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ESTIMATE OF STATIC STRENGTH OF SEPARATOR NOZZLE
CONNECTION USING THREE-DIMENSIONAL FINITE ELEMENT
MODELING
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Abstract. The main purpose of this paper is to perform a comparative study of
strength behavior for nozzle connection in cylindrical shell of separator (vessdl)
subjected to internal pressure load. The unreinforced and pad-reinforced vessel-
nozzle connections are considered.

Application of Russian pressure vessel design codes for the evaluation of
static strength of nozzle connection indicated that considered connection is not
meet the strength requirements. In addition, results obtained clearly show some
disadvantages when the application of two codes leads to materially differing
results with regard to admissible load.

The three-dimensiona finite element elastic anaysis has been made for
nozzle connection of pressure vessal. The vessel no zzle connection is considered
as the intersecting cylindrical shells. It is well known that for intersecting shells a
stress concentration occurs at the intersection area due to geometric discontinuities
of this structure. The results of elastic stress analysis obtained using 3D-solid 8-
node isoparametric element indicated a high level of maximum stresses in the
vessel and nozzle. The evaluation of strength for nozzle-vessel connection using
known procedure of elastic stress categories showed that a loca maximum
membrane stress exceeded an admissible value. Also, this study indicates the
necessity of application of local reinforcement for stress reduction.

A static FE modeling is used for nonlinear (elastic-plastic) stress analysis to
determine limit loads in vessel-nozzle intersection. This approach leads to more
accuracy evaluation limit and admissible loads. For inelastic analysis, atrue stress-
strain curve for the materia of vessel-nozzle structure is expressed by the power
curve relation with strain hardening. In the analysis, a multi-linear elastic-plastic
material model was described by points from the power curve. Yielding is based
on the von Mises yield criterion. The incremental loading steps are used. Limit
loads was obtained from the pressure maximum strain intensity curve. Three
methods for determination of limit pressure in unreinforced and pad-reinforced
vessel-nozzle intersections are used: the twice-el astic-slope technique according to
ASME Code, the criterion of equal elastic and plastic strains according RCC-MR
rules, and the criterion of 1% plastic strain. The first two methods gave virtualy



identical results; the third method gave a somewhat greater value. Admissible
pressure determined by dividing the limit pressure on safety factor was higher
working pressure for reinforced vessel-nozzle connection only.

Thus, the eastic-plastic finite element anaysis of unreinforced and pad-
reinforced vessel-nozzle structures showed that this approach is most appropriate
for the strength estimate of high stressed pressure vessel components.
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NUMERICAL MODELLING OF WORKING REGIMES ON STRESS-
STRAIN STATE OF FEED WATER DELIVERY JET

Y ¢ 11 :
0 (* )
Abstract. The new improved design of PGV-1000MKP feed water inlet manifold
Is analyzed in this report. The goal of investigation is to carry out the numerical
modeling of operating regimes conditions influence on the above mentioned
element of construction stress-strain state. The results are reported in terms of the
temperature and stress fields caused by heat-transfer process and loads from
adjacent steam generator parts. The developed FEM model of feed water inlet

manifold is used to estimate alowable design conditions and make engineering
Improvements.
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THE IMPROVEMENT OF FLEXIBLE SCREW CONVEYOR
PERFORMANCE USING THE HYDRODY NAMICS APPROACH

