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INTRODUCTTO~ 
It is, as far as I know, likely the first time, that this new method 

for efficiency measurement on hydraulic machines is presented in 
public in this country. I will try therefore to produce in this paper 
some more detailed information than was possible to include in my 
lecture. 

All those who wish to deal in an extensive manner with this new 
testing method, its theoretical background and the experiences recol
lected up-to-date, will find at the end a selection of publications 
especially chosen for this purpose. The author feels that with these 
publications the whole field is covered in a reasonable manner, at 
lcit'st for the first start. 

FIELD TESTING 
When a hydraulic machine is ordered, three main things general-

ly are fixed in the contract, namely: 
Price 
Delivery time 
Technical guarantees 

Tn the future we shall deal with the third item only. In the case of 
a turbine these guarantee values usually fix, for a given rated speed 
and at constant head, the efficiencies at full or partial gate openings, 
that is the ratio between turbine output on the shaft and the hydrau
lic power input. For low head river plants, and for storage plants 
where the head may vary substantially, such guanmtee curves are 
claimed for several heads covering the whole range of future opera
tion. 

For completeness may I mention that in former times we had to 
state guarantee values even for different rated speeds, for example 
in Italy before World War II, for frequencies of 42, 45 and 50 
Hertz in the same plant. For storage pumps these guarantees gen
erally include the values of fl.ow and efficiency for given pump heads, 



sometimes for speeds a few percent above or below rated speed, in 
order to take into account extreme network conditions. 

The control of these guarantee values is suhject to inac.curacies in 
the measuring techniques involved in the tests, and the definitions 
of the values to be measured are, fortunately may I say, now fixed 
in national and international codes. In our field of hydraulic ma
chinery the chair of the intematiorial committee dealing with this 
code work is occupied in an exemplary manner by the Director of 
the Alden Research Laboratory, Professor Leslie J. Hooper of WPI. 

IMPORTANCE OF FIEW TESTS 
It must be emphasized that the importance of field tests, i.e., the 

checking of the guarantee values on the prototypes, is gJ"owing more 
and more as the machines are increasing in power, dimensions, head 
and flow. The costs of the hydraulic equipment may vary between 4 % 
only in high head plants up to perhaps 15% in a low head river plant, 
referring to the overall costs of the whole plant. But if the hydraulic 
machine shows had performance, the productiveness of the whole 
investment, possibly as much as several hundred million dollars, is 
badly affected. Actually tests on prototypes in power plants may be 
executed for three main and very distinct purposes: a) Checking of 
guarantee figures given in the contract; this is a commercial matter. 
b) Comparison with the results of model tests, which is of highly 
scientific interest. c) Watching over the influence of wear occurring 
by sand erosion or cavitation corrosion, thus proving to be of highly 
economical importance for the long time rumting of the plant. It 
dep~nds mostly on local conditions, and sometimes on the character 
and quality of the people involved in the management of the plant, 
which one of these three items is considered to be the most impor
tant one. Based on almost 40 years of experience it is my feeling that 
the third item becomes more and more important. 

Field tests, properly executed, are expensive, need important equip
ment with the corresponding well trained personnel, and are often 
disturbing the plant service in a considerable manner. With the im
provement of model testing techniques today, field tests are often 
replaced by acceptance tests on a model, by using the experiences 
of item b) of my list. With this development in mind plant super
intendents have for a Jong t ime been interested in simple methods 
to deal with item c) to check more or less regularly the decrease of 
efficiency of their machines over a Jong time range. For this purpo$e 
many types of so-called index tests have been developed in the past, 
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quite none of them really satisfactory in all circumstances. 
Jt may easily be that in the future, the Thermodynamic Method is 

called to cover I.his area in an improved manner, but it is a delicate 
method and must be properly used. 

PRINCIPLE 
The principle of this new method proves to be very simple: a,lmost 

all losses occurring in hydraulic machines are transferred in heat, 
therefore increasing the temperature of the water going through the 
machine. Measuring the temperature rise between inlet and outlet 
of the machine and knowing the specific heat of water, the losses 
can be evaluated in HP or kW and, as the input of a pump, or out
put of a turbine are known or measured, the flow can be calculated 
easily. 

