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ABSTRACT 

The Axial-nov turbine ZD760 vith fixed-blades ud Tertical abaft 
is the most siaple and cheapest of all types of turbbaea. 'l'bie paper 
ai• to introduce the whole eet of standard turbille includill« the nm
:ier, vhich bae been researched, deaiped and aanufactured ~ a facto~. 

The following vill be described ill the paper: 
1. The test research results obtailled ill the test of the turbine vi.th 

fixed-blades and adjustable guide T&De&i 
2. '!he COllatruction features COTerillg opes n .. , draft tube ud coup

ling -thoda; 
}. '!he standard aeries of this type of the turbine; 
I+. 'l'be tnical application examples illatalled in th• exiatillg power 

atatione. 

Qiina ia rich in hydropover resources. Since the foanding of the 
People'• Republic, the hydroelectric utility has deTeloped Yer, quickl1 
and the manufacture of hydraulic turbine baa boo•d according~. 

Because turbines are being Mde by illdiTidlllll auufacturere the tur
bine products are of wide Tarietiee and their application ranges oTer
lapped, · .,.. are ewe cut of date ill conetruction. Aa a preliwin•17 
rectification, the first etudard Nri•• of h~ic turbine• turned 
out ill 1965. 

After aore tbeD 10 yeara of n:per1-ta in auufactve, illatallation 
ad operation, the •ified deeip of hrbine 8el'i•• with amt capacit7 of 
le.. tbaa 500 kV vae carried oat. It ilacl11dea 4 tJpllll of tvbines, 8 tne• 
of rmaen and '2 ~ucta auitable for •tel' bHda of 2-2?QI and dis
cbal'gea of 0.01-8.6 • ~·· (Fig. 1) 

fle•d '") 
,1,,.l R~n"-e ot applicnt1•n for turbine eertee be\.,. 500lt'W 
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Se•eral years.later, according to the requireaent of standardization 
an o•erall planning of the turbine aeries within 5()0--10000 kV eapecit)' was 
completed. In the application range, 4 t)'pea of turbines, 19 t)'pes of run
ners vere selected and 53 turbine products vere listed up of vhich '8 vere 
old rea~-made t)'pe&. (Fig.2) ' • 
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Pi.~.2 Rknge of applicRtion for turbine orod~cts within 500-lOUOOK'~ 

The acl•uatagea of the turbine aeries are: 
1. The turbine aizea iA the applicatioa raDp are aJTUpd reaao-bl)' 

without o.erlaps. 
2. Unified conetruction ia adopted and a large qlJalltitJ of standard com

poaente are selected, therefore, it ia po•ible to .._in produc
tion and to inatall ma site with a relRllt of rai8ing the ecoaoaic 
benefit of operation. 

}. A forllal technical atandard baa beea aet up1for exaaple, COllmOB 

tecbDical requirements of vater t1U'bill• uad tecbnical requir ... nta 
of puage for the water turbine. Therefore, the q-1.itJ of turbine 
prochacta can .. et the atipalationa for the Qaal.ity Grade• of Water 
!urbillea,the accuraey uad surface filliah of water ....... are all 
ai•il.Ar to those standard of International Electrical Colllintee. 
The abo•e mentioeed .. aau:rea greatl1 accelerate the de•elo)l9ellt of 
tm-bi.De MDufacture. 

Beca•• of high iaYeat..at, it ia iapoHible to teat llOI'• llOclel na
awa for ..U. t'al'bill•• aiailar to tlloae of large ... , the wter ,. ... , •• 
.,,_ allfaf• adopted •i•ilar to ~°" of 1arp tv1tbN bat ta naced-ecale. 
'?ab Asial-flov taniae .. -..pl.e,tbe 80ftble axe• of blade• for lara• 
Axi&l-Uow tvbia•• an placed ta the •icldl• of blade Jll'Ofilea, it will 
llillisize th• hfdra11lic 809nt of 1tladn, aftilable tor nplatioa of load 
duriAg operatiOD. ht the nmaer Z1>760 waa in•••tipted ta a clilf ereat 
wa1. la 1960•• there were maJ Propeller tm1»iD•• ia opentioa ia l'lll'al. 
JIOWI' atatiO!IS• Solle troubll• oftn oooand ia opentioa, 8aOla • iMm"fi
cient oatput or lcv effici•CJ• Teoluddaae fl9 ...tact_.... wn •ll•d 
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to the aitea for the repair. After bei.Dg diaaatled, a099the• clefecta in 
the vater paaeage could be foaad. After it bad bee11 repaired b7 welclillg, 
cutting or grinding, it vu re-nbled ud pat iato operatiOll agaill. 
lfhrough haadreda of actual practic• Oil •it• iD this way th• teclmiciana 
haTe accumulated a wealth of eleperi•ce oa how to iaproTe the runner per
forancea etc. 

