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Aknock out drumis a type of pressure vessel, which is one
of the facilities for the safe treatment of residual gas, and
serves to pre-separate droplets and other particles from
flowing into the gas exhaust/combustion system.
Knockout drums are operated under high temperature
and high pressure operating conditions, so it is essential to
design a knockout drum that reflects these conditions.
This study intends to propose a method for designing and
evaluating a knockout drum that satisfies both structural
stability and droplet removal performance. Accordingly,
for the purpose of design with structural safety, FEM
structural analysis and evaluation methods based on
ASME code are presented. And to evaluate the droplet
removal performance of knockout drum, a case of
applying particle tracking method using CFD is presented.
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Fig. 1. Initial design of pressure vessel
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Table 1. FEM analysis cases

Hydrostatic Support
Case Rressure pressure LS, condition
#1 10 bar Full of - Fixed left support &
#2 water 232°Cc  sliding right support
2.3 5423}

Fig. 2= 277} o] F0] X Bt EQ} path & HolF1L,
Table 2= H7HE-9lo] et A5 HolEoh B7HE 9=
Lo ut 23] o|LYYLE Holk HoE y|Ezog
A5+t a2 T} Path 29] 4 Z17jo] 9l B
of| A 416.5 MPa®| -GG =7 YEFHT. o] = 1144 318
22 414 MPa2 2IB[= A1 07 L322 0 & QFASHA| &
hal wtkE o] A 7o) @ FE T

Path1,2,3,4 Path5

Path 7

Path 6

Path2

Path1 |

Path5
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Fig. 2. Evaluation part and path

Table 2. Analysis results for initial design

Pi+Ps  Pi+Pp+Q

(MPa) (MPa)
Path 1 - 71.3 - 223.0
Path 2 - 161.5 - 416.5
Path 3 119.7 - - 181.2
Path 4 80.0 - - 91.9
Path 5 117.0 - - 150.2
Path 6 107.4 - 108.0 108.0
Path 7 - 198.2 - 287.7
Criteria 138 207 207 414
(MPa) (S) (1.5S) (1.5S) (3S)
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Fig. 3. Modified design of pressure vessel
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Table 3. Analysis results for modified design

PL+ Pg PL+Pp+Q

(MPa) (MPa)
Path 1 - 56.5 - 188.8
Path 2 - 162.0 - 390.1
Path 3 119.4 - - 178.8
Path 4 80.6 - - 89.7
Path 5 117.3 - - 149.5
Path 6 107.5 - 108.1 108.1
Path 7 - 203.3 - 300.1
Criteria 138 207 207 414
(MPa) (S) (1.5S) (1.5S) (39)
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Fig. 4. 3D model for CFD analysis

Fig. 5= A @S vt o & A CFD 342 935t
A Beiget 1oF L el ool ud s
o REATE T NIT 5 Y2 AL o
o A7} 247172t ok 80w, 3307 R 15;01;14.

Fig. 5. Mesh for CFD analysis
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Table 4. Material and domain properties

Material Molar mass Density
(kg/kmol) (kg/m?)
Well gas 20.53 -
Methane droplet 16.04 410
3D Domain
o Material: Well gas
o Buoyancy

- Gravity: Y direction -9.81 m/s?
- Reference density: 0.966 kg/m®
o Fluid Pair Models : One-way particle coupling

Velocity
Streamline 1
1.134e+02

8.503e+01

5.669e+01

2.835e+01

l1 .008e-02

[ms™-1]

(a) Streamline plot for domain
Fig. 7. Modified design of pressure vessel
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(a) 1SO view
Fig. 8. Particle tracking results - 50 ym
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Boundary type: Outlet
Gravity (y-direction)

9.81 m/s?

11
Boundary type: Inlet ! I

Normal speed: 85.5 m/s
Liquid particle: 50 pm - 500 pm, 0.001 kg/s

I

Relative pressure: 0 Pa

Pressure: 0.2 bar \N\){?M T - y \\\)-P' ‘\'

\ Symmetry

Boundary type: Wall
Velocity: Restitution Coeff. - - -
Perpendicular Coeff. 0 f(.

—

Fig. 6. Boundary conditions for CFD analysis
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(b) Velocity vector plot on XY plane

LP0050.Averaged Velocity
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(b) Front view
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Fig. 9. Particle tracking results (100 um - 450 um)
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Table 5. Particle mass flow result

Droplet Input mass Captured Separation
size flow mass flow rate
() (kg/s) (kg/s) (%)

50 0.001 0.000977 97.7
100 0.001 0.001 100
150 0.001 0.001 100
200 0.001 0.001 100
250 0.001 0.001 100
300 0.001 0.001 100
350 0.001 0.001 100
400 0.001 0.001 100
450 0.001 0.001 100
500 0.001 0.001 100
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