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ABSTEACT:
S-tyce tubular turbine has the advantages of compact construction,
convenience in maintenance, low investment costs and high effici-
ency. “urthemcre,the diffculties to accommodate a generator in the
smzll bult of the runner diameter less than 3 m for the design,
in::tallation and maintenance can be solved. Therefore, for medium
and srmall output,S-type tubular turbines are suitable for the deye-
loring Zow head hydrovower energy. A lot of hydraulic research,
texztings w-orik and standard series designs of prototype units nave
.een carried out by Tianjin Design and Research Institute of Eiec-
ic Trive.

cning meterials will be discussed in the paper:
1.%vdraulic performances for S-type tubular turbine;
C.Zonstructional features;

:ndaré seriec of products;

4.The apulication of S-type tubular turbine in China.

INTECDIITICON

“urins the recent ten years, a lot of low head turbine-generator sets
have been designed and manufactured for develoring low head hydro-
power resources which are abundant in China.

In the rame period, come bulb and open-pit turtine-generator sets

wore ”ucceésfully commissioned., For example, GDOO4-WS3-300 an ocen-
pis turbine = tenerator set with a runner diazeter of 3 m and capa-
citv of 250 K~ under 1.2 m rated head had been commissioned 1in May
1974;,G2033-"P=550 a bulb turbine-generator set of large size with a
runner diareter of 5.5 m and capacity of 10 MV was successfully

cormicsioned in July 1984, However, in cas: of medium and small
norizontal bulb turbine with runner diameter less than 3 m,the tur-
bine has 2 too small diameter of bulb, so that it is difficult to
ccommocate a generator in it from the design and maintenance view-
point. The tubular turbine has the draft tube in S-shape, therefore,




thke generator can be installed outside of waterpassage on the down-
stream side of the turbine. The problem occurred tc bulb turbine
%iin small 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
hizh efficiency, therefore S-type unit used for exploiting low head
Lhydro-rower resources and rebuilding the old hydro-power stations
{s economically and characteristically better than vertical Kaplan

turbine,

1.ilydraulic performances for S-type tubular turbine:

S-type tubular turbine is ideal for low head and large discharge.

The characteristic of runner as well as the dimensions and configu-
ration of the waterpassage will determine the hydraulic performances
of "-type tubular turbine, A 1t of research and testing work on the
cdraft tube with different shapes and parameters, yicket gates with
different numbers and ceveral model runners have been carried out by
our institute. The model runner GZ0O06 is possessed of good character-
istic and suitable configuration of the waterpassage for S-type tubu-
lar turbine, it ensures a good operating performance of prototype
unit,

1.1.The influcence of the draft tube on hydraulic characteristic:
Because the genérator is installed outside of waterpassage for 5-type
tubular turbine, therefore the draft tube is bent ip S-shape and the
turbine shaft passes through it.In this case, the hydraulic loss in
the large discharge region is increased due to the bending cf draft
tube in S-shape.The kinetic energy at runner exit is very large for
the runner with high specific speed for low head, so that efficiency.,
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.
Y¥ajor hydraulic loss consists of diffusion, kinetic energy loss at
outlet as well as the head loss caused by rotating shaft.

To make the axial length of the unit as short as possible and to

have a good recoverable efficiency of draft tube, inlet conical tube
with relative length L/Dl =1 and conical angle 16.5 are celected.

The bending part is an important piece 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 have the same rournd cross section at inlet
and rectangular cross section at outlet but different shape of cross
Sectiorns between inlet and outlet,The change law of cross cections F.
alongs the geometrical centerline in bending tube for projects A anc‘
P are shown in Figi.

Fi/K

Tke outlet diffuser is a —— B
korizontal one with rectangular ar e
cross section. The bottom of w30 //’d— \\\
the diffuser has an inclination ek / ) ~f>
of 16.5,%hat the diffusion . "f/ -
effect is caused.The tcp of the ‘.0
tube is horizontal and the two
side walls are parallel to each
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Both draft tubes in S-shape for Figi. The change low of cross
projects A and B having the sections F. for projects A and
same inlet conical and outlet B. .

diffuser, but different shapes of
bending tubes have been tested. '
The test results are chown in Fig2. 95
The test results slow that the 96’
efficiency of project A is better é;,

re

than that of project B by differ- ;2 o
' -
ent values unit speed n,.
ot
1,2.The influence of the wicket
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gates with different numbere on
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To meet the needs of S-type tubu-
lar turbine with different con-
trol systems and to simplify the
construction of smzll output unit
as well as to recuce the costs of
production, two projects A and B with different numbers have teen
designed and testei. A and B projects have same cutlet angles @ at
each cross section.Project A is adjustable, 1/t values at each cross
section of the wicket gate are constant and the number of wicket
gates is 12;project B has fixed gate , 1/t=0.8 st outer section and

1/t=1.2 at inner section and the number of wicket gates is omly 7.

