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Mixed-flow Variable Nozzle Turbine
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Abstract

A new type of variable nozzle turbine with a mixed-
flow turbine rotor has been developed with the aim of
satisfying awide operating range and high efficiency
of an automotive turbocharger. The dveloped variable
nozzleisslanted in a radial direction to match the
mixed flow turbine rotor and consists of aternate
variable vanes and fixed vanes. The fixed vanes
enable the clearance between the variable vanes and the
housing wall to be minimized and prevent the variable
vanes from sticking to the housing. It was shown that
there was no sticking of the vanes due to thermal
deformation on the condition that turbine was driven

by combustion gas. It was shown that the existence of
fixed vanes diminished the driven torque of the
variable vanes based on the results of measurements of
the axial force in the rod between the actuator and the
variable vanes. In order to estimate the flow rates and
the efficiencies of the devel oped turbines, aerodynamic
performance tests were conducted. The improvements
in turbine rotor shape and variable vane shape
produced greter efficiencies. Consequently, the newly-
developed variable nozzle turbine offers the
characteristics of wide operating range and high
efficiency.

Turbocharger, Variable nozzle, Mixed-flow turbine, Stucture, Performance
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the middle of a vane.

| Radial inflow turbine rotor @K
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Spherical surface
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Fig. 1

Features of developed variable nozzle turbine.
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CLvn : Clearance between a variable vane and housing (=CLA+CLs)
Avn  : The sum total of throat area of nozzle vanes

Clh CLs

Fig. 2 Variable and fixed nozzle vanes.
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Tension force : positive value

Compression force : negative value

Fig. 3  Method of measuring the axial forcein
connecting rod between variable vanes and an

actuator.

23

cobooboooooobooobooooogouo
rombdO000000oO0O0O0O0COOO0DOOOO
ooooboooboobgo2s50000000000
oobovNOOODOOoooobooooobao
vNOOoOodooodgoosoNoDoOooooooo
cobooobboovNODOoOoooooo2d0o
coooossNOOooboooooogboooono
O00OVN(ODOOOD +00000)yoooog
oobooooboooooooo.

gobooogoboooobooon

gooobooooboooobooooonn

cobOoooooooooobooobooooo
oobOooooooooooboooboooon
oobOooooooobooobooooboooon
ooboooooooooobooobooobooo
coboooooooboooboooobooooan
coboooooooooobooobooooo
cobOoooooooooobooobooooo
oooboOoOoooocobooooooooooo
oobOooooooooooboooboooono
oobooooooooboobooobooooo
cobooooooooboooboooobooooan
OO0000O00O0FRg. 500000000000
ooooo

Force is generated in

30 [ine upenmm:I:L
bt | Large opening
20 =T ki
10 M=o 2
£ E 10 b P — - [Middle openin:
8 & 20 H—B0f00rpm 1o 120900rpm
‘E § R '3‘“ i
g g -30 —~ :
g E ] ] 3
< S . 40 | Force is generated in R -
the closT direcﬁorl.
-50 l
1 1.5 2 2.5 3 3.5
Turbine expansion ratio
Fig. 4 Measured axial forcein connecting rod vs.

Turbine expansion ratio.
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Modified Original
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Fig. 5 Comparison of original and modified shapesin

avane of variable nozzle and turbine rotor.
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Fig. 6

Experimental apparatus for turbocharger
performance test.
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Fig. 7 Massflow rate characteristic of the developed

turbine.

7t 77m; Turbine efficiency containing bearing loss
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Fig. 8  Turbine efficiency containing bearing loss of
the developed turbine.
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Lm ; Viscous friction loss in bearing portion
Qtr ; Heating value transferred from turbine side
TIT ; Turbine inlet temperature

Supplied oil temp.=338K

TIT=873K
15 S

TIT=318K

Heat flow rate of oil
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0 0.5 1.0
Rotational speed ratio N/ N, ...

Fig. 9  Evaluation of bearing loss by measurement of

heating value change in lubricating oil.
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Fig. 10 Differencesin turbine efficiency between
original and modified turbine.
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Fig. 11 Turbine efficiency under the condition of boost
pressure requested by automotive engine.
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