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Abstract: An offshore plant is vulnerable to fire because of the isolated environment. In particular, the damage to an
offshore plant is increased when a hydrant reducing valve, which is a main piece of equipment in an offshore plant, is
damaged in a fire. In this study, we conducted a fire safety test for a hydrant reducing valve and proved the validity of
our analysis by comparing the results of the test and analysis. Therefore, we here suggest an analysis method for a fire
safety test. FSI(fluid structure interaction) was considered in the fire safety test. The reliability of the analysis method
was verified by comparing the temperature distributions of the test and analysis. In addition, we verified the problems
that were caused in the fire safety test by conducting a structure analysis. At a result, the main problem was found to be
deformation of the valve seat.
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Table 1 Main specifications of fire safety test equipment

U Fire safety test for below 8" valve
se
and Checking leak of valve seat after
Condition burning valve under 750~1000°C for
30 minutes
Pump : 2HP Piston Pressure Pump
Appearance : Castable Construction
Main (CT1805)
specifications | 50L Pressure Tank
3000mm(L)x1200mm(W)x2500(H)
Test Pressure : 10bar

Table 2 Material properties of valve parts

Bronze Stainless Steel
Density 8400kg/m’ 8000kg/m’
Specific Heat . )
Capacity 385J/kg - K 500J/kg - K
Thermal 963W/m - K | 163W/m - K
Conductivity
Coefficient of
thermal 1.77um/m - °C | 1.7um/m - °C
Expansion
Young's
Modulus 112 MPa 193 MPa
Poisson’s 0.324 0.31
ratio
Tensile Yield
Strength 290 MPa 250 MPa
Tensil
Ultimate 485 MPa 565 MPa
Strength

Fig. 1 Fire safety test equipment
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Table 3 Main conditions of API-6FA standard

o Standard
Conditions
Soft Type Hard Type
Pressure of Inlet 2kgf/cm 14kgf/cm

Fire Temperature 761~980°C | 761~980°C

Temperature of Valve
Body

Test Time 30min. 30min.

565~650°C | 565~650°C

Maximum Leak

Rate(During Burn) 200ml/min 400ml/min

Maximum Leak

Rate(Cool Down) 50ml/min 100ml/min

Ze 9 AHEL AHFBronze)ol™ T2
(Disc), Z~¥l(Stem), 57 (Bushing)?} #2 uUl&F F
Fo] AL 2 ele]l~ 7 (Stainless Steel) o= 3}
Al b AFEE tja=me] Ao whEt Soft ©F
Hard Type &2 YU¥ ™ Type o we} AlF =15
o] iAol ATt & AlFeA AREE T]~=9
A A& Stainless Steel(316)% Hard Type < %] -83}¢]
A Akt Hard Type 9 47 952 AAISE 9
75%8%] l4bar & Akl FHFATE Table 3 2
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AlFo]l gl WH biy SRE o xwe] R
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Fig. 2 The result of fire safety test
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Fig. 4 Schematic illustration of the hydrant reducing
valve for thermal analysis

Fig. 5 Shape of external and internal flow field

Fig. 6 Computational grids for thermal analysis
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Table 4 Temperature change of body according to time

=] . Temperature(°C)
=] Time(min.)

[Water | = Fire Safety Test Analysis
= —— 1 130.06 200.20
- j 2 275.21 328.15
- 3 405.89 422.60
] 4 471.03 49430
5 523.79 549.88
Fig. 7 Boundary condition for thermal analysis 6 606.20 592.19
7 663.28 625.23
ol ME 2035 WAL @ 2 olmE 39ch 0 8 696.77 651.02
B Rl gag A4el AeR A4 43 2 25 e
10 723.76 687.98
(Node)«] 4= 1,310,856 7, 82 (Element)®] 4= T 728.65 700,80
5,129,406 7Ho|t}. Fig. 6 & A 34 =dle] 7 B T840 711.06
A= AR Aol 13 730.71 719.14
14 730.40 725.56
34 BAZ=A &8 15 738.85 730.5
H =R AE Transient 7S o]&35to] 3}A 16 745.94 734.54
SHHAI oA A= 2T 22 30 ¥ E9 17 752.18 737.68
3o =Fy WBol 2% WIS FAHT 18 755.85 740.11
A A kAAFA A F == Cool-Down | 19 755.08 742.05
= A GA A Ak ). 20 745.59 743.59
Fig. 7 & gAY AL 98 AARALS Ho 21 731.32 744.81
@ 29 etk g fEge) 9 Tanlen 7 = 22l (heHl
AZAL 22°C © Water 7} 14bar ¢ 5%H(Fluid 23 71595 746,51
pressre) 0§10 S FELE A 29 9 - 2 B
T(Inlet)ol] 750°C 2] Air 7} 25m/s o] < (Fluid 26 711:05 747:97
velocity) 2.2 =] o FEd H59 F 27 705.11 74827
(Outlet)i= 713k =4 latm ‘% 23 skt w3 28 718.20 748.52
Wy g5 Fe gAY F5de] A9 latm 9 29 732.67 74871
Air & A7 skelth 30 742.29 748.84
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Fig. 8 Temperature change on the result of fire test and
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Fig. 9 Temperature change of valve parts on the result of

analysis
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(b)

Fig. 12 The result of structure analysis : (a) Deformation
(b) von mises stress
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