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S-ty~e tubular turbine has the adva~tages of compact construction, 

convenience in ~aintenance, low investment costs and high effici
ency. ~urthefficre,the diffculties to accommodate a generator in the 

s~all bulb of the runner diameter less than 3 m for the design, 
in::tallation and r.:aintenance can be solved. Therefore, for medium 
and s~all output,S-type tubular turbines are suitable for the deve

la~ ~r.G :04 head tydropo~er energy. A lot of hydraulic research, 
te~tinc ~~rk and Glandard series destgns of prototype units have 

:.c.•en carried out by Tianjin Design and Research Institute of Eiec

~ric ~rive. 

?ollc~inc ~aterials will be discussed in t~e paper: 

l. Fydraulic perfo::-rr.ances for S-type tubular turbine; 
:.:onst::-uct:cnal features; 

3.:t~~dard series of products; 
~.7he application of $-type tubular turbine in Ch~na. 

~urin~ the recent ten years, a lot of low head turbine-generator sets 

have oeer. designed and manufactured for develoring low head hydro
po~er resources which are abundant in China. 
In the ::ame period, some bulb and open-pit turbine-generator sets 

·::-:? rF-: ··u cc e~ = :ul l~· cc::::nissioned. For exar:iple, G0004-~S-300 an o ;:en-

~-1 ~. t;.; ;b: ne - ~er.era tor set with a :-unner ci a::eter of 3 m and capa

city of 250 K; under 1.2 m rated head had been com~issioned in May 
I()'"'• G'7,...,"'3 '''? 550 b lb t b' f l , '.1 1 ... ; ,.d..J - .. - a u ur ine-genera tor s:et o arge size with 
runner rl~~~eter of 5.5 m and capacity of 10 ~T was successfully 

COffimicsioned in July 1984. However, in cas~ of medium and small 

a 

horizontal bulb turbine with runner diameter less than 3 m,the tur

bine has ~ too small diameter of bulb, so that !t is difficult to 

accommodate a gP.nerator in it from the design and maintenance view

point. The tubular turbine has the draft tube in S-shape, therefore~ 
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the r,enerator can be installed outside of waterpassage on the down
stre3m side of the turbine. The problem occurred to bulb turbine 
Titn s~all runner diameter would be solved. Furthermore, S-type 
tubular turbine has the advantages of compact construction,conven
ience in maintenance, minimum civil work, reliable in operation and 
hi&h efficiency, therefore S-type unit used for exploiting low head 
tydro-power resources and rebuilding the old hydro-power stations 
is economically and characteristically better than vertical Kaplan 
turbine .• 

1.ilydraulic performances for S-type tubular turbine: 
s-type tubular turbine is ideal tor low head and large discharge. 
The characteristic of runner as well as the dimensions and configu
ration of the waterpassage wlll determine the hydraulic performances 

I 

of :-ty?e tubular turbine. A l:t of research and testing work on the 
craft tube with different shapes and parameters, wicket gates with 
different numbers and oeveral model runners have been carried out by 
our institute. The model runner GZ006 is possessed of good character
istic and suitable configuration or the waterpassage for S-type tubu
lar turbinP., it ensures a good operating performance of prototype 
unit. 
1.1.The influcence of the draft tube on hydraulic characteristic: . 
Because the generator is installed outside of waterpaesage !or S-type 
tubular turbine, therefore the draft tube is bent in S-shape and the 
tu~bine shaft passes through it.In this case, the hydraulic loss in 
the l&r&e discharge region is increased due to the bending cf draft 
t~~e in S-shape.The kinetic energy at runner exit is very lar~e for 
the runner ~ith high specific speed ror low head, so that efticiency. 
recovering in draft tube is very important. 
S-shaped draft tube consists of three parts: inlet conical tube, ben

ding part and outlet diffuser.The flow in the draft tute is complex. 
~ajor hydraulic loss consists or diffusion, kinetic energy loss at 
outlet as well as the bead loss caused by rotating shaft. 
To make the axial length of the unit as short as possible and to 
havP. a good recoverable efficiency of draft tube, inlet conical tub~ 
with relative length L/01 =1 and conical angle 16.5.are eelected. 

