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a check of the heat rate that is within the accuracy of the heat-
balance diagram, Fig. 2.

The result also may be checked by either Equation [33] or
Equation [35], which are different forms of an approximation.
Applying Equation [35] to find #; and the heat rate

7 =1 — [(1 + 6.38325)(0.0011721 + 0.0019323)

— 6.38325 X 0.014188]

= 0.9894925 (591

hr = 7538.803

This is an excellent check of the result found in Equation [58].

Summary

It is seen that the theoretical gain due to addition of reheat
without interconnections may be found by using Equation [44].
The fraction of this gain that is realized when interconnections
exist may then be found by using Equation [32] or [35]. By
multiplying the two, the actual gain is found. It isseen that %;is
very nearly unity and that when it is applied to G, the actual
gain @, is found with excellent accuracy.

These results suggest a method of closely approximating the
heat rate of a reheat cycle. Given the heat rate of a low-pressure
high-temperature cycle, the theoretical gain resulting from super-
position of a reheat portion may be found assuming contact
heaters above the reheat point and no interconnections, using the
relationship of Equations [17] and [18]. Since in a typical caseit
was seen (see Equation [56]) that n; = 0.99, this factor may then
be applied to the theoretical gain to obtain a close approximation
of the actual gain. The latter may then be applied to the low-
pressure cycle heat rate to obtain the reheat heat rate.

Additional Loss in Low-Pressure System

The foregoing analysis of the loss due to interconnections dealt
entirely with degradation of energy through its incomplete utiliza-
tion in the high-pressure system and subsequent delivery at
lower than ideal availability to the low-pressure system; that is,
the faults which have been found are primarily those of the high-
pressure system.

An additional loss is suffered in the low-pressure system be-
cause of the low availability of the energy that is supplied to it by
the interconnections. The magnitude of this loss will now be de-
fined in terms of the ratio B of the thermal efficiency in the low-
pressure system of the degraded energy to that of the prime flow
of this system, that is

8= thermal efficiency at which aQ; is utilized (60]
" thermal efficiency at which Q is utilized ~ "

If the heat rate of the low-pressure system without interconnec-
tions is 7,,, it may be shown that with interconnections it becomes

This represents an additional loss, not implicit in the previous
analysis which pertained to the high-pressure system alone.

If we wish to find the total loss due to interconnections we must
add the two. Neglecting higher order terms it may be shown that
the total loss, including both components is given by

(AT,),- _ G,, s & 3
o <1 —G',,>(1 7+ a1 —F)...[62]

In most instances the value of 8 will be between 0.5 and 0.8,
and must be evaluated by detailed study of the low-pressure sys-
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tem. Assuming it to be 0.8 for illustrative purposes and evaluat-~
ing Equation [62] from the previous data

(Ar,);  0.1804126
r  0.8105874 (L =0:8974b)

+ 0.011721(1 — 0.8)
0.0023986 4+ 0.0023442
0.474 per cent

..[63)
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Discussion

V. F. Estcourt.? The author’s clear and simple presentation of
arather difficult subject has been accomplished without detracting
in any way from a painstaking and rigorous analysis of the factors
involved. From a purely theoretical point of view he has pre-
sented a new and valuable method for the evaluation of the
components in a reheat cycle. In a sense, the treatment may be
regarded as a building-block approach and the manner of utilizing
the ratio of heat rejected to heat supplied (¢/Q) represents a useful
simplification of concept.

It is pointed out that the widely used method of analyzing the
gain due to reheat is to determine ‘‘the difference in heat rate be-
tween a system in which the high-pressure turbine is exhausted
directly into a low-pressure turbine, and a system in which the
exhaust steam of the high-pressure turbine is returned to the boiler
for reheating to higher temperature before admission to the
low-pressure turbine.”” The author presents a radically different
concept wherein ‘‘the reheat cycle is considered to consist of a
low-pressure, high-temperature, regenerative cycle system upon
which is superimposed a high-pressure, high-temperature turbine,
a reheater, and additional feedwater heaters.”” The advantages
claimed for this method are:

(a) The low-pressure turbine remains unchanged both physi-
cally and thermodynamically as one goes from nonreheat to re-
heat.

