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CHANGES IN STAGNATION REGION AND RESIDENCE TIME OF COOLING WATER
FOR VARIOUS FLOW CHANNEL GEOMETRY OF WATER COOLING GRATE

DXK. Song,* S.B. Kim' and D.W. Park’

'Environmental and Energy Systems Research Div., Korea Institute of Machinery and Materials
“Environment & Energy Mechanical Engineering, Univ. of Science and Technology
*GEQ Solution

Waste-to-energy facilities including incinerators are known as an efficient method to reduce wastes. In
waste-to-energy facilities, more efficient cooling system is still needed for grates as the energy density of waste
increased. For better cooling performance with the water-cooled grates, optimal design of cooling water pathways is
highly beneficial. We performed numerical investigation on fluid flow and residence time of cooling water with
change of the geometry of the cooling water pathway. With addition of round shaped guide vanes in the water
pathway, the maximum residence time of flow is reduced(from 4.3 sec. to 2.4 sec.), but there is no significant
difference in pressure drop between inlet and outlet, and average residence time at the outlet. Furthermore the flow
stagnation region moves to the outlet, as the position of the round shaped guide vanes is located to the neck point

of pathways.
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Fixed grates

Moving direction

Moving grate

Fig. 1 Three stage grates consisted of one moving grate(center)
and two fixed grates
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Table 1 Dimensions of water-cooled grates, case 1 ~4

Case 1 2 3 4
dy(mm) 46.0 46.0 36.0 26.0
dy(mm) 62.0 28.5 38.5 485
hy(mm) 15.0 D(mm) 30.0
h,(mm) 65.0 w(mm) 50.0

Inlet region
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Fig. 2 Top view of computation domain of water-cooled grates;
case 1 (a), case 2 (b), case 3 (c), case 4 (d), and side view
of grates (¢)
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Table 2 Number of elements and y+ for grid dependence test

Grid 1 2 3
No. of Elements 92,005 418,965 705,882
yt <30 <15 <5
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Fig. 3 Comparison of x-velocity profile for case 1 at the
inspection line with different grids
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Fig. 4 Pressure and velocity distributions at the center surface of
the grate
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Fig. 6 Inspection planes for distributions of pressure, velocity, and
residence time and inspection line for comparison of
velocity profile
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Table 3 Comparison of pressure difference, and the maximum and
average residence time
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Fig. 7 Comparison of average residence time and standard
deviation at inspection planes 1 ~ 6
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Table 4 Average residence time, standard deviation and its ratio
computed at inspection planes 1 ~ 6

pane | 1 | 2 | 3 | 4 | 5 | 6

Case 1

Tavg(5€6) | 0.1327 | 0.3139 | 0.4990 | 2.9271 | 2.4663 | 2.0454

a.(sec) | 0.0173 | 0.0150 | 0.0278 | 1.0356 | 0.6558 | 0.1577

o/, Tavg | 0.1307 | 0.0479 | 0.0556 | 0.3538 | 0.2659 | 0.0771

Case 2

Tavg(5€6) | 0.1320 | 0.3127 | 0.4940 | 1.7664 | 1.8725 | 1.9635

o.(sec) | 0.0168 | 0.0146 | 0.0308 | 0.2114 | 0.2129 | 0.1374

o/, Tavg | 0.1276 | 0.0465 | 0.0624 | 0.1197 | 0.1137 | 0.0700

Case 3

Tavg(5€€) | 0.1337 | 0.3147 | 0.4960 | 1.8494 | 1.9214 | 1.9788

a(sec) | 0.0234 | 0.0315 | 0.0657 | 0.2840 | 0.2532 | 0.1617

o/, Tavg | 0.1750 | 0.1001 | 0.1324 | 0.1536 | 0.1318 | 0.0817

Case 4

Case 1 2 3 4

A P(Pa) 35304 | 37181 | 3,798.0 | 3,692.9 Tavg(5€€) | 0.1335 | 0.3166 | 0.4707 | 1.9023 | 1.9211 | 2.0121
Tavg(8€€) 2.0914 | 2.0656 | 20668 | 2.0658 a-(sec) | 0.0267 | 0.0483 | 0.0806 | 0.3125 | 0.2596 | 0.2259
Taax(5€0) | 43401 | 23244 | 23922 | 2.4666 0/ Tang | 02000 | 0.1525 [ 0.1713 [ 0.1643 | 0.1352 | 0.1123
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