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PURPOSE OF STUDIES

The gonarating units proposed for mullatim in the power o
plants at the Grand Soules Dam will be the largest ever conatructed. |
At the point of best ufﬁcioncy the turbines will have an output of
150,000 horaepawer when operating under a head of 335 feet, and t-ho
generatora, which wili be di.ract-connacud w:l],l be rated at 130,
kilovolt-amperss. Hine of thess units are to be installsd in esch
_ of the two powerhousss. It is not unusual for lsrao gomrating '
“units to convert 97 pereent of the mch.mical energy 1nput. into
oloctrical onargy Mput; but tor 2 turbine to cmrt as nuch as ‘
93 percant of the hydnuue energy input into ‘mechanical emrg '

| f-; ) ontput is oona:l.demd better tm average . In the ease of tho ymv— ,

_ators, the high efficiencies bave been cbtained by 1nolat1ng oach
source of energy loss and tbudy.’ms each. aeparamu ‘the same pvo- L

eodure should give similer results in the case of hydreulic turbms.;f_\ i

- :_mxn t.his in vicw it waa propoaed to atudy t.he hydraulics of tho

' rouc-ing featurau in the erd.nr mmd:

e Draft tubes
2. Speed ring
3, Scroll ease . |
e -Penstock gates




toAs

5 Bnmh in ponatoeke mu- .mtmco
‘ h seroll Caoe,

‘In t.he case of tm draft tubu partiemrl.y, a.'& ths noml
'opernt:lng heed ef 335 foet and diuchu-go of 4,500 gubic fcot. per
~ second per turbine at Grand couloo, thare will be. & valocity hoad ‘
of 8.17 fest available for conversion to atatic hoad after deduct-
. ing the exit losces of the draft tube. This hoad of 8.17 feet
'mproaantu 2.44, porcmt. of the total norwmal hud at Grand Coules,
‘nmi it 1s possible for the draft tubs te effect the mtput of the
pliit approximetely to t.hia extent. Fr:lctioml and addy lossen
- make 1t imposeible to fully recover the snergy availsble, but the
draft tube still remains an important factor even under the head
cxla_ting &t Grand Coules. '
PROGRESS OF STUDIES
While it may have been more logical to atudy thou !uturoa
of design in the reverse order, in this case it was necepsary to
expedite the laboratory work since the contractor was already on
the job and information kad to be obtainad as to ths size and shape
of the draft tube. Ascordingly, the . hydraulics of the drart tube
were atudied first, Two spproaches were smployrd in thoge studies,
(1) models of the draft tube to & scale of 1:62, and (2) a model
of the scroll cass, turbim and draft tube aasonbly to a scale of

1:2k. _
‘ Whlle design and cmtmctien of the two types of models were

at.amd nimultamonaly, due to the intricacy of the 1:24 model,
the conﬁtruction required conai.derably longer tire guch that the |
‘ studiea on the 1:62 model are ncrw practically oomplot.od while the
-utudiea on the 1'21. redel are only appro:d.mta]y 35 psrcent compluted.
. It is the purpose of this report to describe 'I‘.hs progress st
| :thia time on both models. ‘

DESCRIPTION OF TURBINE H@BL
The mdol of the turb!.m assenbly conuist-ad or a penstock,

| _"'scroll caae, and dra.tt tube cona tructed of pyralin preseed into




nhapc from roctangulnr shests one-tanth inch thiek. The tnrbino J
 runnor was cast in ons pioco from a bearing metal known ae ”Govnrn-
mant Genuine” babbit. The 1n1et vane diameter wae 7.7 inches and
the outlet dimmeter was 6.5 inches. The height of the inlet was

1.6 inches and the penstock had an inside diamster of 8.25 inches,
The runner was deaigned fer a spocific speed of 34.4 and a theoreti- -
‘cal velocity-peripheral speed ratio of O.7. The movable gate vanee
end the spesd rings were caat from the same material as the runnar.
The turbine shaft was connected directly through a fldxiblq conpl-‘
ing and a'changa gear box to a 3-horsepowsr, 3-phase, 220-volt
motor, which had been converted into a aynchrorcus motor for use

a2 a constant-speed dynamomster. This dynandn@tsf;wna suspanded
on ball bearings in such & menner as to rotate freely. The torque
exerted on the dynamometer by the turbine was transmitted to a