HISTORICAL SURVEY 
Since the beginning in 1914 the method was especially investi

gated in France. First Poirson, alone, · later together with Barbillon, 
tried to measure these very small temperature differences of about 
0.3 °C as a mean value. Professor Piccard too, when teaching physics 
at our school at Zurich., dealt with the problem. But the thermometers 
available at that time proved to be not adequate; the results were 
absolutely unsatisfactory and the method was considered a failure and 
was abandoned for many years. 

It was therefore a great step ahead when after World War II in 
1954 the two French research men, Willm and Campmas, together 
with other engineers of Electricite de France, replaced the direct 
thermometric method by the so-called Thermodynamic Method. The 
main difference consists, as we will see later on, that no temperatures 
are measured directly, but compared only, and pressures are measured 
which, when handled in a special expandcT, are producing the same 
temperature rise as in the machine to be tested. From this beginning 
and with increasing success a great number of field tests, far more 
than 1,000, have been executed on turbines and, since 1958 on 
pumps also. Many publications show this progress (see Bibliography, 
annexed). 

The Swiss Committee for Field Test Codes was at the beginning 
rather reserved. In the 1957 third edition of the Swii;s Test Code we 
mentioned the method, but it was considered that the method was 
not yet developed in such a manner to be incorporated in a code as 
a standard method, but both manufacturers and power plant people 
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were encouraged to deal with it in arranging as many comparative 
tests as possible. This manner of approach happened to be very suc
cessful so that in the 4th edition just now underway, we will find a 
complete chapter on the method, which is now accepted as a standard 
for fi eld tests, within the limits fix~ within the up-to-<late experiences 
for turbines at 330 feet, for pumps at 500 feet, approximately. 

ADV ANT AGES AND DlSADV ANT AGES 
The advantages of the new method in comparison to the classical 

ones can be presented as follows: 
a) No flow measurement necessary 
b) No precise electric power measurement necessary 
c) Few personnel (1 to 2 men) necessary to operate the instrµ

ments, depending on their desi£n 
d) Relative short time necessary for installation of instruments, 

practically without disturbing normal service, and prompt 
availability of the results. 

The difficulties in the use of this method prove to be rather frequent
ly underestimated, not by the specialists thems.elves, but by others in 
manufacturer companies and powe_r plant staffs wishing to work with 
it. Therefore it is convenient and necessary to mention the main dis
advantages. 

a) For successful work with this method a well and especially 
trained personnel with clear knowledge in physical and in 
general engineering measuring technique is required. 

b) A small part of the data necessary for the computation of the 
final efficiency values can only be measured in an approxi
mate manner, or has even to be estimated. 

c) The immediate efficiency result is not the overall guarantee 
efficiency value of turbine or pump, but the hydraulic effi
ciency, as· indirectly mentioned before. 

Thereforcall other supplementary losses, especially the mechanical 
losses in the bearings, have to be measured l>Cparately or estimated 
by computing. 

BASIC RELATIONS AND EQUATIONS 
The main symbols and definitions to be used are recollected in 

Table (1). They correspond as closely as possible to those of the In
ternational (!EC) Code, and therefore to the new chapter on the 
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method in the Swiss Field Code, already mentioned before. With this 
it was given to use the metric system, with the exception of heads, 
in feet, for some power plants, referred to in chapter 14. 

