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This invention relates to efficiency indicating 
apparatus and more particularly to the indi 
cation of the instantaneous efficiency of steam 
boilers or the like. 
One of the objects of the invention is to pro 

vide an extremely simple and inexpensive means 
of measuring and indicating boiler efficiency. 
According to one important feature the effi 
ciency is measured by combining measure 
ments of two factors of boiler operation, prefer 
ably steam flow and gas flow. 

If complete combustion is assumed and the 
instantaneous total heat energy supplied to the 
boiler is designated by E, the heat energy carried 
off by the flue gas by E., the energy flowing out 
in the steam by E2, and the heat energy other 
wise dissipated by E3. 

The factor E3 is made up of losses due to 
radiation and conductivity and fuel losses in 
the ashes and soot. These losses are relatively 
small, from 4% to 6%, and are substantially 
constant for a given boiler. Therefore, having 
once been determined for a boiler they may be 
considered as remaining constant. 
In terms of percentage, 

Va.----d=100 
where Wa is the flue gas loss in percent, m is the 
percent of heat flowing out in the steam which 
is a measure of boiler efficiency, and a is the 
percent of constant losses 

Since 

- V, --- E=E and E. Fo E. 

A ---, --, - 
E. E. V--n 100-a. 

O 

7 - 1 
100-a E. 

1. +E, 
and 

n = 100-d 
TE 1+f 

Reducing the terms Ei and E2 to measurable 
factors, 

E=RM.(Rt-t).cpm. 
and 

E= B(-ts) 

where RM is the flue gas flow in M3/sec. at 0 
C. and 760 mm. of mercury, Rt is the flue gas 
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temperature in degrees C., it is the temperature 
of the surrounding air in degrees C., Cpm is the 
mean specific heat of the flue gas, D is the 
steam flow in kg/sec., i is the heat capacity 
per kg. of the steam, and is is the feedwater 
temperature in degrees C. 

Rewriting the equation for efficiency, 

100-0 
RM (Rt-t)cpm. 

1+r-i 
n = 

As the numerator 100-a is constant the effi 
ciency is proportional to the denominator or 
the quotient. 

RM(Rt-t).cpm 
D(i-ts) 

The heat capacity of saturated steam changes 
very little with pressure and changes in heat 
capacity of superheated steam can be com 
pensated for any changes in steam temperature 

: by errors in indication of about equal value but 
opposite direction of a steam flow meter of 
the differential pressure type having no tem 
perature correction. A constant value io may 
therefore be used for the heat capacity of the 
steam where steam flow D is measured by a 
differential pressure type flow meter without 
temperature, correction. - 
ASSunning also a constant mean feed Water 

temperature tso and designating deviations of 
the actual temperature from the mean by T, 

i-ts = i FT-tso 

= (1-FS.T). (io-tso) 
Where S is a constant With the Value 

1. 
io -tso 

The flue gas temperature affects both the 
flue gas measurement and the factor Rt-t. 
The correction factor of the temperature on 
the indication of a flow meter of the differential 
type is 

At 

lf2(R273) 
where Rto is the constant mean temperature 
for which the meter has been calculated and 

  



2 
At is the deviation of the actual flue gas tem 
perature from Rito. From this 

At RM (Rt-t) =RM(T2R, 3) (Ro-ti. At 
-- At At =RMIT gril 28, in?t 

As the values 
At 

2(Rto--273) 
and 

At 
Rto-t 

are very Small, one 
can set approximately 

- At At RM (Rt-t) -RM172(Riga) +Ril 
- 1-a of 

- P if 2(Rt--273). At 
= RM 1. Rt-t 

= RM1 MAt 
Where 

- Rto-t 
M- 2(Rto-273) 

Rt-t 
Introducing these factors into the efficiency 

equation, 
o 100- a 

- RM(l-E MAt) cpm. + D(EST) “it is, 
Designating the constant factor 

9pm (Riot) with e 
io-tso 

n = 100- a 100- a 
TRM (IE MAt). T 1-X 1 + Dists.T.), “e 

When 

x-RMCIEMA). D(IES.T.) “e 
Thus efficiency is proportional to a function 

of X which contains four measurable variables, 
RM, D, At and T. This method as so far de 
scribed and suitable apparatus for carrying it 
out are more fully disclosed and claimed in my 
copending application Serial No. 228,711, filed 
September 6, 1938. 
Determination of the efficiency can be sim 

plified by assuming a constant mean feed Water 
temperature. This is permissible since changes 
in feed. Water temperature are Small and have 
only a small effect on the results. 
I have found that the flue gas temperature 

for a given boiler is a function of the steam flow 
as long as the boiler condition, that is the clean 
liness of the boiler, can be considered as con 
stant. The relation between flue gas tempera 
ture and steam flow can be determined by meaS 
urement for a given boiler and can be plotted 
in the form of a curve from which flue gas tem 
perature can be determined for any rate of flow. 
Thus, according to the present invention instan 
taneous boiler efficiency can be obtained by 
measuring only gas flow and steam flow and 
combining these measurements according to the 
formula set out above to determine the value of 
the quotient X. 
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The correct relation between the quotient 

