÜ½Ü ÖñÜßêÜÑó½í ïÜàñïöçñÖÖí　 ÑÜëíßÜö¡í ¡ÜÖïöëÜ¡îóó ÜäÜë Ñ¿　 Üçñ¿óôñÖó　 £íäíïí äëÜôÖÜïöó Öí 
ïëñ£í0àóñ ÖíÇëÜ£¡ó.ДβЖ 

ぞí ïñÇÜÑÖ　üÖóú ÑñÖá, äÜ¿Ü¢ñÖóñ Ññ¿ öí¡ÜÇÜ, ôöÜ ~ÖñëÇñöóôñï¡óú ßí¿íÖï çïñÇÜ ½óëí ¡ β0η0 ÇÜÑÜ ÑÜ¿¢ñÖ 
ß▲öá ÜÑçÜñÖ, öí¡ ¡í¡ Öí ½ÖÜÇÜ çÜ£ëíïö、ö äÜöëñß¿ñÖóñ ~ÖñëÇóó. ご£-£í ½ñÑ¿ñÖÖÜÇÜ, ÖÜ ÜçñëñÖÖÜÇÜ óïöÜàñÖó　 
ëñïÜëïÜç, í öí¡¢ñ ÑÜïöíöÜôÖÜ ïó¿áÖÜÇÜ äÜç▲üñÖó　 óê ïöÜó½Üïöó, äëóêÜÑóöï　 äëóßñÇíöá ¡ ëí£ëíßÜö¡ñ 
½ñïöÜëÜ¢ÑñÖóú ç ÜÑí¿、ÖÖ▲ê, öëÜÑÖÜÑÜïöÜäÖ▲ê ëñÇóÜÖíê ïöëíÖ▲ ïÜ ï¿Ü¢Ö▲½ó äëóëÜÑÖ▲½ó Üï¿Üçó　½ó. と Öó½ 
ÜöÖÜïóöï　 ïñúï½óôñï¡í　 í¡öóçÖÜïöá, í ïÜÜöçñöïöçñÖÖÜ ó ïÜÜëÜ¢ñÖó0 öëÜßÜäëÜçÜÑÖ▲ê ïóïöñ½ ç öí¡óê Üï¿Üçó　ê. 
とí¡ ó£çñïöÖÜ, ~öÜö äëÜîñïï Üï¿Ü¢Ö、Ö ëí£¿óôÖ▲½ó âí¡öÜëí½ó, äÜ~öÜ½Ü ëí£ëíßÜö¡í ïÜçëñ½ñÖÖ▲ê ½ñöÜÑÜç 
ÜßñïäñôñÖó　 äÜ¿ÖÜú ëíßÜöÜïäÜïÜßÖÜïöó, ÑÜ¿ÇÜçñôÖÜïöó ó ÖíÑñ¢ÖÜïöó ÖñâöñäëÜçÜÑÜç 　ç¿　ñöï　 í¡öÜí¿áÖ▲½ 
çÜäëÜïÜ½ Öí ïñÇÜÑÖ　üÖóú ÑñÖá. 
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