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ABSTRACT

The dependencies of total pressure, velocity, vorticity, turbulent length, turbulent dissipation, turbulent viscosity,
turbulent energy and turbulent time of moving fluid from a straight pipe length of a circular cross section are
presented in graphical and mathematical forms. Changing analysis of considered parameters was performed at
mass flow rates of 0.45, 1.0 and 1.5 kg/s. A transition boundary of laminar flow of fluid to turbulent flow is at the
distance of ¥/s of length from the inlet of the pipe (at accepted total length of the pipe of 2000 mm).
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I. INTRODUCTION

At present, a question of sustainability of laminar/transient flow regimes of fluid in pipelines has not
been fully studied. According to numerous experimental data, it is determined that even in small
straight sections of the pipeline, fluid flow changes from laminar to turbulent [1 — 7].

Flow pattern of fluid is determined by viscosity, flow velocity, a cross-sectional area of the pipe,
composition of fluid mixture and other parameters. Also, flow pattern of fluid depends on the ratio of
accelerating force and viscous friction force.

Conducting of experiments on a research of fluid flow regimes in the production, and even in the
laboratory conditions, is difficult. A computer simulation of hydrodynamic processes of fluid flow in the
pipelines allows not only to present a visual model of fluid flow, but also to obtain accurate or
approximate mathematical equations describing pattern of each flow regime.

II. MATERIAL AND METHOD

Intensity changing of the parameters of turbulent fluid flow in the pipe of the circular cross section was
determined by calculations in the Flow Simulation special computer program. Three solid-state pipe
models with the same overall dimensions (internal diameter is 30 mm and total length is 1000 mm)
were built for the computer simulation.

Different mass of the incompressible fluid model (water) at temperature of 293.2 K was supplied per
unit of time (second) in the inlet of the pipe models. Specified mass flow rates for three pipe models
are presented in the table I.

TABLE I. MASS FLOW RATES OF FLUID.
The pipe model The first The second The third
Mass flow rate of fluid Qu, kg/s 0.45 1.0 1.5

Fluid flow direction was taken normal to a face of the inlet of the pipe model. Turbulence intensity I
(2%) and turbulence length L; (0.0008 m) were taken as the basic parameters of developed turbulent
fluid motion in the pipe model. Turbulence intensity of fluid flows depends on characteristics of the
pipe and the Reynolds number Re. Fluid pressure at the outlet of the pipe model was taken of 101325
Pa. Laminar and turbulent fluid flows were taken into account in the calculation. The cavitation
process in the calculation was not accepted.

An inner wall of the pipe model had the properties of the adiabatic wall with the perfectly smooth
surface (the surface roughness is 0 um). Initial temperature of the inner surface of the pipe model was
taken of 293.2 K.
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Accuracy of the calculation results was average when a number of finite elements of the fluid model
equal to 3264 and the pipe model equal to 528.

III. RESULT AND DISCUSSION

Flow pattern of fluid in the pipe model of the circular cross section is presented in the form of vectors
(the Fig. 1).

Fig. 1. Water flow at the straight section of the three-dimensional pipe model of the circular cross section.

Vortex formation of fluid flows is observed in a center part of a calculated field of the pipe model,
laminar regime prevails at the inlet and the outlet.
The dependencies of the changing values of the turbulent fluid flow parameters from length of the

model pipe of the circular cross section are presented in the Fig. 2 — 5. The data were obtained from
the axial line of fluid motion in the pipe model.

)
Fig. 2. The dependencies of flow velocity and total pressure of fluid from the pipe length: a) at Qu = 0.45 kg/s; b) at Qu = 1.0 kg/s;
c) at Qu =1.5kag/s.
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Fig. 3. The dependencies of turbulent length and vorticity of fluid from the pipe length: a) at Qu = 0.45 kg/s; b) at Qm = 1.0 kg/s; c)
at Qm = 1.5 kg/s.
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Fig. 4. The dependencies of turbulent viscosity and turbulent dissipation of fluid from the pipe length: a) at Qu = 0.45 kg/s; b) at
Qv =1.0kg/s; c) at Qm = 1.5 kg/s.
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Fig. 5. The dependencies of turbulent energy and turbulent time of fluid from the pipe length: a) at Qu = 0.45 kg/s; b) at Qu = 1.0
kgls; c) at Qu = 1.5 kg/s.