RM:D or D:RM, continually determined by a 
quotient meter, and the corresponding value of 
the boiler efficiency m, or the necessary Scale 
divisions, may also be obtained by the following 
method. 
Assuming again a complete combustion within 

the boiler the determination of the instanta 
neous efficiency in and the instantaneous flue gas 
loss Wa can also be obtained in the following 
manner. It is known that the supplied amount 
of fuel B in kg./sec. is proportional to the prod 
uct of flue gas flow RM times its percentage of 
CO2 or proportional to the product of RM times 
its (21-O2) percentage. The influence of the 
humidity can be considered here by a factor F, 
the influence of the fuel loss in ashes and soot 
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by a factor 6 and the influence of the kind of 
the fuel can be considered by a factor b, as all 
these influences change the flue gas flow for 
given conditions. If Hu signifies the lower heat 
ing value of the combustible in kcal. per kg. of 
fuel, the fuel energy E can be expressed in the 
following manner: 

E= B. Hu = RM.CO.8.b.F. Hu, 
= B. Hu = I.M. (21-O).8.b.F. Hu. 

With this the apparent efficiency n' can be 
obtained: 

- E. 1nn. D. (-ts).100 n' E 100-Ricotif, 
D. (-ts). 100 

RM. (21-0).o.b.F.H. 
The measurement of the generating heat (i-ts) 
can be carried through in the same manner as in 
the above described method. A determination 
of i is not required, if the steam flow is meas 
lured by a flow meter of differential pressure type 
Without temperature correction. It is sufficient 
to observe the changes in feed water tempera 
ture. In a similar manner the apparent flue gas 
loSs is determined by: 

- E. nn R.M. (Rt-t).cpm. - Va'-i 100-fift:(4,100= 
(Rt-t).cpm. 
COs. Eff,100 

or similarly: 

V= (Rt-t).cpm. a 100 
(21-0).o.b.F. Hu 

The So determined apparent values for the 
boiler efficiency m' and flue gas loss Wa' in per 
centage are not completely accurate, however, 
as the CO2- or O2-percentage cannot be obtained 
as an exact representative value of the total flue 
gas flow, and as the composition and the lower 
heating value change continually even for the 
Same fuel. 
A principal error of such a determination of 

m’ or Wa' has its origin in the sole consideration 
of the Supplied instantaneous fuel energy, while 
the action of the heat capacity of the boiler, 
Which influences the steam generation, is not 
taken into account at changes in load. On the 
other hand, the values for n’ and Va' can be 
utilized to calculate the correct values in and Wa. 
Any error in m' and Wa' will be because the sum 
of n' and Wa' plus the constant loss a varies 
from the figure 100. As all errors and other 
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unknown sources influence the result of the 
measurement for n' and Wa' in similar straight 
proportional manner and as 

n-Va-100- a 
one can set up the proportional relation: 

-- = - -= - 
n' -- Va' -- Va. 100- a 

Herefrom One obtains: 
100 

m= Av. '' ------------ (5) 
and similarly 

100 Va-ii v. Va' ---------- (6) 
The determination of the instantaneous effi 
ciency or correspondingly the instantaneous flue 
gas loss requires, therefore, the determination of 
the apparent Values for efficiency and flue gas 
loss by measurement of the flue gas flow RM, 
the CO2- or O2-percentage, the steam flow and 
the generating heat (i-ts) of the steam, it being 
assumed that the values for the combustible used 
are known. The determined apparent values for 
efficiency and flue gas loss have then to be cor 
rected by the factor 

100-d 
n' -- Vo 

For the determination of the correct values of 
m and Wa. One has to rely on a calculating method 
using the individual single values. An automatic 
indication or direct recording of the correct 
Values is not possible With this method. 
That this method gives in the end the same 

result, as the method described at first, Will be 
seen by the following: 
The Equation 5 can be transformed into: 
100- a 100-0, 

