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Abstract - Among the flare systems that handle discharged substances from safety valves, the knockout
drum was a key facility for safety, but the installation standards were not clear, so it was necessary to review
the standards acceptable to the workplace and regulatory agencies. After investigating the domestic and for-
eign technical standards of knockout drums and the deficiencies of previous studies, research was first con-
ducted on the degree of mass discharge, the installation location of the intermediate knockout drum, and the ef-
fect of changes in the composition of the discharged material. As a result of the study under the process simu-
lation conditions, the gas-liquid separation of the knockout drum was completed in a small amount of less than
7,500kg/hr. However, when more than that was released, the gas-liquid separation effect was small even with
the addition of an intermediate knockout drum. In addition, when the composition ratio of the material easily
condensed was increased (molar fraction 10%), the gas-liquid separation effect of the knockout drum in-
creased in the case of mass release. The gas-liquid separation effect was analyzed to be greater when the knock-
out drum was installed adjacent to the stack than the knockout drum was installed adjacent to the process
equipment.
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Table 2. Condensation effect by installing an
intermediate knockout drum from a

components single component
Amount Knockout . Amount Knockout .
~PSV Flare stack separation ‘PSV drum Flare stack separation
Discharge separation (ke/hr) rate Discharge separation (ke/hr) rate
Drum (kefhr) (kg/hr) %) Drum (kefhr) (kg/hr) (%)
Not installed | 90,000 34,052 55,948 37.8 Not installed| 90,000 74,533 15,467 82.80
Installed 90,000 40,837 49,163 45.4 Installed | 90,000 75,645 14,354 84.05
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Fig. 1. Discharge flow chart by location of main knockout drum.

Table 3. Simulation conditions & input values Table 5. The amount of substance in the stack by

main drum location for mass discharge
Facility Parameter & specification value | unit
Setting point 3 bar Division Water Toluene Benzene Ethylene
PSV-0l & (kg/hr) (kg/hr) (kg/hr) (kg/hr)
Inlet Temperature 90 T
PSV-02 Total 10,161 34,646 29,370 15,822
Outlet Temperature 75.62 T
Case 1 2,367 7,336 12,606 15,728
Diameter 2,440 mm
Liquid Level 1,400 | mm
Horizontal
eparator op diameter . mm able 6. Gas/liquid separation effec interme-
S Min drop di 0.3 Table 6. Gas/liquid separat ffect by int
1,2 . . .
Drain Volume 01 » diate drum location for mass discharge
Max holdup time 1,800 sec PSV | Knockout drum| Flare stack |separation
R R . Location |Discharge|  separation gas/liquid rate
Header C.S Sch No.80, Non-insulation 24 inch (kg/hr) (ke/hr) (kg/hr) %)
. Length Ll m Case 1| 90,000 46,700 [31,089 / 12211 519
Tailpipe 01
Elevation change > | m Case 2| 90,000 | 48042 (30598 / 11360] 53.4
Stack Length 10 | m Case 3| 90000 | 51587  |29901 / 8512| 57.3
atmosphere Temperature 15 | T Case 4 | 90,000 45602 |31453 ) 12925 507
Table 4. Gas/liquid separation effect by main
drum location for mass discharge Table 7. The amount of substance in the stack
- by intermediate drum location for mass
PSV  [Knockout drum| Flare stack |separation discharge
Location|Discharge| separation gas/liquid rate g
(kg/hr) (kg/hr) (kg/hr) (%)
g/hr glhr ghr i Division Water Toluene Benzene Ethylene
Case 1| 90,000 51,964 30,543 | 7493 | 577 (ke/hr) (kg/hr) (kg/hr) (kg/hr)
Case 2 | 90,000 35,048 32,991 / 21,060 | 39.9 Total 10,161 34,646 29,370 15,822
Case 3| 90,000 45,622 31,453 / 12,925 | 507 Case 3 2,327 6,775 13,567 15,745
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Table 8. Gas/liquid separation effect by main
drum location for small discharge

PSV Knockout drum | Flare stack |Separation
Location| Discharge separation gas/liquid rate

(kg/hr) (kg/hr) (kg/hr) (%)
Case 1| 7,500 5,877 1,583 / 41 784
Case 2| 7,500 5,421 1,781 | 298 723
Case 3| 7,500 5,742 1,650 / 107 76.6

Table 9. The amount of substance in the stack by
main drum location for small discharge

Division Water Toluene Benzene Ethylene
(kg/hr) (kg/hr) (kg/hr) (kg/hr)
Total 847 2,887 2,448 1,319
Case 1 35 122 302 1,299

Table 10. Gas/liquid separation effect by interme-
diate drum location for small discharge

PSV | Knockout drum | Flare stack | separation
Location|Discharge|  separation gas/liquid rate
(kg/hr) (kg/hr) (kg/hr) (%)
Case 1| 7,500 5,707 1,674 | 49 76.1
Case 2| 7,500 5,787 1,645 | 69 712
Case 3| 7,500 5,842 1,614 / 44 719
Case 4| 7,500 5,742 1,650 / 107 76.6
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Table 11. The amount of substance in the stack
by intermediate drum location for small

discharge
Division Water Toluene Benzene Ethylene
(kg/hr) (kg/hr) (kg/hr) (kg/hr)
Total 847 2,887 2,448 1,319
Case 3 23 69 267 1,300

Table 12. Gas-liquid separation effect on benzene
component change

PSV  |Knockout drum| Flare stack [Separation)
Location |Discharge|  separation gas/liquid rate

(kg/hr) (kg/hr) (kg/hr) (%)
Case 1 | 90,000 61,218 18,727 / 10,055| 68.0
Case 2 | 90,000 62,650 18,330 / 9,021 | 69.6
Case 3| 90,000 65,812 17,719 | 6,469 | 73.1
Case 4 | 90,000 45,623 31,452 / 12,924| 50.7
Table 13. Gas-liquid separation effect on water

component change

PSV | Knockout drum| Flare stack [|separation|
Location |Discharge|  separation gas/liquid rate

(kg/hr) (kg/hr) (kg/hr) (%)
Case 1 | 90,000 60,145 20,334 / 9,521 66.8
Case 2 | 90,000 61,078 20,085 / 8,837 | 679
Case 3| 90,000 64,341 19,394 / 6265 | 715
Case 4 | 90,000 58,408 20,825 / 10,768 | 64.9
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