+$ ( %.
I =

Abstract. This paper is concerned with the volumetric performance of enclosed
spiral screw conveyors with particular reference to the influence of the clearance
between a casing and a flexible screw on the throughput of this device. For the
theoretical escort was chosen the hydrodynamic approach for the description of
bulk material s behaviour in the spiral screw conveyor. The theoretical results and
predictions were obtained here using the hydrodynamic approach for the first time.
Also these results are in a good agreement with the experimental data. In other
words in this paper the Navier-Stokes equation was solved with a geometrical
conditions corresponded to the coaxial cylinders which moved relatively. Derived
results have a good correlation with experimental data and that lead confidence to
the developed physical model and based on it theory of bulk material in the
flexible screw conveyor as the mock liquid in the coaxial cylinders. Estimating the
value of throughput as a function of the characteristic length the conclusion is
emerged that the minimized clearance further increasing of the throughput with the
material and energy minimized. In addition the cylindrical coordinate system was
involved and it gave support for developing of the hydrodynamics approach in the
case of flexible screw conveyor. The main results of this study were two
proportions between the first throughput and the characteristic length and the
second inner throughput and the radius of the second cylinder. Asit turned out the
first is proportioned the second exponent of this length and the other is proposed
the forth exponent of the radius. This allows giving the recommendation for
decreasing the radial clearance between the casing and the flexible screw for at
least 1.5 times of the maximum particle size in order to prevent jamming of
particles in the clearance space leading to particle attrition and increased energy
lost.
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MODELLING THE DEFLECTED MODE OF THE TWO-LAYER
HALF-SPACE BY TEMPERATURE-FORCE CONTACT POWER
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Many problems of the mechanical engineering lead to necessity of finding
the decision of temperature-force contact task. In the process of solving this
problem it is necessary to clarify the impact of the temperature difference between
the contacting surfaces of the bodies on the distribution of stress acting on the



contact area, the size of the contact area and the magnitude of binding of bodies
under their compression. The first works in the field of thermal contact problems
were published in the USSR by authors Aleksandrov V.M., Babeshko V.A.,
Borodachev N.M. [1-3], and by foreign scientists George D., Sneddon I. [4]. In
these works were considered the solution tasks of the pressure stamp on the half-
space with non-stationary temperature field and the difference in temperatures up
to 300" C. Modern high-energy systems handling mateials with heating and
cooling rates of about 10° C require the development of new methods for solving
the contact problems. Solutions of such tasks are given in the works of authors
Bagmutov V.P., Zakharov |.N. as applied to processes of hardening of large stedl
ingots and electromechanical treatment of materials [5-7]. This study presents the
evolution of approaches proposed in [6-7] taking into account the real surface of
contact of the stamp and the surface of the material.

The solution temperature-force contact power problem is conducted in two
phases. The first stage is determined by the temperature field at any time. Parabolic
heat conduction equation is used to determine the temperature field in the half-
space. Boundary conditions are set in accordance with the specifics of a particular
task. So for the electromechanical process movement of the temperature on the
surface of the source and change of the flow of heat passing through it according to
law are taken into account [7]. The result of decision at this stage is the field of
temperature gradients and velocity of heating and cooling half-space (fig. 1).

1800 | | 1190 | 5,0 7852 | 3900 | [ags
2300 12000

T °C gradT

Fig. 1. Temperature field and thermal gradient

The next step is the solution of spatial contact problem of the impact of
moving in space, ellipsoidal stamp on the free surface of the haf-space under
unsteady temperature field.

At this stage it is necessary to identify displacements uniquely. For this is
solved the spatial contact problem of elasticity theory, taking into account unsteady
temperature field. This task is nonlinear contact, so the method of determining
contact surface is used to define the boundary conditions [8].

After determining the boundary conditions in the contact zone for a half-
spaces with transient field and elipsoidal stamp action on basically three-



dimensional equation the displacement Duhamel-Nemmahe required
components (uvw) are identified (fig. 2).

Fig. 2. Displacement patterns in half-space in pinecess of temperature field development: a —
1,5ms,b-55ms,c—-7,5ms

Next the deflected mode and the dimensionless peamof the stress state
are defined. To do this, based on standard formill@scomponents of stresses,
strains (fig. 3) and parameters of the stress state half-spaces are determined

(fig. 4).

Fig. 3. Pictures of general stress in half-spacéhi@ process of temperature field development: a

-15ms,b-55ms,c—-7,5ms.
Fig. 4. Pictures of stress intensity and parametdrstress state in half-space in the process of

temperature field development: a— 1,5 ms, b -nshc — 7,5 ms



