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Abstract: The deflagration-to-detonation transition (DDT) causes a strong pressure wave that can adversely
affect surrounding structures. The pressure generated by multiple detonative pulses is strong enough to cause
metal surface erosion and chipping of the edges of bulk structures. In this study, we investigate the damage
caused by the DDT phenomenon and perform hydrocode simulations to evaluate the structural damage caused
to a metallic pulverized-coal injector used in a pulverized-coal-oxygen combustion furnace. The experimental
conditions are selected in order to accurately model the damage caused to metal injectors that are exposed to
multiple DDT pulses.
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(a) Damaged valve

(b) Damagd piston

¢« Rayleigh line

J / Hugoniot curve

Al ps

Fig. 1 Picture of damaged car cylinder

(b) Serious damage case

(a) Mild damage case

Fig. 3 R-H (Rankine-Hugoniot) Curve

Fig. 2 Comparison of damaged injector fronts
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Fig. 4 Comparison of laminar and turbulent flame
surface
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Table 2 Comparison of air and oxygen combustion

environment
Condition coml‘t?lirstion co?n):i;gsii)n
Oxidizer Air Oxygen
Ventilation | TuYere flux 5500Nm’/h | 2300Nm*/h
condition | Twere 250m/s 190m/s
velocity
Temperature 1200°C 21T
Pressure 3.2bar 4.8bar
Flame temperature 2200C 3100C
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Table 3 DDT possibilities in raceway

Condition
of DDT Environment of raceway
occurrence

Strong turbulent flame products due
Turbulent o
flame to. fast tuyere V.GIOCIty(hlgh Re) and
mixing of pulverized coal.
A whole raceway region @ is
Explosion | auto-ignition region due to high
in temperature and pressure. So local
explosion | explosion (explosion in explosion)
occurrence in possible.

Taylor The mixing of flame and contact
interface | with reflection shock by deadman as
instability | packed bed is possible.
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\""‘"-—-Softenmg melting zone

Tuyeres blast

Fig. 6 Schematic of inside of the furnace
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Table 4 Parameters of Tillotson EOS

Density 2.97 [g/en’]
A 7.499999¢+7 [kPa]
B 6.5¢+7 [kPa]

a 0.5
b 1.63
€0 Set6 [kPa]
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Table 5 Parameters of Steinberg Guinan strength
model

Shear modulus

2.67e+7 [kPa]

Yield stress

4.2e+5 [kPa]

G, 1.741

G, -1.645e+4 [kPa]

Y, 0.02738
Melting temperature 1.22e+3 [K]

Injector front

__Point (3)
~—_— Point (2)
+——— Point (1)
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~ Point (4)

Initial pressure

propagation R,
o,
-
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Fig. 7 Initial setup of DDT simulation Six strain
gauges are attached at six points on tuyere
inlet. Computational domain is 45 cm by

30 cm
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Fig. 10 The snapshots of propagation and reflection
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Fig.11 Sequence of DDT pressure wave and injector
structure interaction showing repeated impinge-
ment on the metal front
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(a) Calculated damage
after six DDT pulses
applied

(b) Slice of experimental
damaged injector

Fig. 12 Comparison of numerical and experimental
injector damage

Mass loss per total mass (%)

0 1 2 3 4 35 5
Number of pulse

Fig. 13 Mass loss of injector versus number of shock
pulses
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