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Effects of Pre-Diffuser on Performance
of Dump Diffuser
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Abstract: Diffuser is one key component of the gas turbine combustor following the compressor. lis primary
function is to slow down the air flow delivered by the compressor in order to promote efficient combustion and
avoid large total pressure losses. An experimental and computational study of cold flow in the dump diffusers was
presented. The main aims were to evaluate the influence of pre—diffuser wall angle and pre—diffuser length on the
performance of dump diffusers, and to identify the pressure loss mechanisms. PIV experiments were conducted in
a simplified test model to help choose of congruent turbulence model. Tt was observed that apparent flow separa-
tion occurred on pre—diffuser wall when pre—diffuser wall angle amplified to certain degree .The pre—diffuser exit
flow was distorted , indicating that the uniform exit conditions typically assumed in the diffuser design were violat-
ed. Skew distribution of the pre—diffuser outlet flow can result in strong transverse mixing for liquid , the total pres-
sure loss of pre—diffuser increases significantly. The formula of the total pressure loss coefficient and the pressure
recovery coefficient was developed. The optimal pre—diffuser length and pre—diffuser wall angle can be conve-
niently obtained by this equation, the calculation error was less than 5%.
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Fig. 1 PIV experimental device
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Fig. 2 Experimental model sketches
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Fig. 3 Velocity curve in dump diffuser
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Fig. 4 Total pressure and static pressure curve
of dump diffuser( 6 =9°)
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Fig. 5 Total pressure and static pressure curve
of pre-diffuser( 6 =9°)

Fig. 7 Pressure contour of dump diffuser
(6=9°,D/H,=1.2)
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Fig. 6 Velocity vector of dump diffuser
(6=9°,D/H,=1.2)

Fig. 8 Total pressure and static pressure curve
of pre-diffuser( # =11°)

Table 1 Result of numerical calculation( 6 =9°)

Separation Flow ratio of outer 0 of pre

2 of dump

Total C, of pre C, of dump

D/H, ) Total C, /%
point(x/L) annulus/% diffuser/% region/% 0% diffuser/% region/%
0.8 0.544 31.42 2.43 14.53 19.7 48.60 -3.73 44.87
1.0 0.794 34.53 223 11.24 135 51.44 1.22 52.66
1.2 0.833 34.08 2.18 10.36 12.5 51.94 0.64 52.57
1.4 0.891 34.02 2.32 12.25 14.6 51.60 -1.89 49.71
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Fig. 9 Total pressure and static
pressure curve of pre-diffuser( 6 =7°)
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Fig. 10 Total pressure and static
pressure curve of pre-diffuser ( @ =5°)

Table 2 Result of numerical calculation( @ =11°)

Separation Flow ratio of outer 0 of pre 0 of dump Total C, of pre C, of dump
DI/H, Total C, /%
point (/L) annulus/% diffuser/% region/% 0% diffuser/% region/%
0.8 0.54 3142 2.93 14.76 17.7 44.62 -3.51 41.11%
1.0 0.36 23.36 3.13 12.45 15.6 42.03 -0.80 41.23%
1.2 0.254 29.47 3.31 12.73 16.0 42.83 -0.01 42.82%
Table 3 Result of numerical calculation( 0 =7°)
Separation Flow ratio of outer 0 of pre 0 of dump C, of pre C, of dump
DIH, Total (2% Total C,/%
point («/L) annulus/% diffuser/% region/% diffuser/% region/%
0.8 — 36.2 143 13.06 14.5 54.36 -2.65 51.71
1.0 — 24.4 1.61 11.06 12.7 47.10 -7.69 39.41

1.2 — 35.6 1.54 11.21 12.8 53.07 0.86 53.93




368 AT BB R e LTS HO0 5 TR PERE Y2 1059
Table 4 Result of numerical calculation( 6 =5°)
Separation Flow ratio of outer 0 of pre 0 of dump C, of pre C, of dump
DIH, . Total £2/% Total C,/%
point (/L) annulus/% diffuser/% region/% diffuser/% region/%
0.8 — 37.2 1.20 18.07 19.3 47.99 -2.22 45.77
1 — 39.6 1.30 14.55 15.9 4391 -5.49 38.42
1.2 — 36.4 1.24 13.73 15.0 47.17 4.17 51.34
1.4 — 27.0 1.26 12.38 13.6 44.99 -2.98 42.01
Table 5 Result of numerical calculation( 6 =3°)
Separation Flow ratio of outer 0 of pre 0 of dump C, of pre C, of dump
DIH, Total /% Total C,/%
point (x/L) annulus/% diffuser/% region/% diffuser/% region/%
0.8 — 37.2 1.19 29.15 30.34 34.62 -3.35 31.27
1 — 34.7 1.25 21.89 23.15 35.54 7.11 42.65
1.2 — 36.4 1.33 26.44 27.44 23.99 -23.7 0.28
A NS
P P00 24y (4)
0.50V

Fig. 11 Total pressure and static pressure curve of pre-
diffuser ( 0 =3°)
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Fig. 12 Total pressure curve of pre-diffuser
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Fig. 13 Static pressure curve of pre-diffuser
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