In the •iddle of 196o•a a new rumaer ache• vu designed, it ie char
acterized by the blade profiles and the blade poeitioa of the moTable axes, 
they are eepeciall7 suitable for ue iD ...U.-aize propeller turbill••· Ill 
site teats proYed that the l'UDJler was full of pro•iee, after that, a former 
•odel turbine vith the 1iJpe l'UDJler vaa muaufactured and teated at t:be teat 
stands ill hydraulic laboratories. Teet 
reeulte al.so shoved that it was good 
poueasing high efficieDC,., large aait 
discharge and high 11Dit apeed. 

Later, this rmmer type was coded 
as ZD?f>o. At the efficiency stand the 
parameters of its vatPr passage are 
shown in Fig.3 and the folloviq table. 

RelatiYe height of guide Yanes ~1 ..0.45 
" hub " runner 

d 
D-0-35 

I 

II height 11 draft tube ~ D, 

Nominal diameter of rmmer 400 -
The number of guide Yanes Z = 12 

Th• teat results 
obtained are ahovn ill 
Fig.4, and the •in 
performance ia as fol
lova: 

'f Q:ont 
0 1670 
5 1920 

10· 2200 
1~ 234o 

n:ont i 
181 87.6S 
170 87."' 
164 85."' 
11t5 82.~ 

I 
.... 1----·~ 
P1g.)~ater pae•age o! ZD760 

at ef!ic1ency •tand 

ZD760 

At.caTita~ioll 
atand.·Che water pa••
age and ge ... tric par
... ter• of ZD760 tur
bine are •lightl7 dif 
f ernt f.rom thcBe at the 
efficincr atand. u 

Pig.4 Chill curve ot ZD760 at ef!1ciency •t•nd 

8how iA Fig.5 and following t.ble: 

the 110del turbine vith square apiral ca•• 



lov relati'H height of guide 

B 
•an es 1> = o.4 

I 

lov relati'Ye height of draft 

tube 

relati•• length of draft tuTe 

l i> = 1+.5 
' 

the number of guide YaDee 
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I 

& 

f 1 \-~-~-..::;;i~-
Pig.5 .. ter paeeage o~ ID760 at eawitatior. etand 

z;... 16 

'l'he opti111111 para8eters, such u mit speed, mit diacbarge and ..xi
... efficiency obtained at the caritaticm etand vere a little lea than 
those at the eff icienc7 stand. 

In compari9011 vith the old ~er, the efficiency ill the hiil cune 
at n:< 220 is • higher and that at Q:>18oo about 0.5 - • bicher. 'l'he 
cantation coefficient at f-+1S- lie• between 1.1 - 1.42 about 0.2 ...Uer 
than that of the old numer. 

Then :a batch of ZD?60 runners were lUlllufactured ud nnt to •arious 
sites for trial run. 

Ba•illg been operated in man7 -1.l h7dro pover stations for several 
7eara, the ZD?6o t7pe turbine has been pro•ed to poeeee u excellent per
formance both ill efficiency and ca•itation. In 1978, it vu recommended 
as standardized turbine and vae listed ill small turbine .. ri•• 1'elov ,500kW. 

2. APPLICATION RANGE 

Axial-now turbine can exploit h7dro-ener11 of low head ud large 
discharge. 'l'he change of the diechar1• and the opti1111m h7draulic per
formance •1 be achieved b7 replatillg rmmer blad1• or pide •an••· 

fig.6 shove a comparative eff
iciellCJ curTe depending on the dis
charge of their Tariou combination. 
The turbine with adjustable blade• · 
and adjutable guide •uee, baTillg 
better eff iciencr and higher outpat 
ewer a wide J'UI• of operation, ia 
••1"1 expeuiTe ud i• coaplicated 
in con•~ruction. Bat tbe turbine 
with fixed blade• ud acljutecl picle 
Tanea, on th• other bud, i• c.nanc
terizecl bf Tel'J •i19ple conatn"ioa 
and •&81 muufactare. If ~ucb uait• 
are applie4 to aultiple unit •itea, 

tOO 
.c . ""-. --·- .~ 

..... ·- , ..... ~. , ... • 
.• .. 1 , ; • • 

' 
/ 

' • 
________ _, .... , ·-------..... • c---•--.. tn ·-------..... 