Fig2.The r.lation between rela-
tive efficiency and unit
discharde Q; for projects
A and B of draft tube,




Projects A and B of the wicket ‘%

gates with coordinative opening 1008y — protect A(az50)
a2 =50° have been tested in S - 98 ¢+ -== project Claz50)
tzpe tubular waterpassage. 96 |

The test results are shown in %l v

Fi~3. As can be seen in Fig3, o2 *9%:(

the efficiency of project A is

better than that of project B, 98

in different values of n;, *r

AlZ:l~3%.The efficiency of 7 92 t+

project B drops sharply,becau- 96% 90 |

se of the too small numbers of g F88 }

wicket gates which may cause o2 b L

unsettled flow between the

neighbouring wicket gates, so wr

that hydraulic losses at runner 68 r

blade inlet edge are increased. 86

800 2030 2390

Tnerefore, the prbject with

small numbers of wicket gate Fig3.The relation between relative
ic suitable only for micro or efficiency and unit discharge
small turbines,and project with Q, for projects A and B.

digger numbers of wicket gates is suitablé for S-type_tubular turbire
with larger runner diameters and larger capacities.

1.3.Ccmparison of four kinds of turbine performances with differert
comtinations 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
wicket gates ; Single regulated tubular turbine with adjustable
runner blades and fixed wicket gates; Single regulated tubulsr tur-
dine with adjustable wicket gates and fixed runner blades; Tubular
turbine with fixed runner blades and wicket gates.

There are significant differences in hydraulic perfomance for the
four kinds of S-type tubular turbine., They are proved by characteri-
ctic test of G2006 model runner.

In Figlh, the solid line shows the double regulated unit,The broken
shows the single runner blad2s regulated unit; The long and short




cash line shows the single wicket gates regulated unit;Small circle
showxs turbine with both runner blades and wicket gates are fixed.

Tt is worth noting that the runner hub of G2036 is spherical and the
throat ring is semi-spherical,under those conditions, all tests
including the fixed blade propeller were carried out,

Ac can be seen in Figh, there are
differences in the efficiency of
these turbines except at one

point. Usually this point 1is

close t> the turbine rated flow,
Except for this point,the diffe-
rence in performance is significant,
For double regulated type, exce-
llent discharge variation and head
variation performznces are obtained,
especially by discharge changes,

the efficiency is apparently higher % - N

\
tran the single regulated types., 92 ’ n}=190 / ‘(\
However, among them, the efficiency % } / \\\ N
érop for single wicket gates regu- * 10",0 * 14&, 800 2200
lzted type is heavier in comparison
with the single runner regulated Figh.A comparison of relative
type, and the discharge variation .. efficiency with discharge vari.
performance is extremely deteriora- ations of the four kinds of S-

ted, type tubular turbine,

2.Constructional features:

Tnere are four kinds of constructional type as mentioned above for S-
type tubular turbine.The construction of unit with double regulated
type is more complex than those of single regulated types, therefore
cuitable type of unit should be selected according to particular
conditions on the sit.. |

The principal components of S-type tubular turbine generator set are
as follows:

Intake closure device,

Inlet section with guide vanes and guide bzaring.

NMistributor.(if unit is a double regulated type)

Turbine shaft with runner,

control unit.




5peed increaser and generator,
Major features of S-type tubular turbine with ac justable 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 waterpassage,
while the urit 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 must
therefore be carefully selected and designed to meet the necessary
operating conditions. According to the runner diameters and output,
butterfly valve or high-speed gate may be chosen.