The bending part 13 an important riece constituting the draft tube 
ir. S-shape. To find out a suitable bending tube, two projects A and 
B were designed.Bending tubes are specified by cross sectional shapes 
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at various locations. They ~ave the same round cross section at inlet 
and rectangular cross section at outlet but different shape of cros~ 
sectior.s between inlet and outlet.The change law of cross sections F~ 
alone the geometrical centerline in bending tube for projects A and~ 
Pare shown in Figl. 

The outlet diffuser is a 
horizontal one with rectangular 
cross section. The bottom of 
the diffuser has an inclination 
of 16.5~~hat the diffusion 
effect is caused.The tcp of the 
tube is horizontal and the two 
side walls are parallel to each 
other • 
Both draft tubes in S-shape for 
projects A and B having the 
same inlet conical and outlet 

A 

'.It --·- B 

'· 3 

'.z 
I• I 

! .o 

Li 
0.1 0.2 O.J 0.4 0.5 O.G 0.7 o.e o.~ I.) 

Figt. The change low of cross 

sections F1 for projects A and 
B. 

diffuser, but different shapes of t 

bending tubes have been tested. ·--B ----
The test results are ~hown in Fig2. 98 

The test results stew that the 
efficiency of project A is better 
t~an that of project B by differ-

' ent values unit speed n 1• 

1.2.The influence of the wicket 
gates with different numbere on 
hydaulic characteristic: 

To meet the needs of S-type tubu-
lar turbine with different con-
trol syste~s and to si~plify the 
construction of s~~ll output unit 
as well as to reduce the costs or 

9Z 

Fig2.The r~lation between rela
tive efficiency and unit 

I 

discharde Q1 for projects 
A and B of draft tube. 

production, two projects A and B with different numbers have been 
designed and teste1. A and B projects have same cutlet angles </at 

each cross section.Proje~t A is adjustable, l/t values at each crose 
~ection of the wicket gate are constant and the number or wicket 
gates is 12;project B has fixed gate , l/t=0.8 st outer section and 

l/t=l.2 at innP.r section and the number of wicket gates is only 7. 
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Projects A and B of the w~cket 
gates with coordinative opening 

• a =50 have been tested in S -
tJpe tubular waterpassage. 
The test results are shown in 

Fi;3. As c~n be seen in Fig3, 
the efficiency of project A is 
better than that of proje~t B, 

• in different values of n 1, 

,~ -. f 
•oos 
98 

96 

9• I 
'l I 

92 81 

90 

88 

86 

- project AC ar 5Cf) 

--- project CCar501 

A'/.= 1 -3%. The efficiency of 
project B drops sharply, becau
se of the too small numbers of 
wicket gates which may cause 
unsettled flow between the 
neighbouring wicket gates, so 
that hydraulic losses at runner 
blade inlet edg~ ~re increased. 
Therefore, the project with 
s~all numbers of wicket gate Fig3.The relation between relative 

i~ suitable only for micro or 
2mall turbines,and project with 
bigger numbers of wicket gates is 

efficiency and unit discharge 
• Q1 for projects A_ and B. 

suitable for s-type tubular turbi~e 
with larger runner diameters and larger capacities. 

1.3.c~~parison of four kinds of turbine performances with different 
co~binations of runner blades and wicket gates: 
There are four of s-type tubular turbine according to the different 
combinations of the wicket gates and runner blades: 
Double regulated tubular turbine with adjustable runner blades and 
w:cket gates ; Sin~le regulated tubular turbine with adjustable 
ru~ner blades and fixed wicket gates; Single regulated tubular tur
bine with adjustable wicket gates and !ixed runner blades; Tubular 
turbine with fixed runner blades and wicket gates. 

fhere are cignificant differences in hydraulic perfomance !or the 

four kinds of s-type tubular turbine. They are proved by char~cteri

~ tic test of GZ006 model runner. 

ln Fig4, the solid line shows the double regulated un~t,~he broken 

shows the single runner blad~s regulated unit; The long and short 



- 5 -

cash line shows the single wicket gates regulated unit;Small circle 
sho~s turbine with both runn£r blades and wicket gates are fixed. 
It is worth noting that the runner hub of GZOJ6 is spherical anJ the 
thro~t ring is semi-spherical,under those conditions, all tests 

including the fixed blade propeller were carried out. 
A~ can be seen in Fig4, there are 
differences in the efficiency of 
these turbines except at one 
point. Usually this point is 
close tJ the turbine ratej flow. 
Except for this point,the diffe
rence in performance is significant. 
For double regulated type, exce
llent discharge variation and head 
variation performances are obtained, 
especially by discharge changes, 

the efficiency is apparently higher 
than the single regulated types. 
~owPver, among them, the efficiency 
drop for single wicket gates regu
lated type is heavier in comparison 

~ith the single runner ~egulated 
type, and the discharge variation . 
performance is extremely deteriora
ted. 

