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1—Syngas inlet; 2—Water inlet; 3—Syngas outlet; 4—Device of

vapor and liquid; 5—Steam outlet; 6—Spiral fire tube bundle;

7—Drain; A~G—Tube segments
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Fig. 1 Sketch map of vertical spiral firetube waste heat boiler (a)
and different-diameter spiral firetube (b)
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Table 1 Dimensions of each fire tubel*®!
Segment number  Pipe diameter/mm  Wall thickness/mm  length/mm
A 114.3 10 4394
B 114.3 10 11124
C 108.0 10 6000
D 88.9 8 13802
E 88.9 8 7198
F 82.5 8 18928
G 82.5 8 1072
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Table 2  Fire tube boiler operating conditions!*”
Inlet syngas flux/ Inlet water flux/ DPinlet! P /
Type Fluid Steam outlut flow/(t-h™") inlet outlet Tinlet/K Toutle!K
(m*h™) (th™ MPa(G)  MPa(G)

Tube pass Syngas 47961 — — 5.90 5.85 1450.0 592.00
Shell pass Water/Steam — 40.4 38.20 9.73 9.69 456.0 582.20
F 3 PP RES T BT RTT R S
Table 3 Proximate and elemental analysis of deoiled asphalt sample

w/% w/%
FCu Vad Aag Myq Cq Hy Oy Ny Sq
83.92 13.54 2.03 0.51 89.23 4.13 1.26 1.40 3.98
1) Proximate analysis; 2) Ultimate analysis; ad—Air dry basis; d—Dry basis
F 4 BLMPITTRRER A2 L
Table 4 Chemical composition of deoiled asphalt ash sample
wi%
Ash sample
V,0s NiO AlLOs sio, Fe,03 Ca0 Na,O MoOj5 TiO, K,0
Deoiled asphalt 30.48 20.82 12.36 12.08 10.12 7.79 2 0.74 0.66 0.47
5 13100 g B E A A BT
Table 5 Mass of each component per 100 g of deoild asphalt
mlg
C H (0] N S V205 NiO A1203 SIOZ F6203 CaO NaZO
86.9636 4.0251 1.2280 1.2962 3.9471 0.6187 0.4226 0.2509 0.2452 0.2054 0.1581 0.0406
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Fig. 2 Mass fraction of deoiled asphalt ash molten liquid phase
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Table 6 Simulation condition setting

A . Pash/ — Wall emission N
TinedK T,/K Vinlet/(m's™") PoutleMPa(G) Olgs™) Casn/(J kg™ K™) ) pr/(kg'm™)
(kg-m™) B3] coefficient
1450 582 32.8 5.85 15 2600 1650 0.9 1600

T,

inlet—Temperature of flue gas inlet; 7,,—Temperature of tube wall; vy, .c—Velocity of flue gas inlet; pg,q.—Pressure of flue gas outlet; /—Thermal conduc-

tivity of flue gas; n—Viscosity of flue gas ; 0—Mass flow of fly ash inlet ; C,g,—Heat capacity of fly ash ; C;—Heat capacity of flue gas; p;—Density of flue

gas; p,sp—Density of fly ash; py —Density of sedimentary layer
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Table 7 Inlet syngas composition

#8 MM TH

Table 8 Simulated working conditions

Component Mole fraction/%
CO 33.05
H, 62.32
CO, 3.44
CHy 0.41
N, 0.47
H,S 0.31

2

| Calculate continuous phase |

Enter time

l Enter time step ¢

step i+1

Injecting particles

!

| Calculate discrete phases

No. Syngas flow/%

Flue gas

Mass flow of ash  Depositional

velocity/(m-s™")  particle/(g-s™) time/h
1 80 23.12 12.0 6
2 90 26.01 13.5 6
3 100 28.90 15.0 6
4 110 31.79 16.5 6
5 120 34.68 18.0 6

If the particle are
hitting the wall

Yes

| Calculation of particle adhesion probability |

!

| Updating the quality of deposition |

i

| Updating the nature of the sedimentary layer |

If the sedimentary
layer is droping off

Updating the nature of the sedimentary layer

!