Based on the analysis of the dependencies graphs of flow velocity and total fluid pressure, turbulent
length and vorticity of fluid, turbulent viscosity and turbulent dissipation of fluid, turbulent energy and
turbulent time of fluid flow from length of the pipe model, it could be argued that:

1. The values of the considered parameters of turbulent fluid flow increase with increasing of mass flow
rate at the distance from the inlet to the outlet of the pipe model. Herewith, turbulent time of fluid in the
each section of the pipe model decreases.

2. Pressure, flow velocity, turbulent dissipation and turbulent viscosity of moving fluid have almost the
same pattern of changing over entire length of the pipe model. The other parameters of turbulent fluid
flow in the pipe model have different regularities.

Let us consider flow pattern of fluid in the second pipe model. Total length of the pipe model was
divided into 10 equal sections. Length of the each section was 100 mm (0.1 m). Herewith, 0 was taken
by the inlet of the pipe model, and 1 was taken by the outlet. Let us write down the parameters
changing of turbulent fluid flow in the each section of the pipe model in the functions form (the tables Il
= IV): Pio(Lp), &(Lp), Le(Lp), U(Lp), tlLp), W(Lp), ke(Lp) and w(Ly).

TABLE II. THE PARAMETERS CHANGING OF TURBULENT FLUID FLOW IN THE FIRST TO THE FOURTH SECTIONS OF THE PIPE MODEL.

| outlet

9.955710~10 ) 1015110 91Lp A 1.0382109 L, 11346209 1Lp .

Rty = 2029508 Rot2 = 202950e Rota = 202950¢ Rota = 202950¢

0.0002Lp, 0.0001Lp,

0.0001Lp, 116371075
£71=0.298% 3 !

&3 =0.298% o4 =0.3008¢
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-9.3762100 Lo,

-7.976310 0 Lp 5

-6.238710° L,

-3.918810 8 Lp .

Ly =0.0017¢ Lyp =0.0017e Lt3=0.0017¢ Lis =0.0017¢
i oomsee” 1 u2= ocozre” P2 u3 = 0007 73 ug = Y
ty = 0.0711s~6:603310 5 Lpy . 0_07119753932.10*5 tp, - 0.071&73'9038'1075 Lo, . 0,0709{2'6339'1076 o,
V= 0.1475e3'6208'm_5 ! Vo = 0.1475e2'9879‘1075 ¥, =01 47582-2173'10_5 Lp, Wi - 0l14786—8.475210*7 tp,
= o.0p2ed 00LLPy p = 0l022€3.3904.10*5 v, an 0-02296.2324.10—5 Lp, . 0.022185.6643,1076 o,
- oisize’ "1 2 ~osoue’ " 2 o3 —otoste 0P8 wg= ozsze” "4
TABLE II1. THE PARAMETERS CHANGING OF TURBULENT FLUID FLOW IN THE FIFTH TO THE SEVENTH SECTIONS OF THE PIPE MODEL.
Outlet
Prots = 20295061-342510 % Lps Fots — 2066308—6.5981410—5 Lpg Ro7 7356400 202817
s = 03067e—0.0002Lp5 6 = 0.0034e0‘0181|'p6 4= o.5oz7e0'0088Lp7
L= 0.00176‘7246022.10—7 Lp, Lg = 27501 1075e0A0167LpG Ly 0.05990'0026m7
g = 0_004390.0012LpS g = o.oooze0'0131LpG - O_003390.0089@7
tt5 = 0-070497'6711‘10_5 s tt6 = 0.0202e0'0051"p6 t7 = ossasse P27
v = 0.1485975.4355‘10—5 Lpg Vg - 0.0001e0'0279|'p 6 wr :18'21460.0063Lp7
kis = 0.0224e_0'0001Lp5 kig = 7.3855-10*5e0'023|'p6 ke7 :0,319490'0076"‘)7
o= 0_1%190.0017 Lpg o= 0.456994)'0031Lp6 o 0_0874eo.0024|_p7
TABLE IV. THE PARAMETERS CHANGING OF TURBULENT FLUID FLOW IN THE EIGHTH TO THE TENTH SECTIONS OF THE PIPE MODEL.