2.Constructional features: 

'l' 
91 

.96 

9~too 
98 
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'l. 94-
98~ 

,, 
/ 

/ n;= Id 
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I 
I 

/ 
/ 

n; =190 

zzoo 

Fig4.A comparison of relative 
efficiency with discharge vari_ 

ations of the four kinds of s
type tubular turbine. 

There are four kinds of constructional type as men~ioned above for s
type tubular turbine.The construction of unit with ~ouble regulat~d 
type is more complex than those of single regulated types, therefore 
nuitable type of unit should be selected according to particular 
condition& on the sit~. 

:he principal components of s-type tubular turbine generator set are 
as follov:s: 
Intake closure device. 

!~let section with guide vanes and guide b?aring. 
nistributor.(i! unit is a double regulated type) 
Turbine chaft with runner. 

:ontrol unit. 



- 6 -

5peed increaser and generator. 
Major features of s-type tubular turbine with adjustable runner 

blades and fixed wicket gates~designed by our institute will be 
discussed in this chapter: 

Intake closure device: 
The intake closure divice provides tight shut-off of the ~aterpassage, 
while the unit is shutdown. In addition, it must be able to provide 
for emergency shutdown in event of loss of load or any other malfun
ction. The intake closure device and its operating mechanism ~ust 

ther~fore be carefully selected and designed to meet the necessary 
ope:·ating conditions. According to the runner diameters and output, 
~utterfly valve or high-speed gate may be chosen. 

?here are two types of construction for adjustable runner blades: 
2.i. The inlet section including guide vanes is a welded construc
tion of steel.The vanes which are welded in position, also support 
the upstreara bearing located within a water-tight housing.The bea
ring is oil-lubricated,and a device of waterproof seal is located 
at do~nstream side of the guide bearing in the bulb. Lubricating 
oil supply and drain pipes for the guide bearing pass through inside 
cavity of the vanes which are shaped for optimum hydraulic perfor-
mance. 

~he turbine throat ring is a fabricated steel exter.sion of the vaned 
intake,it is connected to inlet section by a flange j~int.The draft 
tube having a hydraulically favourable configuration with smocth 

~end~ is of high energy recovery.Stiffening ribs are provided to 
rnini~ize distortion and vibration. The top portions of both draft 
tube and tt~oat ring are removable for access and removal of the 
runner ar.d shaft. The lower portion of draft tube is concreted into 
the bedding. The shaft packing box with an adjustable gland is moufi
ted on the draft tube elbow and conventional woven square packing is 
used. 

The adjuctable blade operating mech&nism consists or steel levers 
3ttacked to the blade trunnions. The levers are connected by links 
to the crosshead which interlocks all blades at same angle. It is 

positioned by the blade operating rod wnich extends through the 

tu~bine shaft to a hydraulic blade positioner located on the outbo
ard Gide of the speed increaser. The runner hub linkage and blade 

trunnions are supDorted on bronze bushiug which are lubricated by oil 
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fr~~ within the hub. 
A ~haft exter.sion is provided from the runner hub into the upstrea~ 
bearing in the bulb and another extension is used in conjuncticn ~ith 

the cutbcard combination guide and thrust bearing. The.se bearings 

carry all mechanical and hydraulic loads imposed by the turbine. 

The hydraulic blade positioner consists of a pivot mounted hydraulic 

cylinder and some levers.The cylinder is controlled by either a 
speed frequency governor, load controller, or a head water level 
sensing control. 

For hydraulic power stations with low head, to reduce costs a stan
dard type high-speed generator is employed.A speed inci·easer is loca.;. 
ted between the turbine shaft and generator to provide a suitable 
step-up ratio from the rated turbine speed to the generator speed. 
The speed increaser will contain the turbine downstream guide and 

thrust bearing. 
The generator may be either of the synchronous or induction type 

depending upon relative economics and system limitations. 