7- Va. 'T100.cpm. (Rt-t)R.M.CO,...b.F.H. 
n 6.b.F. H.C.O.D. (-ts). 100 I -- 

or 

100-c. 100- a 
1FM, (Rt-t).cpm. 1--a 

D. (-ts) 
Similarly one obtains: 

100-a- 100- a 100- a 
n' D. (-ts) 1 

1 + va, it RM, (iii-com 1 + . 
Suitable apparatus for carrying out the in 

verition is illustrated in the accompanying draw 
ing, in which: 

Figure 1 is a diagrammatic view of a boiler 
having an indicating system embodying the in 
vention; 

Figure 2 is a partial diagram of a modified 
System; and 

Figure 3 is a partial view of an instrument for 
indicating a correction due to changes in boiler 
conditions. 
In Figure 1 there is shown a boiler IO having 

a Stoker 2 or other suitable fuel feeding means 
and an air inlet passage 4 and a flue 6 con 
nected to a suitable stack or the like. A series 
of tubes 8 are arranged in the boiler and are 
connected to a steam drum 20 from which a pipe 
22 leads to any desired steam consuming devices. 
In order to measure the flow of gas from the 

boiler a venturi 24 is placed in the fiue 6 and a 
gas flowmeter 26 is connected by pipes 28 to 
points at the entrance side of and at the throat 
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3 
of the venturi. The flowmeter 26 operates a cam 
30, turning it to different positions as the flow 
varies. 
Steam flow is measured by placing an orifice 

plate 32 in the pipe 22 and connecting its oppo 
Site sides through lines 34 to two flowmeters 36 
which turn cams 38 and 40 respectively and which 
are not corrected for temperature changes. 
The steam flow and gas flow measurements are 

combined according to the above formula by pro 
viding rollers engaging the cams 30, 38 and 40 
which control springs 42, 44 and 46 acting on a 
lever 48 pivoted substantially at its center. A 
Spring 50 abutting an adjusting screw 52 is pref 
erably provided which may be adjusted to take 
Care of the constant losses and other constant 
factors. 

In Solving for the quotient X the cam 30 is 
Shaped to give the spring 42 a compression force 
proportional to the logarithm of the gas flow 
RM. The can 40 is shaped according to the 
logarithm of the quantity 1--MAt modified by 
the relation between gas temperature and steam 
flow. Since springs 42 and 46 act in the same 

5 direction these forces will be added to produce 
a force proportional to the product RMC1EMAt). 
This force is balanced against the force of 

springs 44 and 50, the former being proportional 
to the logarithm of the steam flow D and the 
latter being adjusted to compensate for the con 
stant factors including specific heat of the steam 
and feed water temperature. Thus the lever 48 
Will take a position dependent upon the value of 
the quotient X and may carry a pointer 54 read 
ing efficiency directly upon a suitable calibrated 
scale 56, 

Figure 2 illustrates a modified construction, 
parts therein corresponding to like parts in Fig 
ure 1 being indicated by the same reference nu 
merals plus C). This construction is substan 
tially the same as that of Figure 1 except that the 
second steam flow meter is omitted and the can 
38 is shaped to perform the functions of both 
cams 38 and 40 of Figure 1. That is, a single 
steam flow meter Operating a single cam per 
forms the functions of the two meters of Figure 
1 and exerts the same force on the lever 48. 
The above-described methods are correct only 

for a constant boiler condition. As this change 
is not visible from the outside of the boiler the 
methods contain an uncertainty in the adopted 
fixed relation between fiue gas temperature and 
steam flow. A change in boiler condition, as OC 
curs for instance, if the boiler gets dirty, de 
creases the value of D at the same boiler Opera 
tion and increases the flue gas temperature Rit 
considerably, while the flue gas flow RM remains 
unchanged. 

For this kind of boiler operation, which as 
sumes a constant boiler condition and a fixed re 
lation between steam flow and flue gas tempera 
ture, a visible indication of a change in boiler 
condition is necessary for completely accurate 
results. For this purpose a single measurement 
of the flue gas temperature Rt may be used. 
In the original condition of the boiler a definite 

boiler load or steam flow rate results in a defl 
nite flue gas temperature. To carry out the 
correction for boiler condition a convenient test 
ing load D', for instance 60% of the boiler ca 
pacity is chosen and the flue gas temperature 
Rit' for that load is determined. Upon a change 
in boiler condition resulting in a change in ef 
ficiency the temperature Rit' will vary for the 
same load D'. 