Q 
d D 
a A 

[m3/sec lit/secl 
[mJ 
[m2 l 

rate of flow (discharge) 
diameter of circular pipe 
sectional area 

V = ~- ~ [m/secJ Mean velocity 

v2/2g 
p 

[ mJ 
[kp/cm2 ] 

kinetic or velocity head 
pressure 

z 
H 
0 
p 

g 
3 
d 

fmJ 
[m] 
[OC] 
(BHP kW] 
[m/sec2 ] 

[kp/m3'] 

elevation above zero-level 
head 
temperature 
Power 
gravity value 
specific weight 

n. 
scale value of galvanometer 
efficiency 

T ABLI! I: Symbols, Dimensions and Definition 

As basic equations we are using: 

1/=.J: ~ ~ +2 = Hydraulic energy per 1 kp (force), expressed in 
6 ~ (m) of water cdlumn 

= Bernoulli's total energy 
/, 1f = Internal energy per 1 kp (force) 
lH+U)=IJ. = Total energy per I. kp (force.or weight) 

'i = Total energy per 1 kp, furnished by the turbine 
impeller to the shaft 

Ji.= Total energy per 1 kp, furnished to the pump run
ner from the shaft 

Referring to Fig (1), we have the locations; 
Subscript I : Low pressure side of the machine 
Subscript 11 : High pressure side of the machine 
Subscript m : Mean values 
Subscript CT, el' : Entrance in the range of responsibility of the 

Turbine or the Pump 
Subscript ar, aP ; Leaving the range of responsibility of the 

Turbine or lhc Pump 
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Following the principle of the conservation of the total energy, 
for a complete system without heat exchange with the ambient room, 
and in using Fig. (I) we get: 

Total energy on the Total energy on the 
side of low pressure + 

Energy on 
the shaft side of the fligh oressure = 

or 

II I 
~ Pumpe 

-----I> Or ~ r"rblr,e 

SWS1N 

f 
I 

2· l_,, - Pump• - " 
- !• , - Turbine - ~r 

' 
Basic Scheme fur Memuremenl of Energy - and Efficiency - Conditions 
with Double - Expanclen in both meosurein9 zon ... 

e Me<>suring Locotions For p,e .. ure C>lld Temperature 

¼ Smoll size P.utterfly - valves with adjustable position> 

-- Orifice, 

ap aT Outlet Sections 

Qp Pump discharge 

ep eT Inlet Sect ions 

Or Turbine dischtirge 

Flo. l: Basic Diagram for the location of the Measuring Sections. 

As long as the measuring points I and 2 remain within the whole 
region with no heat exchange with the ambient room, they may be 
located at any suitahle section of flow, that means where !lu ·• O;. 

Referring once more to Fig. (1), showing the fact that location of 
measuring points within a closed area is of no importance, we state: 

and 
'"' + Vht = {H + u); = CH + ll)i = (H + ur: 
(H + V).r = (H + u): = (H + u)t ""' (H + U)t 
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.Hu as the difference of the two (H + U) values may therefore be 
measured between any freely chosen location within the Zones I and II. 

Following the laws of thermodynamics we have: 

fjv ;:;,[tiri, ~-(t-~-P,..)+J~. (61r-Bz}(Yi a v-J) +{z .11-t .r) 
or finally, as all is measured in [m} of water column: 

t1u = 1o(P11-&}f-~~P"')t fl7•(e,~+(~i;/l)+{l6 -lz) 
p = pressure in kp/cm2 

0 = Temperature of water in °C 
Cl( = Correction coefficient# 1 

(Xr,r.')_ • Mae = adiabatic change of temperature at efficiency = 
7-CPzl'fT q,t 

/J,,, = Correction coefficient# 2, referring to the differences between 
~ 0G.riJ !,,, what is generally expressed in the manner of Oo/; = 

(1- p,.,) see Fig. (I 0) 
Ivl~hanical heat equivalent: 

J ~ 'IZT~tua./fj'= ,Z6.f•C:P•t) in m/t t/t;JC of & 
Which 

means: At g = gN and cPI = I kcal/kg we get an expat)sion of 
427 m at a temperature change of 1 "C. For a machine efficiency 
assumed to be 100%, we have (0ic~6.i) '= ll$<tJ and <rm =-0 
or, now -expressed in the main equation: 

( (tiu),;;_ io(F:z-&)•{t-!,,,)1-(:lf ;:
2)+(~11-1.i) 

From this we get for the net (manometric) head of a turbine or a 

pump: 1 .fv. z _ v. l) /., '\ 
Turbine Tes1 Hn#1o(Pef"ti}(,-Ji'111J1'. e-, 11.T +-t?e,-Z.,T/ 
Hn = 10 /4 23 · 
Pump Tesl Hh=lo(Rtr-Pe1)-{i-1,,.),,~,-V•l)-1-(-ztl.f-zff) 
Hn=lO ~ 

From these measured values and computed heads the correspond
ing efficiencies are received as the following ratios: 

Turbine: l1. 11r= Ii IJ 
H,. 