‘ dclicataly balanced scale beam whera 1ta valus wea accurataly deter-
mined by a system of mowvable uqighta. :

The penstock of the model wes connected to s Pressure tank
three feet in dismeter and seven fest high. The head on the turbine
was messured by & mercury U tube, one leg of which was connsctad to
the penstock at the entrancs to the acroll-cese and the other to
the tailwater flume, The effective head scting oa the turbine was
- in that mannar meagured directly. - ;
. Both models were nnpplied with water by an oight-inch singls-
~ sucticn cantrifugal pusp with a capacity of four cubic feet per
second at a head of 25 feet. The water snters the model pcnatack :
'through a bell-mouth entrance and flows through the turb.ae into
the tailwater flums, The wnter is meesured over a sharp-creatod

suppressed weir with a length of 2 feet aa it returna to the pump

sump for recirculation, .

‘ TEST PROGRAM ON TURBIHE MODEL
The proposed program of tests on the 1:2i medel include the

individual study of each of the items outlined in paragraph 1.




The atudies ot the dratt tube are to includs nfficioncy
tests of the type of draft tubea actually inatallmd in the powur-
~ houses at the Norris and lLower Thllaaaeo Dams and of the draft
tabe proposed for installation in the Grand Coulss Fowerhouses.
‘The praasnt deaign of the Grand Coules draft tubee hag bean
developed in the series of studiss of the 1: :62 model. A detailed
description of these tostn is included in this rtport. At thia tina -
~ the teats of the Norris typa of draft tubo have boen completed and
~ the date are belng complled and analyzed= the model of tha dratt
tubs for Grend Coulee 1s being constructed and will be ready for
operation in about three wesks; and the designa for the model of
the lower Tallassss type are being prepared, |

 DESCRIPTION OF DRAPT TUBE MODEL
At the time these tests were lnstigated, the cuntractor was

resdy to proceed nith the censtruction of the aubatructnrua ct ‘the
two powerhouses so that thers was urgent need for‘suffieiont infor-
pation as to the space required for futurejdraft tudss as well es
a detailed design for such draft tubes as were to be included in

thé initia) comstruction., Since so much time was required for thd.
design 'and construction of the model turbine with all its appurten-
ances as tc delay this detailed design, resocrt was mads to the use '
of modela of draft . tubes carvad from wood to ezpadito the studies.
The first of thess studies were made utilizing the tailwater flume |
. for the 1:2, model, but after the 1nitial information was secured
and it became necessary to use this tailwster fluse for the turbine
_model, a second fluwe was erected for additional teata on the 1:62
draft tube models. Both flma are shown on rigure 1. -

' The turbine model teilwater flume was fitted with & wooden
orifice as shown in figure Z‘and was used in the teat otﬂgodqle .

1 to 6 with all the varistions in design. Models 6 to 12 with all :
the veristions were tested in the second flume 1n'uhich both the

wooden orifice and e duplicate of it in brass were used for purposes

‘ .




of cbmpariaon. Soms additicnsl tests on models'l to 6 were made
in the second flume. All of the models were constructed of wood,
ag ghown on Plate 7, with the oxception of models 8 snd 9 which 2 _
were made of galvanized :.rone A1l tests were made with one of the
- ven? rings and the arown phtg, a8 mhown in’ rigura 2; in placa i -
above ths or:i_f:!.cu. ‘ ‘ :
These vane rings were made of galva.nh.od iron and. wore umd .
to induce spiral flow in the throat of the models. Tnis wes done L
to simulate the various conditions of flow existing in & dmft t.ube
over the entire operating rmga of a turbloe. Five vane ring
assemblies were constructed as naarly similar &8s posaible with the
‘exception that the vanes in the first were S(Bt at O°, the second
at 7.5°, the third at 15°, the fourth at 30° and the £ifth at 45\.--‘
All anglea of nacusait-y being t.urned on the. mm gre in all L0388~ .
blies. All of these vane rings, including tha radial, or 0 vane ,-' _
wore used in teasting the per!'ormance of the mmdeln. |
TEST PRCCEDURE ON DRAFT TUEE HDDELS )
Approximately 800 tosts bave been made cm the 12 models ot
draft tubes, most of whicr ware altered 1n varimas weye to fom 25 '
distinct designa. The modala had a 3-inch dmmetar t.hroat, snci
 were of both elbow and at.raight conical type. ’x',ha comparative : o
performance of the mndaln is based on the extemd hoad neceaury .
 to produce a glvendischarge through the tube. Tho head ia taken |
as the differenca in elevation bet.men the headwater and t.ailwa%r.‘ -
The dinche.rge was measured hy the shsrp-creabed snppx-easad we:l.r.
The assumptlon 1c made t.hat as the ext.emal head dwmses, the
losses due to all ceuses decrease, and the etﬁchncy of the t.ubo

