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Abstract — For accurate estimation over the change of pressure and temperature of the vessel during blowdown period,
a new dynamic blowdown model was developed in this work. In particular, heat transfer from the vessel wall to dis-
charge gas at both laminar or turbulent flow in the vessel was embedded to the model to increase the accuracy of blow-
down estimation. For thermodynamics, the whole blowdown period was discretized into finite pressure decrement steps,
and the step size was adjusted so that the calculation can be more efficiently carried out, while maintaining the model’s
accuracy. Both Peng-Robinson and Soave-Redlich-Kwong equation of states were applied to the model, and the results
were compared each other. Finally, the simulation results was compared with Haque and coworkers’ experimental
results, and it proved high accuracy of the model.
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Table 1. McAdam’s parameters for laminar flow [2]
Type of flow d b Ra
Hot surface facing down (Laminar flow) ~ 0.27 1/4  10°~10"
Hot surface facing up (Laminar flow) 0.54 1/4 10~107

Table 2. Thermo-physical properties of stainless steel
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Fig. 1. (A) Discharged air flow from an orifice at speed of sound. (B) Mass flowrate and velocity of air over P2/P1.
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Fig. 2. Overall calculation procedure of Blowdown model [2].
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Table 3. Experiment condition of Haque et al. and specifications of a
vessel with SUS 303

Variables Values

Initial Pressure 150 bar
Initial Temperature 290.15 K

Mole fraction (“NITROGEN”) 1
Vessel type Flat end
Vessel height 1.524 m
Vessel Diameter 0.273 m
Wall thickness 25 mm
Orifice diameter 6.35 mm
Heat capacity of vessel 500 J/K
Density of vessel 8000 kg/m?
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Fig. 4. Estimation of Rayleigh numbers (Ra) for vessel top and bottom based on PR and SRK equations.

Korean Chem. Eng. Res., Vol. 54, No. 3, June, 2016



356 AAE - AR - B - oleF - B
160
140
——Experiment
120 ——Simulation
100
8
2 80
2
4
a.
60
40
20
0
o 10 20 30 40 50 60 70 80 90 100
Time(sec)
Fig. 5. Experiment and simulation results for pressure change over blowdown time.
Table 4. Analysis of Average Absolute Deviation (AAD) for pressure change over blowdown time
Time (sec) 0.03 10 19.99 29.99 39.99 49.99 59.98 69.98 79.98 89.97 99.97
Experiment (bar) 155.05 72.84 41.5 26.76 18.18 12.59 8.87 6.15 4.15 3.01 1.72
Simulation (bar) 150.05 67.55 38.86 24.97 16.53 11.16 7.37 4.43 3.08 1.86 1.21
Deviation 0 5.29 2.64 1.79 1.65 1.43 1.5 1.71 1.01 1.15 0.5
AAD 1.70
Peng-Robinson
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Fig. 6. Experiment and simulation results for vessel wall temperature and vapor temperature change over blowdown time based on PR equation.
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: Area (m?)

: Speed of sound (m/s)

: McAdam’s correlation parameter (—)
: Discharge coefficient (—)

: Specific heat (J/kg-K)

: McAdam’s correlation parameter (—)
: Vessel Diameter (m)

: Acceleration of gravity (m/s?)

: Grashof Number (-)

: Vessel height

: Mass specific Enthalpy (J/kg)

: Film heat transfer coefficient (W/m?-K)
: Heat conductivity (W/m-K)

: Characteristic length (m)

: Vessel Mass (kg) / Cubic equation of state coefficient (—)
: Mass discharge rate (kg/s)

: Discharged vapor mass(kg)

: Molecular weight (kg/kmol)

: Nusselt Number (-)

: Pressure (pa)

: Prandtl Number (-)

: Heat transfer rate (J/s)

: Transferred heat amount (J)

: Ideal gas constant (Pa-m>/mol-K)

: Pressure decrement ratio (—)

: Rayleigh Number (-)

: Mass specific Entropy (J/kg-K)
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: Temperature (K)

: Overall heat transfer coefficient (W/m?-K)

: Discharge velocity (m/s)

: Volume (m*)

: Composition (molar composition or mass composition)
: Height (m)

: Temperature deviation (K)

: time duration (s)

Greek symbol

a : Cubic equation of state coefficient
B : Thermal expansion coefficient (/K)
Y : Heat capacity at constant pressure over at constant volume
Cp/Cv (-)
" : Viscosity (cP)
p : Density (kg/m?)
® : Acentric factor (-)
Subscript
btm  : Vessel bottom
c : Heat conduction
cyl : Vessel cylindrical area
d : Downstream orifice
dome : Dome shaped vessel
i : Stage number
initial : Initial condition of blowdown
m : molar specific value
0 : A value at an orifice
OW  : Outside of wall
r : Reduced value
top : Top of vessel
u : Upstream of vessel
v : Value of vapor
vap  : Value of vapor
Vessel : Value of vessel
W : Value of wall
Z1 : Value of bulk vapor (Zonel)
72 : Value of bulk liquid (Zone2)
z A
o] =2 ARl AR AP 0w AU kAT AlE 9

1.

ks
T AT @ARE : N0000990).
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