Pump: Ii, hf= !!Ji 
!J IJ 
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MEASURING TECHNIQUE 
Two main values have to be measured with the necessary precision, 

namely: 
( H,rffr)-::.A H at a precision of 0.4 m of water column 
{t¼,,~8_i)'$4f at a precision of 1/1,000 °C 

These two differences ( Hz--Nz) and (Bi•6z) must be measured 
in a definite and reproducible manner. 

For doing this four main techniques, or methods, have been 
developed to date: 

1) Direct temperature measurement DM 
2) Partial expanding (Zero Method) ZM 
3) Auxiliary expanding AE 
4) Total expanding TE 

With the instruments available today, and considering the experiences 
recollected up to date, the methods 2 and 3 are considered to be 
the most suitable ones in many cases. In order to simplify these ex
planations and, as they will be included in the new chapter of the 
Swisi Field Test Code, I shall deal in the future with these two 
methods only. Furthermore we are admitting a turbine test has to 
be executed. 

A. ZM or Zero Method 
This method- is especially suitable for tests on Pelton wheels, on 

Francis turbines, and on storage pumps with relatively high back 
pressure. 

Principle: The pressure pn in the expander is changed until 8z i=: Sz 
which means (8,rB:L) z: O Then we have: f,c= (11)0 

Procedure: At the tapping 2' (see Fig. l) a probe for total pres-

sure {f 'I f}z) is introduced in the adduction pipe, ahead of the 

spiral casing entrance, for example, and a quantity of water qn will 
be derivated. This flow of an amount of 0.2 to 0.5 lit/sec is flow
ing through a pressure valve behind which, at location zm, pressure 
pu and the temperature 6.ll are measured. 

The measuring section for pl and 8.r are after the turbine, in Zone 
I (may be tail race channel with free level, may be closed section 
after a draught tube). 

The throttling valve at 2" is adjusted until the instrument to 
measure { 611 .. 8z) _generally a galvanometer, shows = 0. As the 
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piping between 2' and 2'" quite never can be insulated in an ideal 
manner to avoid any heat transfer, at least 3 measurements with 3 
different qrr values were executed, in order to receive 3 values of 
(prr)o. 

At qn = oo or equally at 1 /qu = 0 no heat exchange would 
occur. The values of (pn)0 are therefore plotted against the values of 
1/qn. The straight line through these values, extrapolated lo (l/qu) = 
0, will deliver the value (pII)o to be introduced in the final equation: 

t!u • 1ofjP,/J.
0
- P;_/-(,-t1.,.-!4) r(~ ~;}}t (2~• 'lz) 

B. AE or Auxiliary Expanding 
Suitable for Francis turbines with back pressure and for s:torage 

pumps with a submergence of less than H11 (*,-I) in m. 

Principle: Complete (or only partial) calibration in (m) of the 
,dtJ measuring equipment ( = galvanometer). 

Procedure: 1st step: Direct measurement. 
$probe# I in location I' or in 1"; pressure pl 
6 probe # 2 in location 21 or in 2"; pressure pu 

Result: dp parts of scale on A 8 meter. 
With apparatuses where heat exchange between location 2' or 1' 
and the location for temperature measurements cap be well deter -
mined, this direct me_asurement has to be carried out for various 
values of qrr and q1; with this (dP)o at 1/q = 0 will be determined 
as for method ZM, 

2,uJ step: Auxiliary expanding, 
8probc # 1 in location 2"; pressure p" 
8 probe# 2 in location 2'"; pressure p"' 

Result: dp in function of (p" - p"') 
At various (e.g. 6) positions of the throttling valve, and thus giving 
6 values of (p" - p'"), the positions of the throttling valve being 
chosen to give 3 values of d higher and 3 values lower than dP. 