"as a head regainer increases, |

A set of data conaists of 8 series or five readings, takea
: st intervals of thirty gsconds, on the headwator and milwator mo-
| mtcr, nd on the book gags mesauring the head wor the ah&rp-craeted




weir. Mean valuse of these readir:gs were used ﬁovdetg‘rmin,e the
head on the model, and the head on the weir. The dilbhargs'waa
computed by the Francis formula, Q ® 3.33 1 32, , corralhtioh |
of the sharp-crested weir with & V-notch welr indica.t.ad that t.he
computed discharges ars approximtaly two percent dower than thouu
of the V-motch wolr in the range of heads measured, Veloa:!.ty heade
wore eomputed by aamm;lng & uniform diat.ribution of flcm acroas the
throat of tha draft tube, Velocity heads were ‘plotted’ ugai.nst ex-
ternal head on the model to form the diagrams shown on figures 114
te 27.

' The rehtion batween the diacharge and the. hsad is expreased
by the equation

Q=CANIgr

and C = Q
AN/ 2gh

substituting V= 3
A

C-

v
Vg VE |
_ .It. 4'ua‘.s décided to éompafe t.hoa. psrformmce'of the mociela By- o
coafﬁcient.u computed for & throat velocity of. 8 fest por aacond.‘
Substitut.in.g tha above aquat.ion V- 8 ft.. per se0.
Then

= 0,998
'jfUaing the d;lsgfmb on'figur&c"lh to 27, the valas 6f h correeponde
ing. to a velocity h}ead'qf 0.998 is determined for each vm"mg; o
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‘-Dividing 0. 993 by tlw équare root of the heada @vea values of G o
for each vams angle, which m ahmn en figures. 28 tfo 38. ?aluoa S
“of C increase as the parrmnce of t.ha tube mprnvas.
. Paint tests were’ mdn on 211 af ths models wi.th the ucep—
tion of the two strajght coanes, modelﬁ 8 and 9, for tha purposze .
of showing the flow charasteristice ingide the modelfa. The models -
were finished inside with black paint ,;cgv:ar which a eevat of varaish
was applied. This was done to give a'Wry smooth surfece, and the
mat.est aztount of contrast betmen tm inner unrfncaa of the modelu
and the white paint used for the tea?.m. In making thn paint teats
a i‘raab coat of white lead and oil wu npplied evenly with a bru&h
over the inner aurfaeen of the mde’w. X Tha modcla were t.hun plmd

six ninutua at & throeat volocity c.f & fﬁﬁt per socond. The tlow:lng
" wa,ter streaked the frash paint, anﬂ indiceted the diret:tion and mapi- -
tude of velocities a.long the boumiariaa of the wmoedel. _
_ Interpret.ationa of the ress:lta of the paint tests, ‘a8 shown ¢ on

i platea 1 % 7, are necssaarily ”aaly gualitative. Aress of high vg—
locities are cheracterised by finsiy etched linee while those of ’
low vnlocitiea are diatinguish«nd by btroader linea, not as well ‘
detined, Eddiea are ghorm by cu.rving linea and solid spote of white.
Large areas of deadl water are’ indicated by largs white areas which -
show no straaking

The f.trat. pa.*'mt. t.ents were made for all ungles of whirl. It

7 was found that ch.mcteriuties of flow existing in the nodala at
O angle of uhir‘L wsre anly intenaified by the other angles of
whirl.. Therefora, oompara,am between models can be made as won
on the basis of teats st 0° angle of whirl as with a complote set.
" Por that mason, & complete set of tests are ahm on plate 1 for
model 1 only, and results of all other t.eats ara shown by picturu _

