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AAAABSTRACTBSTRACTBSTRACTBSTRACT

Fixed-cone valves are generally used to regulate flow under medium to high water head conditions because of their
ability to safely and efficiently pass the flow. By designing, fixed-cone valves, also known as Howell–Bunger valves,
emit a large-diameter conical spray. The spray is effective in spreading and dissipating energy, although in some
conditions where space is limited, it may be desirable to contain the spray. Containing the spray may be achieved by
using a hood; however the result is a high velocity hollow jet that focuses the energy in the stilling basin. Depending
on the size of the stilling basin downstream of the valve and the sensitivity to environmental factors, it may be
necessary to dissipate some energy of the concentrated jet prior to impingement in the stilling basin. This paper is
concerned with a numerical two-phase flow model combining with the Realizable k–ε turbulent model for simulation
of flows around a fixed-cone valve. The equations were solved with the finite volume method. The function of the
fixed-cone valve for energy dissipating was pointed out by analyzing the computed pressure field, velocity field of
the fixed-cone valve by the proposed model. The simulating results show that the proposed model is reliable and can
be applied to the numerical simulation of turbulence flow around a fixed-cone valve.

KeywordsKeywordsKeywordsKeywords:::: fixed-cone valve, numerical simulation, turbulent flow
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Fixed-cone valves are ideal for use in applications where a high degree of flow control under medium to high water
head is required. Fixed-cone valves take advantage of radially discharging the flow into a conical expanding spray.
This design does not require the valve to overcome excessive hydrostatic forces to open or close and enables superb
flow control via a moveable sleeve or gate that seats against the cone and is sealed against the valve body.

There are some research results of energy----dissipation using fixed-cone valve [1-6]. In 1935, it was introduced that
the Howell– Bunger valve （fixed-cone valve） is ideal for use in applications where a high degree of flow control
under medium to high heads(up to 300 m） is required[1]. Fixed-cone valves take advantage of radially discharging
the flow into a conical expanding spray. This design does not require the valve to overcome excessive hydrostatic
forces to open or close and enables superb flow control via a moveable sleeve or gate that seats against the cone and
is sealed against the valve body.

Tetsuhiro Tsukiji [2] has carried out the simulation for the axial fluid flow in a fixed-cone valve with a vortex
method. Cao Binggang etc.[3, 4] has performed the numerical analysis of flow fields in a fixed-cone valve with a
boundary-element method developed by the integrated equations and the finite-element method, and has designed a
special experimental equipment, by which the experimental study was conducted about the pressure distribution on
conical surface of fixed-cone valve and internal fluid power in the fixed-cone valve. Gao Dianrong [5] has carried
out the numerical calculus for the hydraulic pressure on the core surface of fixed-cone valve and internal flow fields
in a fixed-cone valve under different apertures with the Galerkin finite-element method. H. Gao [6] used the RNG
turbulence model to simulate a cavity flow of a fixed-cone valve.

http://www.jocpr.com
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This paper presents a numerical two-phase flow model combining with the Realizable k–ε turbulent model for
simulation of flow around a fixed-cone valve.

MATHEMATICALMATHEMATICALMATHEMATICALMATHEMATICALMODELMODELMODELMODEL
The unsteady 2D flow governing equations for continuity, momentum and turbulence stress jiuu ′′− ρ can be written
as follows:
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where t is the time; ix is the space coordinate in i direction; p is the pressure; µ is the molecular kinematic

viscosity ; tµ is the kinematic viscosity; gi is the gravitational acceleration in i direction; iu is the velocity

component in i direction ( 1u = u, 2u = w); iu′ is the fluctuating velocity component in i direction

( 1u′ = u′ , 2u′ = w′ ); ρ is the density (in water ρ is equal to the water density; in the air ρ is equal to the air
density); k is turbulent kinetic energy; and ε is kinetic energy dissipation rate.

For the estimation of the turbulence term jiuu ′′− ρ , a Realizable ε−k turbulence model is incorporated for the

estimation of tµ . The equations for a 2-D model are given as:

Turbulent kinetic energy k equation:
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Kinetic energy dissipation rateε equation:
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where k and ε are turbulent kinetic energy and kinetic energy dissipation rate, respectively; kσ ， 2C and εσ are
empirical constants and have the values of 1.0，1.92 and 1.2, respectively.

The above equations for the solution of internal flow fields along with the corresponding boundary conditions
according to actual problems constitute this problem to be solved.

GRIDGRIDGRIDGRID GENERATIONGENERATIONGENERATIONGENERATION ANDANDANDAND BOUNDARYBOUNDARYBOUNDARYBOUNDARY CONDITIONSCONDITIONSCONDITIONSCONDITIONS
Grid generation
The initial computation grid is generated by the GAMBIT program. As a result of that different computational
region requires different computational accuracy, the grid division has used the subregion grid generation method. In
the total computational region, the complex part uses the non-structured grid division method, which is compatible
to complex boundary and also can carry on auto-adapted processing; and the regular part uses the packing-efficiency
high rectangle grid division method, and the grid distribution is determined according to the gradient magnitude of
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the flow. The computational grid is shown in Fig.2. The governing equation is discretized using the finite volume
method. The pressure and velocity coupling equation is solved using the SIMPLE algorithm.

Boundary Conditions
a) Inlet plane: U, V, k and ε are specified.
b) Exit plane: the boundary condition at the outlet cross section of the downstream pipeline is given according to
the fully developed turbulent condition, supposing the derivatives of various variables normal the cross section to be
zero， that is 0=
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c) Body surface boundary: The RNG k - ε turbulence model is suitable in the flowing region at certain distance
from the solid wall boundary surface, therefore the Wall-function method proposed by Launder and Spalding is used
in the viscous flowing region near wall surface.
d) Boundary condition of air entrance holes: the pressure at inlet of the air mixing holes is equal to the outside
atmospheric pressure (the relative atmospheric pressure is 0).

RESULTRESULTRESULTRESULTSSSS ANDANDANDAND DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

The actual fixed-cone valve is symmetry of its axis, so the computational region is taken as the 2D region as Figure
1, which is mainly composed of the upstream pipeline, the fixed-cone valve, and the downstream pipeline. The
inside diameters of the upstream and downstream pipelines are 0.22m and 0.32m, respectively.

For the computation the flow velocity at inlet cross section of the upstream pipeline is given, the pressure at inlet of
the air mixing holes is equal to the outside atmospheric pressure (the relative atmospheric pressure is 0), the
boundary condition at the outlet cross section of the downstream pipeline is given according to the fully developed
turbulent condition, supposing the derivatives of various variables normal the cross section to be zero, other
boundaries are taken as solid boundaries.
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It is obviously seen from Figure 3 that when water flowing across the fixed-cone valve, as a result of the fixed-cone
valve’s separation function, it is discharged into a conical expanding spray exiting the fixed-cone valve. Figs.4 (a)
and 4(b) show the computational velocity values at x=0.3m and x=0.4m, respectively.
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It may be seen from Figure 5, as a result of the fixed-cone valve's deflecting function, the water pressure in the
upstream pipeline is quite great. When the current of water flows across the fixed-cone valve, the flow velocity
increases and the pressure reduces with the flow cross section reducing.

CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION

The proposed two-phase flow model combining with the Realizable k–ε turbulent model for compressible viscous
fluid is effective to simulate the hydraulic characteristic variation rule around the fixed-cone valve, such as the
pressure field, and velocity field. This paper only discusses the two-dimensional situation; however, an actual
project being of 3D complexity turbulence, how to accurately simulate the actual flow moving needs further
researches.
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