Lps

Lps

Lpio

OQutlet

~0.0038 -0.0046 ~0.0067
Rotg =14195000e g Roto = 2162300e gt Rot10 = 76244008 1o
0004 00019 00011/
&g = 664588 g erg =21802e P e = 3451480 1o
0.0014 0.0004 0.0001
Lyg =0.1082¢ g Lg =0.187% o Ly19=0.2273¢ P10
-0.01 0.0036 0.0038
ug =93.1834e g ug =0.0442¢ o g =0.0396e P10
~0.0004 -0.0003 ~0.0003
tyg =0.4028¢ g tyg =0.3915¢ o ty10=0.3813e 1o
0.0032 0.0012 0.0005
Vig =96.7102e g Vgg =300.0135¢ P Vg1 = 450.542¢ 1o
0.0036 0.0016 0.0008
keg = 2.6755¢ g kig =8.5355€ P k1o =13.1607e 10
-0.0297 -0.0078 0.0092
g =3236300e g g =17.6045¢ P a9 =0.0003e 1o

In the presented functions are conditionally designated: P, Piot2, Prots,

..., Piwuo — total pressure of

fluid in the first, the second, the third, ..., the tenth sections of the pipe model, Pa; L,; = (0;0.1], Ly, =
(0.1;0.2], Lps = (0.2;0.3], Lps = (0.3;0.4], Lps = (0.4;0.5], Ly = (0.5;0.6], Ly7 = (0.6;0.7], Lyg = (0.7;0.8], Lo
= (0.8;0.9], Lpio = (0.9;1.0] — the length ranges of the each section of the pipe model, m (the values in
the range are location coordinates of the corresponding section, starting from the inlet of the pipe
model); &, &, &s, ..., &0 — turbulent dissipation of fluid in the first, the second, the third, ..., the tenth
sections of the pipe model, W/kg; Ly, Lo, L, ..., Luo — turbulent length of fluid flow in the first, the
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second, the third, ..., the tenth sections of the pipe model, m; uy, uy, Us, ..., Uig — flow velocity of fluid in
the first, the second, the third, ..., the tenth sections of the pipe model, m/s; ty, to, ts, -.., tuo — turbulent
time of fluid flow in the first, the second, the third, ..., the tenth sections of the pipe model, s; V1, Vi, W3,
..., Vuo — turbulent viscosity of fluid in the first, the second, the third, ..., the tenth sections of the pipe
model, Pa:-s; ki, ki, kis, ..., Kuo — turbulent energy of fluid in the first, the second, the third, ..., the tenth
sections of the pipe model, J/Kg; w;, w,, ws, ..., Wi — Vorticity of fluid in the first, the second, the third,
..., the tenth sections of the pipe model, 1/s.

In the first four sections, non-gradient flow is observed, i.e. fluid in these sections does not completely
fill the cross section of the pipe model. Thickness of a boundary layer (the thin near-wall layer)
increases at non-gradient flow of fluid. In the remaining sections of the pipe model, an area with
positive pressure gradient was determined in which fluid flow was slowing down. Fluid flow slows in the
boundary layer and in the flow core (external flow). Fluid slowing is more quickly in the boundary layer
by increasing its thickness.

The general analytical formula was obtained after the analysis of the calculated mathematical
equations for determining of the parameters of turbulent fluid flow in the pipe model of the circular
Cross section:

jAekde =€(e’“ -1),

where A is numerical coefficient of the function; k is power coefficient of the function.
IV. CONCLUSION

1. Changing pattern of flow velocity and total pressure, and, consequently, turbulent dissipation and
viscosity of moving fluid does not depend on mass flow rate.

2. The more mass flow rate of fluid, the more strongly signs of turbulence are observed (the Fig. 3, ¢
and the Fig. 5, c).

3. At the distance of /s of length from the inlet of the pipe, fluid flow is closer to laminar. At the
distance of /s of length from the outlet of the pipe, interaction of direct and reverse fluid flows occurs,
which causes vortices, and, consequently, laminar regime turns into turbulent.
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