: .'_‘__of flow at 0° angle of whirlo
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DETAILS CF MCDELS AND EFSULTS ,
The original propoaed dasign of draft tube for Gmnd Coulse
ia shown on figwe 3 as model 1. It has an unsymotriaal elbow
section dua to the axis of the turbine baing offaat four feet _
from the center-lim of the turbine bay, and. bocauao of an att@mpt
to make the water diacharge in s direction normal to the facs of
the puwérhousu{ Modal iQB resulted from changtng the straight
piers to piers with a warped upat.rem sdge as the p&int teats .
" indicate they should be. - The warped piers wars superior to the
straight piers only at o° a.ngl.e of whirl. Nodel 1-D result.ed from |
1engthcning the throat of Nedel 1-B, as ahmm in deuil on figure 3°
The results of the teat on theae three daeigns are ghown on fig- ‘
L ure 14, 15, 28, am 35, and on plates 1 and 2, Plato 1 showe how
the flow through the pier section is coﬁcar;tratod in one of the

out side passages as the angle of whirl-'ihcre'aaea. AL O° mgle _
of whirl there is a well-bala.nced distx‘ibution of flou through the

three pier pasnagesy At 15° angle of whirl the balnnced distri-
‘bution of flow is alraady upset, as imdicated by the paint teot,
This effect continues to anreaae with an iacrans in t.he angle |
‘of whirl until at 45° the flow occurs almost entirely through a
single outside pier pascage. Under the condition of 45° avae
 of whirl there 1s even soms indication of a reverul of ﬂow in |
the roof :of the oppoaito owtside pasuage. These cuﬂditims wore
found to be characteristic of the flow through all of the elbow '
tube modsls testad. Hodol 1-A maulted fraom mvlns the plers
' from model 1. The effect is shown by a paint toat on plat,e 2.0
Tha deaign of model 2 a2 similar t.o modal 1,, omopb that 1:!
'the fnmr the narrover piera maulted in’ a nmwcr width or

- draft tube at the exit while. M3-nmin1n8 the gume ereas of open- RO
~ 4inge. The alterations in model 2 are shown on ﬁ.gum L 88 mo=

dels 2-B, 2-C, 2-D, md 2B, These altorationo were made by f.u....
Ang t.ha 1nd1catod areas with plantinﬂ.no. Rwult-a ct taheas tests

are’ shomn on figures 15, 16, 17, 29, 30, amd! 33, and on pmea 2 o




Model 3, shown on ﬁ.gura S, has a lmaered reof throu@ 1.
centar passage and through t!w center of the elbow esction.

: E.odel 3-A resultaed frcm L fm'thear lowering of the can?.er pa.amgo,
and changes in tl'm plm of the piara‘ ‘l@sults of tests on modala "
3 and 3-A ara ahown on ﬁL@.ma 18, 30, 31 am 34, ard on plate b,.

. The first deaign with & symmstrical plan is shown on figmre

~ 6 as.model 4. The water discharges at an angle of about 86° wit.h

) the raca of ths pomrhemm.' In modal L-A, the tubs was narmmd
in plam so that the nm of the outside pasaaga would be uara.ll@l
te t.he const.ruction joint of the tnrblm bagr. This ohange did mot

. Teduce the effectivmss of the tubm. Hodels h—B, a-c and L-D,,
resultu& from changﬂ.ns -the contour of the raof through t.ha elhow*
and centt!r pasaa.ga as is nhmm on figure 6. Evidence is alsc shown
on figurs‘ 38 that the mf af the pier ction throug: the oont.er
pessage ahould form an sngle .of about 7° with the horizontal. An,v
a.ngle in exceaa of ‘7 mwlt-u in the f.low breaﬂd.ng awzy fram the ‘}‘
roof, and :nhe rm-mum & en oddy that reduces the coefficient of
the tube. Tho results of t@sta on models 4, a—a, 4=B, L-C, and ¥
4-D are mmn on figures 19, 0, 4, 3, R, and 34, and on |

plates 4 a.nd 50 - o

The de-ign of mdel 5, sbhown on’ riguru 7, ie f.he pame as
‘model I thraugh the throat a.nd part of tm elbou uot.ion. Tho‘
pier Bection of madol 5 ia the soms as the pier uctim of model
iu-l;.- Tests on model 5 mdicst.a t.he 8 ame performmco as for mode)
A—A; The results oi‘ imst.a are: mhwa op figurea 21 and 35, e.nd on‘
plnte Ser o - |

A constant s.rea of emanae@ction through tho olbm as com~

‘ putsd in the dui@ of mdel 6 (ﬂ.gure 8). The model failed to

g:l.va ths expectod results dus apprantnly to ‘.l.arge lossee from
1.mp&ct cn the floor of tbe elbow aection. 'i‘his :lmpﬁct. wna euffi- : .
eisnt to cause a mverul of nw in the elbnw 28 ia shom by t.hs'; : A

.