•. • • • • "' • • tOO no 
Pig.6 Collpari•on ot Ax1al-flotr 

tu~bine ~•rfonaanc• 

whr• outp:t can be adjuted to T&J"1ing loed conditiOD8 by controllinl 

• 
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the auaber of uits on the line, the shortage of l.rge efficieac, drop 
at part load range may be compea•ted. !hia is vhf, accorcling to tbe 
statistical data, 7ou will find, there are al"-7s 3 - It unite of Propeller 
turt.ine• i.a.stalled in a single bydro power atatiOD ila China • 

The following table shove the standard turbine ZD760. 'Jbere are 5 
runner sizes (Ito, 60, 80, 100. and 120 ca) for turbine aeries below 500 
kV (aee Fig.1). All of thn are equipped with straight draft tube, and 
besides, with open fiae intake for heads Of 2 - 6 • uad with presaure 
nume intake for heeds of 2 - 7 •· Thertt are 3 namer 81.zes (180, 200, 
250 cm) with elbow draft tube and concrete spiral cue for turbine pro-
ducts within 500 - 10000 kV (see Fig.2) regulating a range of dis-
charge of Q between 14 - 28 
•

3 /s, heads between 2 - 7 a 
and output more than 10000 
kV. All of the• are of Pro
peller t7pe and Tertical. 
shaft. 

' __; 
I I I I I'•: 

I :~ 
I i; i 

Fig.? shove one charac
teristic curYe of operation 
for ZD760. '.l'he generator ia 
of e;rnchronous tn>e vith 
•ertical arrangement, the 
rated voltage is 400 V match
ing turbines of leas thall 500-
kV and 6300 V for turbine 
products with 500 - 10000kV 
capacit7. 

~:rLiif'-:i~ ....... ..Y, .......... ,....,,,,..t...l,,..L,,;. I t • . t t 1 ! I 
•- , .. - - ·- - - .. r .. riCK•) 

Pig.7 One of the operation characterietic 

for ZD760 

Intake =•r di· bla~~ d••ip Generator GoTenaor ~anuitio1 
Fon erC<:a: angle head ~(aJ capaciv aw tne •thod 

I 
12-26 ft-75 "¥''' "D" 5 ; 3.5-5.5 

' 40 10 : , ... 5.0 12-26 ft-75 ''V "' "D" 
~ 15 ; 3.2-4.9 12-26 ft-~·5 .. , .. , "D" 

QpeD 5 2.6-6 18-75 ft-75, ft-150 ''V "' ''D" 
nume 60 10 ; 2.5-6 18~75 ft-75, ft-150 ''V"' "D" 

15 : 2.4-5.8 18-75 ft-75, ft-150 "V~ "D" 

i 5 12.9-6.0 lto-125 TT-150 ft•300 ''I" "G" 
8o 10 '2.1-5.5 lto-125 TT-150 Tr-300 11y11 "G" 

; 

' 15 . 2.6-6 .. 0 l+0-160 TT-150 ft .. 300 ''V" "G""D" ,.. 

5 2.7-7 ~ >5-250 TT-150 ft-300 "V'"'G""D" 
Open 100 10 2 • .5-6. 5.5-2.50 'l'T-150 ft~ "V ""G""D" 
nae or 15 2 .. 1+-1.o 55-320 TT-150 ft-300 

•fl ""G'"'D" I 'l'T-6o0 preliJ•ure; ' nume 
5 2.6-6.6l 55 - ~o 'l'T-300 ft-6oo "V""G"''D" I ' I 

I 120 ' 10 2.4-7 i 75-i.oc> ' iT-300 ft-600 •"'1 '"'G""D" : I 
I I 15 2.3-7 75-ltOO 

1 TT-300 ft-6oo ''V""G"''D" I 

~ 
50 l't-100C 

ooncre';.e; 18o 5-6.? 500, .. 8oo 
TI>T-18oo ''D" 

I ... iral ! '°°' 630, 
!DT-18oo 

I 
• 

'° 4.2-8 ''D" I 200 ca•• ' 8oo, 1250 ft-3000 
' +50 I 250 5.2 1000 !'f-3000 "I'" I 

I 

Note: ''V" 1'elt trMam!tion; "l>" direct c~uJ>liJll; "G~' gear tru~•ition. 
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3. COMSTRUC!Iat FEATURE 

Coai.ng fro• the :lJllet gate, vater enters the iDtake and guide Tanes. 
After iapartillg its 11aergy 
to the l'Ullller, it go•• 
through the draft tube ud 
fiJLal.11 to the tailrace. 