2.2. Main features of another construction with adjustable 
blades are as follows: 

runner 

The runner blade servomotor, oil supnly head and the upstream guide 

bearing are located in the bulb. Lubricating oil supply and drain 
Pipes for the oil supply head and guide bearing pass through the 
inside cavity of the vanes. The hydra~lic blade positioner is repla
ced by the runner blade servomotor located in the bulb. 
A snaft extension is prc\ided in the upstream bearing, one enc of 

Fig5. Cross section of s-type tubular turbine. 
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shaft is connected with oil supply head and another end is con~ected 
with servo~otcr cylinder cap. The oil supply and drain pipes for the 
runner blade servomotor pass through the shaft hole. The lever 

of servomotor piston is connected to the crosshead which interl0=ks 

all blades at the same angle via steel links. Another sh~ft is a 

seamless tubing ~hich extends through tte draft tube and is used in 

conjunction with the outboard combination guide and thrust bearing. 
Other constructions are as mentioned above. 

r.rosn section of s-type tubular turbine is shown in Fig5. 

3. Standard series of products: 
Standardized hydroelectric units of s-type tubular turbine can reduce 

the power plant and equipment costs. Standard series of products are 
adoptable for upgrading the old existing low head plants, for makin,·-· 

previously uneconorr;ic sites attractive and also for new power instal

lations. ?ulb turbines have good efficiency and large discharge. For 

bulb turbine-generator sets with large capacity, there isrft. any di f fi·· 
cult to acommodate a generator in the bulb, therefore better economic 

benefit could be obtained if.bulb units were adopted. 
~e consider that it is available to adopt bulb unit when runner dia

meter is greater than 3 m; However, when runr.er diameter is less than 
3m, for medium and small output, S-type tubular turbines with the 

generator installed outside of waterpassage are the ideal type. 

S-type tub~lar turbine are suitable for: 
Head·: H=2-15m, Flow: Q= O. 5-60 m3 /sec, Output: N =55-5p00 kw. 

~leven standard turbine sizes with runner diameter ranging from 800 

o~ to 3000 mm,provide generator outputs from 55 kw to ~,JOO kw under 

2-15mhead. 
The standard sizes in diameter are as follows: 

300, lJOO, 1200, 1400, 1600, 1800, 2000 mm (~scending in 

200 :nm stages) 
2250, 2500, 2750, 3000 mm.(ascending in 250 mm stages) 

According to conditions on the site, one o! them can be selected. 
Tr tr.e turbine discharge is mainly conntant,the turbine can be very 

simplified and costs be reduced~by using fixed position runner blades. 
'Nhere now control is necessary such as at run-o !-the river install a

t ions or where it is economically justified by added kilowatt hour 

output, adjustable runner blades provide a wide range or good 
0 '"f'i l"'tency. 
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When n~600 rpm, (n: !:peed of turbine ) the turbine is direct conne
cted with tne generator; 

~\'hen n < 600 rpm, a speed increaser is used • 

. ';her. H~i 1 m, runner with 5 blades; 
'Nher. r~ <: 1 i m, runner with 4 blades. 

To simplify the maintenance, the elevation of erection of the turbine 
should have positive values • When head H-:.10 m, model cavitation 
coefficient of runner should be to ensure Hs a positive value; ~hen 

head !!::>10 m, H may have a negative value, but at best not lower 
6 

thar. - 2 m. In this case, the draft tube gate is provided at outlet 
of the draft tube • 

~ain dimensions of standard tubular turbine are shown in Fig6. 

Main dimensions of Tubular turbine 

: . : I 
..... 0 . 

u 
~ .,,_ .. : .. . . . . . .. .. 

i--~-A~~-+-~~~~~~~~~~~~~~·~·· .•:--..v 

1--~-·~o~,~~~A~-+-~-e~-+-~c~--t~-D~--t~-E~-r~-G~~~ 
1000 1800 5900 . 1520 2110 1060 1400 ~ 

Note F min ;;;t 300 mm 

Fig6. Main d~~ensions of standard tubular turbine. 

~p~!ication diagra~ for standard tubular turbine is shown in Fig?. 
Exs~~le sho~s ho~ application diagram can be utilized. According to 

conditions on the cite, determine the net head and unit !low: For 
exarn~le: Ii= 8 rr., Q =20 m3 /sec, according to ap-r,lica ti on diagram, for 
a head of 8 m and unit flow of 20 m3/sec, the turbine runner dia~etcr 
~ill b~ D1 = 1800 mm. Also from application diagram, wa !ind the 

power developed at turbine shaft by linear interpolation bet~een the 

power curvec; ~e thus obtain a rating of 1200 kw for the turbine 
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·-having the selected 1800 mm runner dia~eter. 