~paint test on plel’m 5¢. Hodel 6-8 was formed by placi.ns a aplit.t-ar ‘
in the joint bet.ween the upper and lowar halvevs of model 6.
.aplit.ter was & thi.n piece of t.in which extendad ‘across ‘the. entim -
width of the tum from section B (figire 8) arcund.- the elbow to
section J, dividmg the elbow secti an Anto two oqunl pagseges.
The’ effect of the @litt.er can be sean by compuring t.hm paint
test.s of model 6 with model 6-5 (plntea 5 and 6). 'The effect of
the aplitter on the ccefficiants is shown on figures 23 end 35,
This is the t.ype cvt dolign in which other experimenters have found
that results in ‘t.ha madelu did not always hold for the prototype.
Their experience has been tbat the protot.ype designs gave much
better perfoma.nco than the model tosta indicated, In the Gramd
Coules t.aaus, the results of model tests with the splitter show
superiority of parfomance over model 6 without the splitter.

The elbow of. modelf 6 was widened and the height of the outside |
pasaagea was 1ncreassd for part of their length to form model 6-A. "
Results of tests an wodels 6 and 6-A are shown on figures 22, 23,
- 35, ard 36, and m plates 5 amd 6 Vodel 6 was tested thoroughly
Iin both flumes 1 am 2, HResulls in flume 2 were diati.nct.ly not. as
good ag in flume 1. It 4s believed that the dirxenncon in the ‘

. dimanaiuns of the hoadﬁthar and. tailwater bays in the ‘two ﬂms
were responsible 10:' tm difference 4in results. '
 Tests were ma;de later for t.he purpose of clar}.fyi.ng t.hia

- difference in result.a. Model 3 was used for this purpose, anﬂ
tests were madu m flnm 2 88 it is shomn on f:lgm-e 1. 'I‘hoso‘
tests also indicai.od as shcmn on. figure 27, that naults in ﬁ.m

2 were not as goo:! as in f.mme 1., Falaework was t.hen conutrwcted S

in the forebay of flume 2 ¢o simulate as naarly as posa:lble the o
‘condiuons in flum le Subaeqmnt. teats ahmmd an i.nprovemnt. in .
rOsUlte in modal 3 due tomt.hia cha.ngo in the headmce._ The tail-
,water bey was then lengthentd four feet, and tbe tailwater '
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pelzometer was moved !‘aur teet domstream. -~ Subssquent tests on
modael 3 showed additional impmvement in resulta due to the change
in the tailrace, The combined effect of falsework in the headraco,'
and t.ha lengt,h.ened t.ai]_raca was more than suffieient to elimingte
the original differew-a in results existing between flumez 1 and 2.
In comparing results of tests on models 1¢to 6 with results on i
models 6-A to 12, allowance must be made for di:fcraaces due to
" the two test,mg i‘lma. This difference mount.s ta abmn'. O 07 in
_ the coefficient at 0° argle of whirl, and decraases ‘to about 0.03
at 4s° éngle of whirl. . ‘These dirferences must be added to the ..
| csefficienta derived from testa on models 6-4 to 12, to make thon
_ c.omp& able with' Dcdela 1 to 6.
The deaign in mmsl 7 was suggested in a paper by Viktor Kaplanﬁ
The or:’tginal vertical operning of 0.75 inc:hes at the exit (figure _
1 _10) did net give as sati:factory head recovery aa when the opemlng ( |
- was reduced to 0.50 inches, A further reduction to 0,375 mm. R
in the vartical opeming at ex:l.t a.pparently cavsed ehoking of the
i flow wh:l.ch resultad in less head recovery than for the 0.50 inchns '
, vert.ical opening ‘Results of these teata are aham on figuraa 24 '
‘,."and 36 A paint. teat of model 7 nith a vertical opaming of 0.50
inches at exit is° ahm on plate 6. It :Lndicabaa considetabla im- ‘
pact on the bottom plate since rddial flow linss stert from the
‘center of the plate. There is alao considerable aspm'ation of the
 direct from the curved aectione This model was & t.htombical
appmach ta the problem of pmperly proportioning t.he areas cd' a
- dreft tube from throst to exit. It showed such- anmt, prmiee
e ‘_‘that testa were not; carriod rarther. j '

