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ARTICLE INFO ABSTRACT

In this research, the design and construction of an innovative multi-pass radial turbine for use in a torque converter and
the aim of investigating its performance in collision with a fluid jet have been studied experimentally and analytically.
In the experimental method, the innovative design of a multi-pass radial turbine has been used to increase the fluid
Article Type energy inside the turbine due to the reduction of centrifugal force in the inlet channels located at the smaller radii of
Original Research the turbine. The turbine has been built in accordance with the software geometry. The number of revolutions and torque
generated in the hydraulic pump coupled to the turbine shaft has been measured after the fluid jet collides with the
turbine openings. Experimental modeling seeks to show the continuity of the torque transfer mode due to the change
in the fluid entry path to the openings on the smaller radius of the turbine. An analytical model has been developed to
investigate the changes in turbine speed and torque under the influence of changes in turbine radius and fluid mass
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Fig. 1 Fluid ejection from the turbine at a greater than stall speed
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Fig. 2 Cross-sectional diagram of a multi-pass radial turbine

V¥ alays oof oylad YO 0y93

OhlKen g iloyd dgamme s WYE

Ao lag pRels 5wl 5 cwl Jluly gl sl
E5 osledS e )3 ylld laded (gile dud )3 e
Bl 39409 %0 55 (2l S g 4Ly ioli8l e 48 ¢/ VL0 U HgleiS
oslitul b 1) j5leiS Jare G 3Sae V] adlyliiws 5 ol
CFD @Yl wliwlo 1381 059 S bawgs by joSurg Jlawo 51
GSuadl Jao 5l g wlesls J13 sy e (533 wyge @
dw by Gwyp adlhe pl Ban 5gd e odliiwl 3la3tiwl
Gt ol 53wl (2 bo 9) Hgibuwl J51s s Jlw g
ol 0325 sanliie Lgilinl 13 ol siloliz 51 il e
JUl Jlawo 51 oslital &5 w30 Ui 345 ol (i
298 B job 4 alidS Jase 55 ol ajeSiuny b plss
Jare 3SLee am350 8 0l i |y (033 9) 55l o
5 e Ul Jls G (2 pRalS Sl eslainl b jsliss
ObalSyd o LS g 4sliS E5 (Jlw pasld Gl b
raie ¥ y5lS laise dinej 53 puday wlixisd e
oleaily 3910 (o>lhb £3890 cujazo b i g9l b g Jylae
2 gl oy dwain celblal)l alao oy dagli s b
G 53 ol ol oladl g GBIy JLid (e 5 2ds (b,
dwain by oSl eled gungd el g 2hb 4 el
b U ol 3Slae aslsl 3 caol oads aislayy dolysiz (53959
2 Jlw e (g9 il o jgluiS g 595 whins g
o1 @ly Gy Hse lize (63335 (SlaJUlS)sleolKal,
3LetS JUE] el 0515 sy Buind ol ol 1 S e
slogled 33 oad auss slaolal, 51 eslaswl b g puSils g
iy ledily wygiar S LBlie YU (sleygs 53 (gt yS2sS

! 044

s oyl -
wlabd (gLl dosion 4 (S Il 53 45 LusS Jare S8,
Oloily Sga0 dine; )3 (3l iligdind ayls o 35 mhauo
Lol cunsl 43,3 g0 (iU 55 LidS are pitucs (5,15 baalyid
Gtz BB by b slaygs 53 s ol pleddly plizes
oge wlegdge I ol el LYs uyy [VFlewl ailas
2 cwlord gly dzgi 330 HoliaS(sladase ;5 &5 cul
w095 2 3550 31 505 (5958 LIB! s ol Gl Jolses!
guz el 39250 Cao & el T gl Slasd Gil3l Sl
33850 98 1S Jlw 9 ainsd 4 63959 Jlaw o 255

(\JSs)
551 U (laelis o3 s 5 sy b illae
G ol 53 3l 3929 e ol > Gles 9 (688 pleily
5 Pkl bz elad puel SQ LSy g 3o
sad 48,8yl )3 S5 SOl 2 ol wad ol wale

el

Urte SyilSo udige sole doliole



ey

Turbine wheel

Turbine blade

55031 5205 9 Ly ¢ Yl e (slmg 8 0yl 25k O S
Fig. 5 Schematic of fluid jet, drag and centrifugal forces
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Table 1 Technical Characteristic of testing equipment

Unit Value Characteristic

Kw 55 Electropump power

RPM 1450 Maximum electropump speed
Lit/m 15 Driver pump flow rate

Bar 200 Driver pump pressure
M/Sec 36 Average fluid velocity in nozzle
Lit/m 42 Hydraulic pump flow rate

Bar 0-30 Hydraulic pressure variation range
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Fig.9 Conducting an experimental test (right) and recording the measured pressure values (left)

e g lo-#

e (puizan g 98 (g dlasi )lid uslie wud gl b
Hoo glad ;3 39290 ilas 93 by p oad gzl HglusS
™) Jsdz wygar ol (Sdgyaun ey dasie 5 ousd
Py = daly 51 Preyasygi oo do oddd 03l (g ol o il
33 Gtz $5xl e P =g Jluw e 3 F.V.cosO
G20 0392 el dzgi b gl 9 50 dawlo ¢ (et &2
0hgd ey I AL @lsd whaass g JiU 1 b2ess Jbw
bugio (ousd (535 b (5398 Gl s Jud> ) ouygS
LV oll ol 335 s @lggliS WY (gl y92e0 53 g
Jlao ol 418 lid el jglaie 4y Guaggyisdl (ylsd 51 wlggls
cuol ;S @Y 39d e Spiue Jluw o g oy piluaw )
el gloj 55 Sigyiad s 9 sl s9me HludS g g
il L (V) Jgaz bt b @illae s il (0,23 Giolej]
LS (Oaes 5 4S8z sS yge k8 I slatwl) (uygd jexe 493
Sl GEelS 50 Sy ey 29> 50

J36 G o3 6l o sl T3l Jols (slaesls Ygaz
Table 2 the experimental test data of the for a nozzle flow rate

N0 T1 &7 n P2 TEST

imom % (N.M) (mm) (rpm) (bar) CODE

1.87:1 72 285 22 13.6 230 1053 28
1.24:1 81 394 6.45 9 225 1184 18
0.9:1 86 489 8.4 6.53 220 1250 13 1
0.71:1 90 580 8 5.1 215 1310 10
1.77:1  66.7 270 10.9 12.8 230 967 25
0.97:1 76 417.2 9.5 7 225 1104 14

0.75:1 82 509.7 8.8 5.45 220 1190 11
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Fig. 10 Recording pressure values in the measurement system (Test B)
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