Updating the temperature and
thermal conductivity of the sedimentary layer

HR5HE

2.1 HREIHE

End of calculation time

If the particle escape
the flow field

Yes

Stop tracking the particle

K3 R

Fig. 3 Computational flow chart
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Table 9 List of UDF

UDF

Embedded model

UDF specific feature

DEFINE_ON_DEMAND

DEFINE_DPM_INJECTION_INIT

DEFINE_DPM_EROSIN

DEFINE DPM_BC

DEFINE HEAT FLUX

DEFINE_PROFILE

Deposition/shedding model,

deposited layer growth model

Particle motion model

Thermal conductivity model

Heat transfer model

Initialize the global variable of the function

Control the random position of the particles injected into the flow field
Calculate the ash particle adhesion probability with the amount and
height of deposition at each time step
Control whether the trajectory of the particles is tracked again after

hitting the heating surface

Calculate the heat flux density at each moment of the heat transfer surface

Update the surface temperature of the deposited layer
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40 o— Simulation result
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Fig.4 Comparison of
literature [36]
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Table 10 Comparison of simulation results with actual operation

simulation results with those in

conditions
Syngas outlet Syngas inlet pressure/ Steam outlet
Item
temperature/K MPa(G) flow/(t-h™")
Simulation result 597.72 591 36.69
Operational parameter 592.00 5.90 38.20
Error 0.0092 0.0017 0.0395
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Numerical Simulation of Dynamic Ash Deposition and
Heat Transfer Characteristics in Gasification Firetube Waste Boiler
Fed with Deoiled Asphalt

YAO Weixuan', HAN Yang', DAI Zhenghua'?, XU Jianliang'!, LIANG Qinfeng', WANG Fuchen'
(1. Shanghai Coal Gasification Engineering Technology Research Center, School of Resources and Environmental
Engineering, Esat China University of Science and Technology, Shanghai 200237, China; 2. School of Chemical
Engineering, Xinjiang University, Urumqi 830046, China)

Abstract: The firetube waste heat boiler in the deoiled asphalt gasification process has serious scaling problems,
which not only affect the heat transfer efficiency of the firetube boiler, but also threaten the safe operation of the boiler.
In view of the special ash composition and large temperature difference between inlet and outlet in deoiled asphalt,
combined with the melting liquid phase ratio model, critical velocity model and shedding model, the CFD method is
used to segmentally simulate the ash deposition distribution, depositional surface temperature and outlet temperature
changes in industrial firetube boilers, and explore the related impact of syngas inlet flow. The entire firetube is divided
into seven segments A—G. The results showed that the ash deposition in the firetube boiler mainly concentrated in
segments A and B, with a maximum depositional thickness of 6.37 mm. After ash deposition, the overall heat transfer
efficiency only decreased by 0.88%, but the heat transfer efficiency of each tube section changed significantly. When
investigating the influence of syngas flow, it was found that the syngas outlet temperature was positively correlated
with the syngas flow. When the syngas flow (Taking the operating condition of 28.9 m/s as the benchmark, the inlet gas
velocity was set at 80%, 90%, 100%, 110%, and 120% of the operating condition. Throughout the text, this represented
the syngas flow) increased from 80% to 120%, the outlet temperature at the end of the firetube G section only increased
from 590.51 K to 605.56 K. Increasing the syngas flow could be adopted to enhance the steam output. However, as the
syngas flow increased, except for the wall temperature of section A decreasing, the wall temperatures of sections B to G
all increased accordingly. Under the condition of a syngas flow of 120%, the wall temperatures of the highest-
temperature sections B and C reached 756 K and 768 K, respectively, approaching the maximum working temperature
of the material 773 K, which was not conducive to the stability of the boiler operation.

Key words: waste heat boiler; spiral son-uniform fire tube; heat transfer; numerical simulation; dynamic

simulation
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