G

S '*‘l'rans. Warld Power conferenco, Barcelom. Sact.ioml Hest!.ng, 1929,
”Wl- 2, pages 41-61. L




Tests were made on two straight cones (modela 8 and 9, fig-
ure 10) for the purpose of com;jﬁnng their perfornance with the
elbow tube designs, and with r;uults of tests made by the Newport
News Shipbuilding and Dry Dock Company published by the Hydraulic
Power Committee of the New England Division, National Electric
Light Association.® One of the straight cones (model 8) waa made
to the same proportions as those of & cons included in these |
putlished resulta. Tw néond cone was made to conform to a de-
aign tested by the Alabama Power Company. These comos were made
of galvanized iron. The distance from the discharge end of the
tubes to the floor conformed to the most efficisnt used in the
Bewport News tests and was sufficient in both ceses to sliminate
any effect of the floor upon the performance of the tubes. The .
_results are shown on figures 25, 36, and 37.

The tests on models 10, 11 and 12 were made for the purpose
of coznparing the performance of the current design of the Grand
Coulée draft tube with the performance of the dnignu uged at the
Norris Dam and at the lower Tallassee plant of the Alabexa Power :
Company. The date from model 10 is shown on figures 11, 26 and 37
and plate 6; from model 11 on figures 12, 26 am 37 and plate 7;
end from model 12 on figuree 13, 27 and 38 and plate 7.
- Model 11 is being modified to conform exactly to ths design
under test in connestion with the Grand Coulse turbine model, anid
 will be designated 2s model 1i-A. A comparison will bs made to
'detemine whether the differences shown bstwsen modals 10 a.nd 11-p
will alsc hold for the draft tube models of 6. S-imh t.hroat dianntar :
used with the turbine medel, . o

In addition to the difference.in sise of the models which my
affect the results, thers $a alsc the question o‘z‘.‘tha effect on

.-'*u;t.im_xal Elsctric Li@:t Association, Froceeding, 'Voi. 87, pp. 61‘7-633. ‘
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the results due to the 3~inch mdeln baing teoted without a turbine
runner, whereas the 6. Suinnh modo.m are tested with a turbine ruager.

SUMMARY (F RESULTS ARD CONCLUSTIORS
The cosfficient curves show that a batter porfmmce 4a almoat

invariably obtained at 7°30°, than at 0° or 159, A smooth curve drawn

through the plof.tad points indicates that the beat, p'erfomncé oecura

at an angle of whirl of approximately 6 degrbos. This slight angle

\”or whirl probably assists in diverging the fiow in the throat sec-

tion, causing greater hesd rocovery, w‘ t.hout materially upsetting

the velocity di.at.ributi.on in the elbow and pier soctions. The

offect of the higher angles of whirl is to upeoet the distribution

of velocitisas in the elbow section to the extant that most of the

flow occurs through one of the outside passages of the pler ssction,
sulting in less head recovery and lower coefficients.

At the beginning of the tests, two piezomtera wore placed
oppnsit.e each other on the upstream and downstrnm sides of the
throst of the models at the top of the draft tubes. Draft heads
were measured by taking the difference in the height of water coluans
in a manonieter attached to the draft tube p'iemmt.era and to the )
tallwater piezometer. The average value of draft head taken from
a seriea of five readings was divided by the veloeity head at the
throat to give 2 value called the "efficlency” of the draft tubs,
This method is commanly followed by expsrimenters but was abandoned
in this work because it gave mislesding results. Changes in effi-
clency were not consistent with changes in the cosfficients. This
discrepancy is probably due to the fact that the boundary velocitin
in the throat wh.’tsh produce the measured draft heads, vary conai—
derably from the average vartical velocitisa.