“here are two types of construction for adjustable runner blades:
2.1, The inlet section including guide vanes is & welded construc-
tion of steel.The vanes which are welded in position, also support
the upstrean bearing located within a water-tight bousing.The tea-
ring is oil-lubricated,and a device of waterproof seal is located
at downstream side of the guide bearing in the bulb, Lubricating

0il supply and drain pipes for the guide bearing pass through inside
Cavity of the vanes which are shaped for pptimum hydraulic perfor-
mance,

The turbine throat ring is a fabricated sieel extersion of the vaned
intake,it is connected to inlet section by a flange joint.The draft
tube havirg & hydraulically favourable configuration with smoctn
Lends is of high energy recovery.Stiffening ribs are provided to
minimize distortion and vibration, The tcp portions of both draft
tube and throat ring are removable for access and removal of the
runner ard shaft, The lower portion of draft tube 1s concreted into
the bedcding. The shaft packing box with an adjustable gland is moun-
ted on the draft tube elbow ard conventional woven scuare packing is
used,

The adjuctable blade operating mechanism consists of steel levers
attacked to the blade trunnions., The levers are connected by lirnks
to the crosshead which interlocks all blades at sgame angle, It is

positioned by the blade operating rod wnich extends through the
turbine shaft to a hydraulic blade positioner located on the outbo-
ard side of the speed increaser. The runner hub linkage and blade

trunnions azre supvorted on bronze bushiug which are lubricated by oil




from within the hub,

A chaft extension is provided from the runner hub into the upstream
bearing in the bulb and another extension is used in conjunciich with
ti.e cutbcard combination guide and thrust bearing. These bearings
carry all mechanical and hydraulic loads imposed by the turbine.

The hydraulic blade positioner consists of a pivot mounted hydraulic
cvlinder and some levers.The cylinder is coantrolled by either a

speed frequency governor, load controller, or a head water level
sensing control.

For hycdéraulic power stations with low head, to reduce costs a stan-
dard type high-speed generator is employed.A speed increaser is locas
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 runner
blades are as follows:

The runner blade servomotor, oil suprly head and the upstream guide
bearing are located in the bulb. Lubricating o0il supply and drain
Cipes for the oil supply head and guide bearing pass through the
inside cavity of the vanes. The hydraulic blade positioner is repla-
ced by the runner blade servomotor located in the bulb.

& shaft extension is provided in the upstream bearing, one enc ¢f

T

—

*ig5. Cross section of S-type tubular turbine,




shaft is connected with 0il supply head and another end is corrected
with servomoter cylinder cap. The o0il supply and drain pipes for the
runner blade servomotor pass through the shaft hole. The lever
of cervcmotor piston is connected to the crosshead which interlocks
all blades at the same angle via steel links. Another shaft is a
seamless tubing which extends through thke draft tube and is used in
conjunction with the outboard combination guide and thrust bearing.
Other constructions are as mentioned above,

fross section of S-type tubular turbine is shown in Figb.

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 uneconomic sites attractive and also for new power instal-
lations. Pulb turbines have good efficiency and large discharge. For
bulb turbine-generator sets with large capacity,there ism® any diffi..
cult to acommodate a generator in the bulb, therefore better economic
benefit could be obtainec 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 runrer 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 tubular turbine are suitable for:
Head:H=2 ~15m, Flow: Q= 0.5~60 m3/sec, Qutput: N =55~ 5000 kw.
Zleven standard turbine sizes with runner diameter ranging from 800
nm to 3000 mm,provide generator outputs from 55 kw to 5000 kw under
2~15 m head.
The standurd sizes in diameter are as follows:

300, 1900, 1290, 1400, 1600, 1800, 2000 mm (ascending 1in

200 m»m stages)

2250, 2500, 2750, 3000 mm,(ascending in 250 mm stages)
According to conditions on the site, one of them can be selected.
Tf tre turbine discharge is mainly constant,the turbine can be very

simplified and costs be reduced by using fixed position runner blades.
Nrere flow control is necessary such as at run-of-the river installa-
tions or where it is economically justified by added kilowatt hour
output, adjustable runmner blades provide a wide range of good

effiriency.




¥hen n>600 rpm, {n: Speed of turbine ) the turbine is direct conne-
Cted with tne generator;

Yhen n< 600 rpm, a speed increaser is used.

Sher. HE>11 m, runner with 5 blades;

¥nher H<<1! 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, Hs may have a negative value, but at best not lower
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 Figé.