Graphically we get (p" - p"')o at d = dP which value is introduced 
in the general equation for Hu: 

llu ; 10{1:d:r}ef ... ,....p,.)r, z t(rizi )~~,,-i!r) 
+IO •{l"-,'1'};(1-".-l,,,)J'rA 
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wherein the do,... and f,.. -values are taken for the mean pressure 

f. ::. If"+ .1"'J 
"' l~ 2 

For computing purposes the following substitution is made: 
A = calibration factor = (. :t. 

11-//IJ 

(1- otm-,,;Jf,; /IJ 1 ~ 
Thus giving the final simplified equation for Hu 

Hu ~ JO-/j.-i}•(,-ot,.-P.,),,,r + (v; ~ vL') ,&-1~;.A-./r 
wherein ( - ) for turbines ( +) for pumps 

It is of high importance to check the balance of the galvanometer 
for the measurement of 46 very carefully immediately before and 
after the tests. 

By these rather few remarks one may realize that this thermody
namic method is requiring extensive precaution and well experienced 
personnel. 

MEASURING MEANS 
It is impossible to describe in this paper in detail the apparatuses, 

especially also because these equipments and instruments are in full 
development. The vital parts are the following: 

1) Pressure and flow probes, ½ " to % ", resistant against vibra
tions, with openings entering at least 1.511 in the clear section of the 
flow. As the velocity head (or kinetic head) is contained in numer
ator and in denominator of the efficiency ratio, the influence on effi
ciency by any error in this measurement of head will generally for 
turbines never exceed an amount of 0.01 % . On the other hand energy 
distribution at the spiral casing outlets of storage pumps proves to 
be often very irregular. For this reason a doctor thesis work is under 
way now in the Hydraulic Machine Laboratory at Zurich to investi
gate in detail such energy distributions ( = velocity and temperature 
distributions) in storage pumps. These probes are inserted in the main 
pipe through simple stuffing boxes of 1" to 2" diameter. 

2) Expander equipment with provisions to measure pressures and 
temperatures, with a regulating throttle valve in between and a 
throttle valve or orifice at the outlet {Fig. 2). 
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Fm. 2: Double Expander of ETH - Equipment. 

3) Temperature feelers, generally resistance elements of about 
I 00 ohms, made from platinum wire, located in protecting tube. 

4) Indicator for temperature differences, mostly a galvanometer 
with sensibility of approximately IQ-9 amp/1 deg. of scale section, 
and inserted in the diagonal of a doubly adjustable wheatstone 
bridge, with inax. 4 mA in the bridge (Fig. 3 & 4). 

5) Adjusting and thermo-feeler balancing container, generally 
thermos bottles, with agitator. 

11 



FIG. 3: Recording Jnstruments for Temperatures and Pressures. 

Fm. 4: AC-Bridge and Galvanometer. 

6) Precision manometers, today mostly dead weight piston mano
meters completed with additional indicator for small differences (Fig. 
5 &6). 

The way was long since the first standard equipment appeared on 
the market, at that time a remarkable design and realisation by the 
EdF and Neyrpic Engineers at Grenoble. 
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Fm. 5: View ofthe complete new ETH - Set. 

Fm. 6: ETH - Set installed in the Etzel Power Plant, for demonstrations at 
the 1966 meeting of the "Groupe international des Practiciens de la methode 
thermodynamique". 
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BASIC PROPERTIES OF WATER 
The properties of physically and chemically clean water arc we11 

known although some published values still show clear differences. 
The international tables produced as a result of corresponding meet
ings are adjusted to what thermal people need at high temperatures. 
Extrapolated to low temperatures as we have in hydraulic machines, 
between 0°C and 30°C, they show maximum specific weight cJ' · (or 
density) at + 5°C, values for atmospheric pressure. Everybody knows 
that this maximum is to be found at + 4 °C. 