Some uncert.aintiu ariae in making compariaons of resulta
obtained by diffarent ez:parimntrare dus to lack of infomtion Cofim
eeming headwat.er end tallwater conditiam in the uzt.ing fllmea and -




to hck of information cmorntng ‘the entrance ccnditiune to thu ‘
test orifices. All of thesve. factors have uonniderablo affect or’ 4
the coerficinntn. As an 1llustration, there is an n.ppmnt. differ~ -
snce of purfomanco by the osme model, as shown on figure 27, dno
to teste being msde in two flumes of different dimeneions, The

effect on the external head, and, therefore, on the cosfficiant,
of increasing the height of vane ring mt the entrance to the test
orifice, is shown on figure 19. Probably dus to these factars,

model 8 shows slightly better results than sre shosn by the similar .
design included in the tests published by the Fational Elsctric
Light Association. Likewise, results on model 9 are not as good
as the results obtained by the Alabama Powsr Campany on s similar

design. , .
In testing the olbow tube designs, efforts were made to elimi-
nete eddy lossea, and 1o increase the haad regsin of the tube by
__numerous alterations in the outline of the elbows, shape of piere,

"Mand contour of the roofs of the pier sections. All of the Grand

Coulee models of elbow tubes start with a cone of 1l degrees in-
cluded angle. This value of the inciuded angla had been. obtained

in previous work by other axperimntera ae the moet satisfactory

for head regain. ’
‘The first major change in the proposed design of the draft

‘tube was the elimination of an unsymmetrical elbow section due to

the axia of the turbine being offset four feet rrom the center-line
of the turbine bay. This waa accomplished by t.urn:l.ng the draft
tube slightly so that the discharge from the tube cceurs at an
angle of about 86 degress with the face of the powerhouss instead
of normal to it, It was aleo" naceaeary to reiuce the widtb of the
tube at the elbow uctim to cbtain a uniform thidmeu of concrete
" between the outside paesage of the tube and construction joint be-
twesn bays. Thls was done without impairing the effectivensas of




the draft tube as subsequent tests prcved.
. Paint tests made on the elbow tube deaigm as shomn on

plates 1 to 7 indicats the separation of the dir_act« flow from the
top of the slbow section., Eddies form at this point which tend to
prevent t;he fulleat recovery through the piler aect.iona.. Inan
effort to prevent this separation of the direct flow from the face
and the subgequent formation of large eddies, a pumber of changem
ware made in the roof of the tube, fram the elbow through ths center
paasaga. The results indicate that better over-all performances _
are cbtained in designe in which the roof of the center pier pass-
age and the center of the elbow are made lower than the two outsida
passages. This 18 illustrated in the improvement of coefficient

of medel 4-B as compared to the coefficient of model 4 (figure 34).
The compariscn of the latest Grand Coulee tube to the Korris

and lower Tallassee designs indicastes that the Norris type is

superior to the Orand Coulee, and that the Lower Tallasseo is ,

superior to both of the others.

The coefficlents derived from the rouﬁlta of thsae teste are
not considered to be quantitstively applicable to prototype designa.
While the dimensions of the models are scaled from prototype deaignﬁ, e
the velocities used bear no relationship to prototyps velocities.
~ A scaled velocity, based on the expected discharge in the prototype,
"would be 3.03 fest per second. For this velocity, the oormspond~ N
ing velocity head is only 0,143 feat. Differences. in perromianco
_of the models under this small velocity head result in almost
negligible changeu in the externsl head. Cosfficionta were com-
puted for velocities of 8 feet per ‘second because ditferencue in
emmal head are amplified, énd permit a more nesrly wcm-ate
'detemination of the coefficients. The cosfficients -are more stable
for velocities above 6 feet per second. Opposed to the foregoing ‘Y

advantages of comparing coefficients at velocitios of 8 fest par .




second ia the fact that the resulting draft heads are far in ex-
cess of the draft heads that can be ‘supported in the prototype.
The models under these conditions are distorted, and the result-
ing coefficienta are at best only qualitative,

In selecting & draft tube, it is the usual pract.ics to choose
the one which gives the best medel performance, end past experience

haa indicatad espscially in the case of aimple elbow types, that
such inatallations give highest efficienciea. Other experimenters,
however, have found that while the introduction of a splitter, as
described in this report, will show lower coefficients in the model,
higher efficienciss may be sxpectsd in the protot.ypo. At first
thought this seeams paradoxical and it 1s believed that further atudy
of this phenomsnon to ascertain its cause would be Justified.
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