Main dimensions of Tubular turbine

.

i °{_ ' : — o
i ' m' FEFSDE D astay S Hw
L 1 _ ) | 2 -'_"'.'..'- '-"'~'.";1 ot

LR " e o'.:i.:"'-.-'. £
AN wl g
. . L) :. — ‘l-)
A ) .8 T * o:_'_y
. Dy A B c 0 3 6
1000 1800 5900 1520 2110 1060 1400

Note F min 2300 mm

igh. Mair dirmencions of standard tubular turbine.

apcvlication diagrar {or standard tubular turbine is shown in Fig?.
Exzmple shows how application diagram car be utilized. According to
conditions on the cite, determine the net head and unit flow: For
example: k= 8 m, Q =20 m3/sec, according to apclication diagram, for
& head of 8 m and unit flow of 20 m3/sec, the turbine runner diameter
will be D, = 1800 mm. Also from application diagram, we find the
rower developed at turbine shaft by linear interpolation between the
power curvec; Ve thuc obtain a rating of 1200 kw for the turbine
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¥
having the selected 1800 mm runner diameter.

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

p)

[N

In recent years. research work S SIS TITXTS T 1T
years, research vor e S eSS
of 5-type tubular turbine, in NSNS TN N ST
£ odi d small L}C ~h S A CHAANE,
scope of medium and small capa- NP SR AN '
cities,is crowned with success, oS30 B EZ ) |
and some S-type turbines with g >(>¢2
small capacities have been desi- n:‘zo \,>< P ﬁ N |
[ ] A X S A%
gnecd and manufactured, S-type w18 'V\,l S S
- 16 =P egg
tubular turbines have been gra- © 14 PSSP Y =
[ . d .|
dually replacing the traditional 512 Bl NEa
vertical shaft axial turbines ‘510 4)(\{N S, o
for small capacities, =9 ld Ag><‘l\
- a | /\ \ *\ \\ D,
For example: 7 ~\4>K21A? TN N
GN560-7'2-60 and GDO03-%2-80 had TSN N
already been commissioned. 5 :x;*< a NN
£N560-"2-60 with a runner dia- 4 ’\%8 STOZIN TR
. _ S EB N e N
meter of 0.6 m and capacity 3 _Eg‘g» < YRR
y !
M =55~-220 kv under H =8~14 m Ky ><\ '\\ R \L
. h
is a 5-type tubular turbine- > AN NIV ING
cenerator set with single wicket Z 3 4 5 6789 1u B15
gates regulation, Net head H(z)
52003-%2-80 with a runner dia-
meter of 0.8 m and capacity Fig?7. G2-%7 series tubular turbine
N =128 kw under H= 6 m is a S- application diagram.

type tubular turbine-generator

cet vith single runner regulation.

6D0J33-"2-200 of S-type tubular turbine with a rumner diameter of 2 =
and capacity N =1250 kw under H =7 m installecd in the AI BA power
station ha< been put into commission in 1986. Prototype GD0OO3-%r-2GJ
i~ shown in Fig$8.

Through adovting S-type tubular turbine,obvious economical benefits
have been obtained in the AJ BA power station,

Main data in the Al BA power station:
Rated head: 5 = 7,16 m.
Pated flow: § = 52 m3/sec.
Inctalled capscity: N = 4 X1250 kw
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Punner diameter: D‘ =2 m,
Speed of turbine: n =187.5 rpm.

Speed increaser: speed ratio i=1/4
Conparisons between GD-22-200

and vertical shaft Kaplan turbine
ZR750-LI1-200 were made for AI

BA power station.

S-type tubular turbine has a
higher efficiency and larger

discharge than that of vertical
shaft K«_Zplan'- When S-type tubular  Fig8. Prototype GDOO3-WZ-200 unit
turbine is installed the annual

energy pr¢ ‘uction will increase by

.25 MVE; Cost saving of main equipments will be approximateiy
€£CPO0 YUAL{RF); The total investment costs of the civil vwork and
vower house have a saving by 20%.

The model runner GZC06 of S-type tubular turbine is a new outcore
ottained by our institute recently. G2006 has a good efficiency and
cav_tation perfcrmance. It has been applied to the standard series
of products of S-type tubular turbine., For example: S-type standard
tirbire generator units of GZ006-%2-180, GZ2006-WZ-160 and GZ006-WZ-
1.0 zre being manufactured, Units of GZJ006-WZ-1£0 for YU QIAO power
station will be commissioned at the end of 1987.

Comparisons between GZ006-WZ2-180 and vertical shaft Kaplan ZD540-L3-
180 were made for YU 21A0 power station. .

"hen GZ005-%1Z2-180 is selected ,the annual energy production will
ircrezse by 14.7%; Saving of concrete estimated by 24%,

Series of 5-type tubular turbine containing 11 standard turbine desi-
gns with runner diameter ranging from 800 mm to 3000 mm can be
deliverec to customens at home and abroad,
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