4. 
If u designates the absolute size of this change 

of the boiler efficiency m, it will drop to (m-u) 
or m' for a dirty boiler. The changes in en 
ergy AE for the generation of steam at the 
testing load D' will have the value Of: 

AE=-D".(i-ts) in kcal/sec. 
This must equal the change AE or increase in en 
ergy of the latent heat contained in the fille 
gaSeS: 

AE=RIMA (Ri).cpm, 

if A (Ri) represents the change of the flue gaS 
temperature Rit' in degrees centigrade, due to a 
change in boiler condition and RM' the flue gas 
flow corresponding originally to the testing load 
D'. As both changes in energy are equal, the 
change of the flue gas temperature can be de 
termined at once for any given change cut of the 
boiler efficiency m. One gets for a changed ef 
ficiency of (m Fu) : 

u.D. (io-tso) 
m RM'.cpm. 

This equation furnishes at once a definite scale 
for any poorer or better condition of the boiler 
in percentage. One has only to insert for at the 
values 1, 2, 3, per cent and so on and to calcu 
late, the respective difference in temperature. 

For a flue thermometer scale starting on the 
left side and reading from left to right this Will 
give for increasing temperatures of Rit' a per 
centage scale to the right for poorer boiler con 
ditions and for decreasing temperatures of Rt' 
a percentage scale to the left for better boiler 
conditions than before. 
One suitable instrument for indicating the 

correction is illustrated in Figure 3. As shown 
this instrument comprises an upper Scale grad 
ulated in degrees centigrade of gas temperature 
and a lower scale graduated in -- and - % ef 
ficiency. The lower scale is so located with re 
spect to the upper scale that its Zero point co 
incides with the test temperature Rt'. 
A pointer 80 is moved across the Scales by any 

desired mechanism, not shown, in response to 
variations in the flue gas temperature. 
The relationship of the scales may first be 

established by measuring the flue gas tempera 
ture Rt and the flue gas flow RM' at the Se 
lected test value of D', say 60% of the boiler 
rating. Thereafter to determine the effect of 
changes in boiler condition the boiler may again 
be adjusted to the values of D' and RM'. At 

A (Rt) = 

O 

5 

20 

25 

30 

40 

45 

50 

2,252,369 
the test values RM and D' slightly more fuel 
may be required to maintain the steam flow D' 
than originally due to a slight decrease in effi 
ciency as the boiler becomes dirty. This will 
change slightly the amount of excess air and 
will tend to increase the flue gas temperature. 
However, the decrease in excess air is so Small 
and has such a small effect upon flue gas ten 
perature that its effect may be disregarded and 
the indicated change in boiler efficiency may be 
accepted as correct. 
One can read then the Value and the direction 

of change in boiler condition easily on the lower 
percentage scale of the instrument. 
While several embodiments of the invention 

have been described it will be understood that 
it is not intended to limit the Scope of the in 
vention by the above description nor otherwise 
than by the terms of the appended claims. 
What is claimed is: 
1. Apparatus for indicating the efficiency of a 

steam boiler or the like comprising means for 
measuring the flow of steam from the boiler, 
means for measuring the flow of gas from the 
boiler, means Operated by said first named means 
for creating a force proportional to a function of 
steam flow and a second force proportional to 
a function of fue gas temperature, means Oper 
ated by said second named means for Creating 
a force proportional to a function of gas flow, 
and means for balancing the first named force 
against the sum of the last two forces to obtain 
a resultant proportional to boiler efficiency. 

2. Apparatus for indicating the efficiency of a 
steam boiler or the like comprising means for 
ineasuring the flow of steam from the boiler, 
means for measuring the flow of gas from the 
boiler, cams operated by said means respective 
ly, a balance lever, and springs controlled by Said 
cams and urging said lever in Opposite directions 
whereby it will occupy a position dependent upOn 
the ratio of the forces of Said SpringS. 

3. Apparatus for indicating the efficiency of a 
steam boiler or the like comprising a flowmeter 
responsive to the flow of gas from the boiler, a 
pair of fiowmeters responsive to the flow of 
steam from the boiler, cams operated by Said 
flowmeters respectively, said cams being Shaped 
to produce movements corresponding respective 
ly to functions of gas flow, steam flow and gas 
temperature, a balance lever, and resilient means 
connecting said cams to the balance lever to 
balance it in a position proportional to boiler 
efficiency. 

WILHELM. E. GERMER. 


