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ABSTRACT

This research is performed to investigate the effect of operating altitude on the performance of the ported shroud centrifugal
compressor. The numerical analysis using commercial software is performed for the turbocharger compressor and it is compared
with a non-ported shroud and a ported shroud cases at ground and high altitude. From these results, pressure ratios and
efficiencies are reduced by 2~4% and 2.5%p at high altitude (18 km), respectively, because of Reynolds number effect.
Moreover, it is confirmed that the performance of the ported shroud compressor is not better than that of no port, but the ported
shroud is capable of maintaining the mass flow rate at the stall point with respect to the variation of the altitude. Therefore,

the application of the ported shroud is reasonable in terms of the stable operation of the compressor at high altitude of 18 km.
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Volute slit

Fig. 1 Centrifugal compressor with the ported shroud
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Fig. 2 Mesh systems of ported shroud & no port compressors
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Ported Shroud

Table 1 Criteria of boundary & operating conditions

Inflow Total pressure & temperature
Outflow Mass flow rate

Wall Non-slip
Interface Average stage

Rotating speed 135,000 rpm
Altitude 0 km, 18 km
I:n!lf::taBlcP &aT
Wall BC

Interface
: stage average

: no slip & adiabatic

Interface

: stage average

Outlet BC
: mass flow rate

Interface
: stage average

(a) Ported shroud

Inlet BC
:Total P& T

Interface
: stage average

Wall BC
: no slip & adiabatic

Outlet BC

Interface : mass flow rate

: stage average

(o) No port
Fig. 3 Criteria of boundary conditions of the compressors
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Pressure ratio

4.0
stall

35 ¢ stall
3.0 ".
2.0
1.5 ® :Spec data®

A :No port

A : Ported shroud
1.0

0.1 0.2 0.3 0.4
Corrected air flow rate [kg/s]
(a) Pressure ratio
Efficiency
0.9
0.8
Ady
AAA
0.7
A
0.6
0.5
A

04 @ :spec data® &

A :No port

£ Ported shroud

0.2 0.3
Corrected air flow rate [kg/s]

04

(b) Efficiency

Fig. 4 Comparison of performance data from numerical simulations
with those from a product catalogue(8)
(reference conditions: 203K, 1atm)
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4.0
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: Ported shroud (18 km)
: Ported shroud (0 km)
: No port (18 km)

: No port (0 km)

rE0O

0.2

0.3
Corrected air flow rate [kg/s]

(a) Pressure ratio

0.1 0.4

Efficiency
0.9

0.6

: Ported shroud (18 km)
: Ported shroud (0 km)
: No port (18 km)

: No port (0 km)

0.4

_R=n|

0.2 0.3
Corrected air flow rate [kag/s]

(b) Efficiency

0.1

Fig. 5 Variation of compressor performance with altitude

Table 2 Compressor performance at 0.295kg/s and the mass flow
rate at the stall onset point

Altitude [km] 0 18
Port 0 X 0 X
Re numbers 242x10° | 2.86x10° | 2.53x10" | 2.74x10"
Pressure ratio 2.97 3.09 2.9 2.98
Efficiency [%] 733 77.0 71.0 744
Mass flow rate | 000 | 055 | 0197 | 0279
[kg/s]+*

* Based on compressor inlet
#x Corrected mass flow rate @ stall onset

Velocity
Veclor
[ 565504002

424164002

| 2827ev002

141204002

i
<y 0,0000+000
3 Himsnal

[Ported shroud, 0 km]

(a) Altitude 0 km (Left: ported shroud, Right: no port)

Velociy:
Veclor
" 4.86304002

3.64704002

1 24314002

1.2160+002

I
=

[Ported shroud, 18 km]

[No port, 18 km]

(b) Altitude 18 km (Left: ported shroud, Right: no port)
Fig. 6 Velocity distribution at span 90% (135,000 rpm, 0.295 kg/s)
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Ported Shroud &Alet=7|

Velocit
Wactor

' 5.655e+002

| 4.241e+002
2.827e+002

| 1.41484002
-

[m s2-1]

[Ported shroud, 0 km]

[No port, 0 km]
(a) Altitude O km (Top: ported shroud, Bottom: no port)

V@\OCI?
Veclor
4.863e+002

| 3.64Te+002
2.431e+002

|| 1.216e+002
-

0.000e+000
[m s*1]

[Ported shroud, 18 km]

[No port, 18 km]

(b) Altitude 18 km (Top: ported shroud, Bottom: no port)

Fig. 7 Velocity distribution at trailing edge of impeller blade
(135,000 rpm, 0.295 kg/s)
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Velocit
Vector

;] H 5.655e+002
3 4.241e+002

2.827e+002

1mrrr

1.414e+002

0.000e+000
B

[ms™1]

;7 —

[Ported shroud, 0 ft] [No port, 0 ft]

(a) Altitude O ft (Left: ported shroud, Right: no port)

"0 Vel
Vector

3 H 4.863e+002
J
3
)

i
\JH

3.647e+002

121664002 /]

0.000e+000 )
[m s™-1)

i

[No port, 60,000 ft]

[Ported shroud, 60,000 ft]

(b) Altitude 60,000 ft (Left: ported shroud, Right: no port)
Fig. 8 Velocity distribution at the meridional plane
(135,000 rpm, 0.295 kg/s)
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