Based on ·these facts, taking into account the range of temperature 
we are interested in, and knowing about the influence on efficiency 
of the values finally chosen for computing, Mr. Paul Weber, first 
Assistant in the Hydraulic Machine Laboratory at ETH, has worked 
out proposals for these important values (Figs. 10 & 11). 

Fig. (7) shows the values of 'compressibility of water, whilst Fig. 
(8) contains the values of specific heat of water. But as the use of 
the specific heat cP is not appropriate and therefore not recommen
dable, the computation today is generally worked out with the co
efficient of expansion, G(:, of water, as to be seen in Fig. (9). As a 
result of these proposals, or assumptions, he established a final 
diagram, wherein curves are given for pressures, pM, in function of 
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p 
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lk 

' 

i 

" i', I'--. 
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~~ 't il 
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' 
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~ 
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Com p,e .. i bi I ity of Water ~ 
in function of pressure p 
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'1~ .... '~ ~ 
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FIG. 7: Compressibility of Water, values by Weber. 
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Fro. 8: Specific Heat of Water, values by Weber. 
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Fm. 9: Coefficient of Expansion .t.. of Water. 
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temperature, 8 , for given values of o( ,w and /1 ltlf . These values 
will be adopted for the chapter on thermodynamic measurements in 
the 4th edition of the Swiss Field Test Code. In a French publication 
Mr. Gabaudan, a specialist in this field, stated that these values 
seem to be a reasonable compromise and that he is working with 
them at least for the moment. One thing is sure: the results of the 
International Steam Table Conference are not covering our require-

REQUIREMENTS FOR GOOD TESTS 
As I said earlier the difficulties have been somewhat underesti

mated. There are quite a number of conditions to be fulfilled for mak
ing successful and reliable tests with the Thermodynamic Method. 
The following list therefore cannot be considered to be complete and 
is especially depending on local conditions. 

a. Steady conditions on the hydraulic side. 
b. Steady conditions on the thermic side, which often proves to be 

much more difficult than to be expected and may lead to 
measurements made during the night or even during winter 
time only. 
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c. No change in chemical structure of the water during its flow 
through the apparatuses; special attention when marshy ground 
is present. 

d. · If there is a temperature gradient during the measureing time, 
a special correction on the l:J.c, values will be necessary by 
approximation. 

e. If as usual to a certain amount, a heat exchange takes place be
tween the surrounding and the :water leading parts of the equip
ment, a similar correction on !111 has to be made. 

f. Pay attention to the hot air channels of the electric machines, as 
heat exchange may occur to the water in the tailrace, between 
the machine· and the section of the temperature to be measured. 

g. Within the measuring system as defined at the beginning no cool
ing water may be introduced, or cooling pipes be in operation. 
This may call for special provisions at the time of design of the 
plant. 

h. Cooling water for seal rings and similar devices must be diverted 
and its quantity and temperature has to be measured, wh.ich 
will permit a further correction of Hu. 

i. Sufficient space must be provided in sections I and II to introduce 
the probes and, eventually, to locate the expanders close to the 
main pipes. 

k. In free sections of the tailrace special consideration must be 
given to the selection of the location of measuring section I. If 
this section is not accessible to explore the whole section for 
temperature distribution, then special means with remote con
trol have to be provided. 

1. If there exist doubts about the constancy of conditions with 
varaiable loads or pressures two or more measuring sections 
have to be used, especially on the high pressure-side. 

m. Sufficient distance between the galvanometer and any electric 
machine has to be provided. 

n. If possible an manometers should be calibrated in site, with the 
plant at a standsti1l, using the geodetically measured water 
column for compari~n. The result of this calibration has to be 
compared with the f' 1lf values, thus producing valuable infor
mation on the properties of the local plant water. 

o. If possible aU pressures (of one side of the machine) should be 
measured with the same instrument. 

p. The iero check of the temperature probes has to be made imme
diately before and after each series of tests. 
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This selection of items shows that, exactly as for any other method, 
quite precise conditions must be fulfilled to run thermodynamic 
tests successfully. 