The •jor components 
of the turbine illclude 
rumaer, Min shaft, guide 
Tanes and their aechanizm. 
guide and thrust beari.Dg, 
intake part and draft tube. 

The intake arrange
aents caa .. illl1 be class
ified iDto open fiuae (Fig. 
8) and concrete spiral case 
(Fig.9). The former is 
econoaica1 for head up to 
6-, otherwise the length 
of the main abaft ma7 be- Pi~.8 Section of e111&ll aize ZD760 

co• exceuiTe. 'l'be latt- 0 er vith the DOB• angle of 225 caa be adopted for high head. 

'11. 9 3•ction of large size ZD760 

•ise Gait~, but the elbow draft tube is 

The runner is the heart 
of the turbine, three propel
ler0rmmer angles: +5°, +10~ 
+15 are used for normal di
aaeter each to ... t the aeeda 
of diff erant discharges. The 
1ntergral eaetiron l'UllJler is 
euitable f~r diaaeter of le•• 
than o.6'1 vhile the cast steel 
one is for high head. Recent-
17, the caat-weld construc
tion is videl7 aade use of 
and greatl7 simplifies the 
auaufacturillg techniques. 

'!'here are two tJpe• of 
draft tubes line~ in the amall 
turbine •erie•. the •traigbt 
dra!t tube, Wf•rJ aimple iD 
coutructioD ad eu1 to anu
f acture, i• suitable for mini-

for lars• 11Dita. 

!Me aaiD factioa of the guide beariag is for poeitioaiDI the nain 
matt as well u ta.Id.Ill up the radial load, mad tbs •ter-lubrie1.ated pid• 
beariq, T•l'J •iapl• ta coutnctioa, M1' be loeated u aear to the ru
aer •• po.,.ible 1a order to absorb the Yiberatioa of tbe •it. !berefore, 
it is videl1 adopted in th• open nuae tn• t11rbin•. 
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l•purit;r ill water is filtered bJ the doable akin filtering network 
inetallecl aboT• it, hence th• eroeion inside th• bearing cu be pnYated. 

When the bead ia higher, an intermediate guide bearing ie added on 
top of the name iD order to increaee etabilit1 in operatim on the other • hand a replacable aati-vear aleeYe ie rtxed or stailll.eea steel ie oyer-
lapped on the cylindrical surface of the •iD shaft where the intermediate 
guide bearing ia placed. 

Radial thraat bearing ia located on the generator noor and aupporte 
r.adial load, hydraulic thrust load ud the weight of rotating parte. All 
of the• are of plaill bearinge, l1*licated b1 oil and cooled bJ water 
through a pipeline. 

There are tvo types of guide Yane mechanize. The simple Ol!.e is of 
inside regulation for runner diameter leu than 120 C11 (see Fig.8) and 
the outside one ia for large eize (See Fig.9). If water in the riTer 
ie 8alldJ, u auti-veariDg ring ia equipped on the water passage of the 
bottom ring and the band coTer. 

Brake deYicee are needed for turbines equipped vi.th plain bearings. 
As the unit begiDa to ehut dawn the speed of the main abaft becoaee lover 
and lower. When ite epeed reduces to about 3(1j of the rated Talue, the 
device vill be actuated to stop the llOTeaent of the 8baft ~aediatel1, 
otherwise the bearing may be burnt out at such lov epeed. Beeidee a te•
pera ture-•aeuriDg deTice ie alva7a fitted iuide the bearing bod7 to 
proted it b7 ending teaperature signal. 

The turbine of thi• t,.pe, pou
essi.Dg poeition 11111ctioa head, ia 
alv91a located at positiTe aetti.Dg 
(eee Fig.10) and a •acum break 
Tal•e ought to be 110unted on the 
apper portion of the head coTer 
near the •in ehaf t to guard againat 
the poaeible lifting of the anit, 
due to u upvarcl tbraat of the nua
ner when the guide Taaea are 811Clcleal7 
closed. 

I 
I 

r·~ 

:.. •It• 

J II" / .. 
v .I .I 

I/ "r.1 

j 

• • It r H(111) 

Pi,.lORange ot application for ZD760 

A co•b shape lab1J'iath "'ealiDg atruct11re ie placed cm the bead .coTer 
to reduce the leakage of water. 

