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Study on the effects of structural parameters of bubble—cap distributor with
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Abstract: In order to improve the liquid center aggregation of bubble—cap typed gas-liquid distributor in trickle
bed reactor and investigate the relationship between structural parameters and performance of liquid distribution, a
new gas—liquid distributor with the Venturi downcomer was designed while the effect of its structure parameters on
the distribution quality was explored. A cold experimental bench was established, and the performance of the new
gas—liquid distributor was verified. Euler—Euler-PBE mathematical model was built up and validated to simulate
the gas—liquid flow in the new gas—liquid distributor. Combining the experimental and numerical data, the effect of
the structure parameters on pressure drop, liquid distribution, and spray area was analyzed systematically. The
results show that the use of a Venturi with a shrink—and-expansion structure as a downcomer can effectively
improve the distribution uniformity and spray radius of the entrainment type distributor, and significantly reduce the

pressure drop. Based on the orthogonal cases numerically, the significance of main structure parameters was
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clarified, and empirical correlations of the distribution performance with structural parameters were obtained. The

expansion section of the downcomer is a key structure to improve the liquid distribution performance, and the liquid

distribution performance is the best when the expansion angle is 30°.

Key words: gas—liquid distributor; trickle=bed reactor; two—phase flow; computational fluid dynamics; numerical

simulation
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Fig.1 Schematic diagram of cold—flow experiment of

performance test on gas—liquid distributor
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Table 1 Standard structural and operation parameters of G-L distributor

@/mm @,/ mm @/mm ¢/mm h/mm h/mm h/mm h/mm

w hgmm  h/mm  Degl/(°) Deg2/(°) Ug/(ms/h) U,/(ms/h)

30 50 27 53 20 29 29 66

3 16 65 10 45 18.0000  0.1522

T 1o R ARSER w g ARBETEE o 2. U MU SR S0 R M ik o 3. T AT R AF I BEJE R 5 mm
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Fig.3 Validation on repeatability of cold—flow model
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U=18 m’/h, U=0.1522 m’/h)
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Fig.4 Mesh configuration of G—L distributor in simulations
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Table 2 Orthogonal experiments of numerical simulation on G-L distributor (L27(3,9))

SRS @,/mm (hy+h,)/mm al(°) n hg/mm w (hy=hg)/mm Deg2/(*) ¢y/mm
1 50 21429 7.5 4 13 2.5 9 15 23
2 50 21+29 7.5 6 16 3 17 45 31
3 50 21429 7.5 8 19 3.5 13 30 27
4 50 28+29 15.12 4 16 3.5 9 30 31
5 50 28+29 15.12 6 19 2.5 17 15 27
6 50 28+29 15.12 8 13 3 13 45 23
7 50 35+29 10.12 4 19 3 9 45 27
8 50 35429 10.12 6 13 3.5 17 30 23
9 50 35+29 10.12 8 16 2.5 13 15 31
10 53 21429 15.12 4 19 3 17 30 23
11 53 21429 15.12 6 13 3.5 13 15 31
12 53 21429 15.12 8 16 2.5 9 45 27
13 53 28+29 10.12 4 13 2.5 17 45 31
14 53 28+29 10.12 6 16 3 13 30 27
15 53 28429 10.12 8 19 3.5 9 15 23
16 53 35429 7.5 4 16 3.5 17 15 27
17 53 35+29 7.5 6 19 2.5 13 45 23
18 53 35+29 7.5 8 13 3 9 30 31
19 56 21+29 10.12 4 16 3.5 13 45 23

20 56 21429 10.12 6 19 2.5 9 30 31
21 56 21+29 10.12 8 13 3 17 15 27
22 56 28+29 7.5 4 19 3 13 15 31
23 56 28+29 7.5 6 13 3.5 9 45 27
24 56 28+29 7.5 8 16 2.5 17 30 23
25 56 35429 15.12 4 13 2.5 13 30 27
26 56 35+29 15.12 6 16 3 9 15 23
27 56 35+29 15.12 8 19 3.5 17 45 31

VE shy—h WILUREIE s hyeh VR RS
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