ACCURACY AND LIMITS OF APPLICATION 
The highest accuracy will generally be reached with the Zero Method, 

because with it practically only the following items will be affected 
by errors: 

1) pressure difference measurement 
2) ot: m values 
3) additional losses (or corrections) 

The accuracy will be somewhat reduced by using the method of 
auxiliary expanding because the error in calibration has to be added, 
and because the direct measurement and the calibration itself can
not be executed at the same time. 

The basic error, computed from the 3 individual errors on: 

Net Head ::fH 
Total Energy Head J'Hu 
a,,. ~ value j (t-«m) 

is given by the equation: 

In order to keep all auxiliary losses (or corrections) below a certain 
total percentage of the whole efficiency, the following limits should 
be respected: 

If additional losses are measured 1111. ,( 5% 
If additional losses are calculated Jlfl 4(. I% 

Provided that these limits are respected, as well as the conditions 
cited in the section on requirements for good tests, the total measur
ing error which will be present may be computed from the basic 
error by multiplying it with the following factors, established sta
tistically from the results available today from a big number of tests. 

Multiplying factor 
for 

Pelton wheels 
Francis turbines 
Storage pumps 
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COMPUTATION OF FLOW 
If, in addition to the thermodynamic measurements of efficiency, 

the shaft power (electric power + losses) has been measured, and 
if the mechanical losses in the bearings and so on are known, thus 
changing the hydraulic efficiencies into overall efficiencies of the 
respective hydraulic machine, the flow value may be computed 
from the following equations: 

Turbine: 102•PT = 
Pump: 102 • Yl,p 

fl.T·K • <i· H ;,. KW 
pp. = t.· Q • H ,.,, KW 

TEST RESULTS 
1t will be interesting finally to deal with some typical results with 

the Thermodynamic Method. 
Bodio Pelton Wheel. The Bodio turbine was so small (900kW) that 

with local conditions proving to be very exceptional, we proposed 
the new method. Fig. (12) shows the general measuring arrange
ments. The turbine pressure pipe is branched to the main penstock, 
some 180 feet above the main power plant. Jt is a double nozzle, 
single wheel unit with horizontal shaft. Fig. (13) contains the (of,,.,+ 
fm) and the /Im values used for computations. 

In Fig. (14) the readings on the dead weight manometer versus 
the galvanometer readings are shown. Experience shows that these 
curves can be replaced by straight lines. The results of these field 
acceptance tests are shown in Fig. (15). 

BODIO PLAHT 

PeUGn Wheel 

---------------,,'L""~""'!l""EL'"S.-----, 

la~'"'1!i loo• 

~ -----+ .- f6' Sp,-1119 Ma-n. 

,411 Dead.w-. Mnn 

.,..,;.14 :ii:pandef" 
- .,.",ID 

~4.s1 l::1 Ji!+ 
&Q flt11Dr 

- -,;1, W11irJ 
-r,1(1 Tall•. Pipe ( 

...., 

FIG. 12: Bodio Plant, General Measuring Arrangement. 
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Fm. 13: Bodio, values of q"I and /J1ttt. used for computation. 

Vianden Pumped Storage Plant. These extremely conclusive and 
reliable field tests have been described by Vaucher in the Escher 
Wyss News. These test were performed on the turbine and the Pump 
of Unit # 2. Fig. (16) contains the whole measuring arrangements. 
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The results found on the Francis turbine arc represented in Fig. (I 7), 
those of the Storage pump in Fig. (18). 

In his paper on a 4-year experience with the Thermodynamic 
Method, Mr. Vaucher of the Escher Wyss Manufacturing Company 
has published a number of test results, from whom we have chosen 
the following four typical examples. 