There are tvo •thoda of couectiag the turbU.. to th• generator in 
thie eerie•, i.e. bJ direct co2pling or bJ truamiuioa through ''V" belt 
or pare, thu belt-t:rpe coupling 18 used for the mit with capacit1 le•• 
than '75kV and the la~ter for the 11Dit with capacit7 within 100-160kW. 

!be electricall7-coatrolled ud ... uai17-operated epeed regulating 
dnic"'• or automatic go•enaore of type• ft, ft are iaatall•d for -11-
tfpe turbine• .. •tOMre prefer. 

OD the vhol•, co•poant• of aitied con•~nactioa, ataadardisatioa 
a.ad uniY•realizatioa are videl7 applied iD thie etaadard turbiD••· For 
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exuaple, bearing, fiyvheel and pide Tar&ll!S·e~, which alee it 11e>re re
asom.ble and up to date. 

The six largest aits 
(see Fig.11) vith runner di
.. eter o! 2 • .511 and capacity 
of 500 kV each are iutalled 
at Bengbuzha b7dropover sta
tion, Anhui Pro'ri.nce. The 
design bead is lt.1m, the llllX

im bead is 6a and the •in
llWI bead ia 2.Sm. 

The tJpe• of the turbine
genera tor set selected are as 
follova: 

Turb:..ne ZD760-LH-250 
Gene1·ator SF 1ooo-48/3250 
Go•ernor YDT-3000 

... .. . ~- -; 

Fig:11 Install~tion dr?.wing of ZD760 
with concrete spiral case · 

Ae the hydraulic structure of the rite has already been completed 
before hand, the dimension of the elbov draft tube and the concrete spiral 
case are determined, vith ainor changes. The relatiYe height of the draft 
tube is only 2.24~ so• nev techniques ha•• been adopted at the site~ for 
example, guide •an• alee•es are •de of hylon ud electroplating •thod 
is applied in llalluf acturing the guide •an• jo111'JUlle iJultead of uei.Dg elee•e
Wa id or o•erlapping etainleae eteel. 

Thia h7dro pover station vaa co•iaaioned laet March ud hall been 
operating normall.7 up to now. 

There are altogether fi•• aaita vitb capacit7 of 250kV each at Ren
gongbu hJdropover etation, Ouangdoa.g proYince. The Yertical &opeller 
open-fiue t7pe turbiDe (ZD76o-LM-180 >ia equipped with head cover and 
guide •uu •de of eteel ••h reinforced co11crete. Tht. h7dropover eta
tion ia of low head l"UJl-Of-ri•er tJ~ co•pleted ia 1983 with a deeip 
head Of 3.6a and 111lit diecharge Of 8•J/s, aDd ie CODDected to the national 
grid. 

The ZD760-LM-12o type turbine with direct coupling ad pressure nue .. 
ha• been operating at Xiangtu h7dJ'opover station, Sicbuan pro't'i.Dce. Since 
Rov.1981, the application range i• ae follove (see Fig.12) 

B • 2.6 • 8.4 • 
N • CJ4 - 45'+ kW 
D • 215 - 375 rpll 

Three turbine-generator Ht• each With e&J'9Cit7 ot 150kW ud water 
hea~ of 3 - 4. ha•• been installed at Yi Cwa bJdropower •tation, Zhejiang 
proYince. (ee• Fig.13). 



• 

\ 

- 9 -

Pig.12 ~·••nt dra•ing of 

ZD760 •1th pressure flume 

---· 
Pig. l) Installation drawi~ 

ot ZD760 with open fiun:e 

The Beijing-Mi:JUD di•ersion canal ie another example to use thia 
t,-pe turbine • Located 90kM avaJ' fro• the centre of the city, Beijing, 
it is the 111ain system fer con•eying vater to the cit7. 

The total head of 35m is exploited for fiTe h,-dro power stations with 
a total installed capacity or 11400 kW_and the total discharge of 60-70m3/s. 

With a •iev to decreasing the different types and nwabers of .. chines, 
the same type ZD760-LM-200 of 15 turbines is supplied for all the cascade, 
coupled vi th 15 generators cL tvo different t;ypes. 

All the fi•e stations vere commissioned in 1978-1979 and vere con
nected into the state grid. The annual generation hour reach•• '840 -
4';50ho1D"e and the cost per kW is 1332 1UJl (RMB) for the ~ atatioa ud 
2000 JUmn for the 2nd. 