4. The application of S-type 
tubular turbine in China: 

In rec~nt years~ reseo~ch work 
of s-type tubular turbine, in 

scope of medium and s~all capa

cities, is crowned ~ith success, 
and some s-type turbines with 
small capacities have been desi

gned and manufactur~d. S-type 
tubular turbines have been gra

dually replacing the traditional 
vertical shaft axial turbines 
for small capacities. 
For exarr.ple; 

G9560-~'!Z-60 and GDJ03-·;;z-80 had 
already been commissioned. 

cn560~-z-60 ~ith a runner dia
meter of 0.6 m ·and capacity 

~: =55-220 kw under H =8-14 m 

is a S-type tubular turbine

cenerator set with single wicket 

gates reg~lation. 
:;zoo3-·r:z-RO with a ru~ner dia-
met"er of 0.8 r.i and capacity 
K =128 kw under H= 6 m is a s
type tubular turbine-generator 
set ~ith single runner regulation. 

u 30 ~6.,.t.):~~~~)l.~~~*'Ft 
CD 
(I) 

......... 

"'a 20 

-

18 l~~i~~i~~i~ill Cl" 16 

:: 14 bo-111~-e.r"-~~~~~:+"''k-+-FT+t 
; 12 ~~~~~.,<i:.'Q..µ-6-AIJ;=t;.++~ 
~ 1 0 tf'"--"oc__,~--t-1:----........... :t--'h'.t~:t-t""r'H 
t!l 9 

or. 
Cl 

7 
6~~~~~~~~~~~ 

5 

4 

3 

3 4 5 6789 ti 1315 

Net head H(!t) 

Fig7. GZ-,\'Z series tubular turbi:.e 

ap~lic&tion diagram. 

riooo3-·.·:z-200 of S-type tubular turbine with a runner diameter of 2 ??: 

and capacity N =1250 kw under H =7 m installed in the AI BA power 

station had been put into commission in 1986. Prototype G0003-'.':'.'"-2CJ 

is shown in Fig8. 
Throueh adopting S-tyre tubular turbine,obvious economical benefits 
have been obtained in the AI BA power station. 
Main data in the AI BA power station: 

Rated heod: H = ?.16 m. 
Pated flow: Q = 52 m3/sec. 

Inctalled capr.city: fl = 4 X1250 kw 
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Punner diameter: D
1 

= 2 m. 
Speed of turbine: n =187.5 rpm. 
Speed increaser: speed rati·o i= 1/4 
Cor...parisons between GD-.':Z-200 

anc vertical shaft Kapla~ turbine 

ZD760-LP-200 were made for AI 

• 

.. 
B~ power station. 
s-type tubular turbine has a 

higher efficiency and larger 
discharge than that of verti~a~ 

shaft K_:plan. \~hen $-type tubular 

turbine is installed the annual 
energy prr ~uction will increase by 

····------
i 

Fig8. Prototype GD003-WZ-200 unit 

;>. 35 r-r-:.:·::P.; Cost i:c:aving of main equipments will be app:-oxilliately 
E6cpoo y:;;,:: ( R: :P); The total investment costz of the civil \'.ork and 

power house have a saving by 20%. 
The model runner GZ006 of S-type tubular turbine is a new outco~e 

obtained by our institute recently. GZ006 has a good efficiency and 
cuv~tation perfcr~ance. It has been applied to the standard series 

o: products of S-type tubular turbine. For example: S-type standard 

t~rbine r,enerator units of GZ006-~Z-t80, GZ006-WZ-t60 and GZ006-WZ
l40 are being manufactured. Units or GZ~06-WZ-tl0 for YU QI~O powar 

station will be commissioned at the end of 1987. 
C~m ;iari.son.z be tweer, GZ006-WZ-180 and vertical shaft Kaplan ZD560-Lz.i-
18~ were made for YU ~IAO power station • 

... hen. GZ006-'.\'Z-t.SO is selected , the annual energy produ:tion Yiill 

i~crea~e by 14.7%; Saving of c~ncrete estimated by 2~%. 

Seriefi of ~-type tubular turbine containing l1 standard turbine desi
cns ~ith runner diameter ranging from 800 mm to 3000 mm can be 
delive~ed to custo~ens at home and abroad. 
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