Fig (19) Schwarzenbach, Pelton wheel, H = 1160 ft 
Fig. (20) Hemsil I, Francis turbine, H = 1670 ft 
Fig. (21) Loebbia, Pelton wheel H = 2420 ft 
Fig. (22) Lii.nersce, Pelton wheel H = 3050 ft 
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t'Jc;. 15: Bodio, Pelton wheel, Test Results. 

The agreement with the results from conventional tests, generally 
flow measurements made with current meters, proves to be remark
ably good. 

Skiok Pawer Plant. This test result, communicated by Prof. Knut 
Alming from the Technical University at Trondheim, Norway, is very 
interesting because of the fact that it has been obtained with direct 
temperature measurement, using modem quartz thermometers (Fig. 
23). 

FUTURE DEVELOPMENT 
The Thermodynamic Method, by measuring pressures and comparing 

temperatures, is well developed and established in Europe so that 
nowadays it is admitted for Standard Acceptance Tests to be executed. 
It is replacing conventional methods in a very favourable manner in 
making tests easier or even possible. Nobody will go to contest it 

23 



96 
fXM(1!-l"'f"617 

L~ 
s ~ 
J 

50 

~~~~ ----
~ ~ 

.,,, 
"""""-~ ~~ '0,.'\.'\.~ ~~ 

.,,._~ ~ S:,.~~ ~~ -
--------~ ~~ 

~ ~'>~ 

_,_ Gan.l'\fi 

60 70 ao 90 
Vlondeo l'ump Stor09e Plc,nt, Luxemburg. Fiold T@st Re.ult>, 
obtoined with the Thermody.,.mic ,,,..thod "" Pi.mp N,. 2. 
Pump Hood, H • 292-268 m (958-Sif ft.) 
Pumped fl..., Q ~ 20.75 - 22.75 m /• 
Speed N • ~28 .6 RPM 

'''--; 

"' 

Fm. 16: Vianden Power Plant, General Measuring Arrangement. 

~ 
''-'--" ~ 

:E 
g 
ci. 
~ 
.5 

110 

more or even to doubt as it was at the beginning. It will be improved 
and developed in a rapid manner in the near future. As far as we 
can see today this development will be directed in the following 
most important fields. 

a. Improvement of pressure measurement. Today the lower level is 
fixed at 330 ft for turbines and at 500 ft for pumps. Perhaps 

I 

VIAN DEN PUMP STORAGE PLANT 

Tests with the Thermodynamic Method on TubJne• ond Pumps 

Arrongme nt on lnstrvments, Unit Nr • 2 

Fm. 17: Vianden, Results of Turbine Tests. 
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Fm. IR: Vianden, Results of Storage Pump Tests. 

in the near future the use of the method for heads even lower than 
300 ft will be possible, as successful test results, realized under 
especially good test conditions, are already available. 

b. Use for detail research on prototypes and in the laboratory. Par
tial efficiencies have been measured showing the temperature 
distribution and thus the energy distribution in the housings 
of Pelton wheels. Many other fields of application have been 
detected quite recently. 

c. One very interesting and important field of application will be 
the use in measuring etliciencies of big boiler feeding pumps. 
It is well knpwn that these pumps generally cannot be measured 
under true working conditions in the manufacturer's workshop, 
and that field tests in the steam power plant prove to be very 
difficult. Today results of comparative tests with conventional 
methods are available from plants where the boiler feeding 
pump was driven by an electric motor, duly calibrated 'before 
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the tests. In their paper, presented in 1963 to the VDI meeting 
at Freiburg, Western Germany, Roegener and Arens-Fischer 
express their firm opinion that the Thermodynamic Method is 
called to become the most reliable one for measuring efficiencies 
of boiler feeding pumps, especially when they arc driven by 
condensating steam. turbines. 

d. Finally, and going back to the first idea of Poirson, the direct 
thermometric measurement will be developed, within the limits 
of accuracy of the modern thermometers of the quartz type 
and others, now available. Whether it will replace or not the 
indirectly working Thermodynamic Method as it stands today, 
is fully open. 
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