(b)-Since the thermodynamic mechanism by which the heat
rate at the low-pressure turbine is achieved is amenable to
analysis by existing methods, this new approach requires that
new methods of analysis be applied only to the high-pressure
system.

As pointed out by the author, the gains under this new ap-
proach are obviously much greater because of the larger number
of components in the system which are credited to the addition of
reheat.

Certainly, the method described is an ingenious and valuable
tool in the light of strictly theoretical considerations, and it adds
a great deal in providing a better understanding of the thermody-
namic components of both the reheat and nonreheat cycles. How-
ever, when viewed in terms of what we actually desire to know
in selecting a reheat or nonreheat cycle, and later in attempting
to compare the actual gains with the theoretical gains, it is doubt-
ful whether we are as interested in evaluating the benefits relating

8 General Superintendent of Steam Generation, Pacific Gas and
Electric Company, San Francisco, Calif. Fellow ASME.

Copyright © 1958 by ASME

$20z 14dy 61 uo 1senb Aq ypd* L™ /2£91/65€9289/1 ¥91/8/08/4pd-sl01e/BunssuIBuaspInyy/woo"leydIsA|is Opawse)/:dly wody papeojumoq


https://crossmark.crossref.org/dialog/?doi=10.1115/1.4012834&domain=pdf&date_stamp=2022-01-25

1638

to the superposition of a high-pressure turbine and reheater upon
a low-pressure turbine as might have been the case some years
ago. The practical application of this concept, although ob-
served by the author to have been common one or two decades
ago as applying to the superposition of a high-pressure turbine on
an existing low-pressure plant, is of limited current interest for
well-known reasons. Economic studies today center more fre-
quently around the choice of a high pressure-low pressure turbine
combination with or without reheat, and therefore the evaluation
of these two cycles in relation to first cost and fuel rate is usually
the point of particular interest.

It is noted that the author states his paper represents the
““initial step in the solution of the complex problem of performance
monitoring’’ which is being undertaken in conjunction with the
Bailey Meter Company. Since we have had considerable to do
with bringing the two principals together in this effort we have
more than an average interest in the ultimate outcome of this
undertaking. Although this initial effort by the author should
stand on its own feet as an outstanding contribution in the field
of thermodynamic analysis, we believe that it is appropriate here
to consider also the significance of the author’s methods in their
possible application to the practical field of performance monitor-
ing.

When attempts are made to determine by test methods whether
the cycle is performing according to calculated values, we are
confronted with a major problem. By using the most up-to-date
methods and test instrumentation, the best attainable accuracy is
slightly better than =4=0.5 per cent. On a unit having a gross
heat rate of 8000 Btu per kwhr this is of the order of +=40 Btu per
kwhr. This is a relatively large figure when one is considering the
effects on cycle performance of variations in equipment or cycle
arrangement. Actually, with a large reheat machine having a
capacity of 150-200 mw, this represents an annual fuel cost of
approximately $20,000 per year. The equivalent in capital out-
lay is roughly $175,000.

The concept of performance monitoring must include not only
the measurement of changes in heat rate but also the determina-
tion of the actual over-all performance of the turbine cycle. If
the problems were confined to changes in heat rate resulting from
deterioration in the performance of the various components, the
difficulty in measuring small values is minimized to some extent
because some of the errors in measurement may be fixed quanti-
ties which will cancel out. However, we are also greatly interested
in proving by actual test whether the performance levels of vari-
ous cycle components in relation to over-all heat rate have been
realized and thereby have justified the capital outlay in each in-
stance. A simple illustration will suffice.

In presenting examples of the application of the equations
derived by the author, both the accuracy and simplicity of such
applications are fully demonstrated. As an example, in applying
Equation [55], the heat rate of the complete reheat cycle without
interconnections is compared with the actual heat rate, and it is
shown that the latter is about 19 Btu per kwhr poorer because of
these interconnections and the use of a drain-cooler heater instead
of a contact heater. This loss is of the order of 0.25 per cent of
the actual heat rate. An attempt to measure such small numbers
by actual test is out of the question. In our theoretical study we
can substitute a drain cooler for a contact heater, calculate the
gain or loss to the cycle, and evaluate the economic justification
for the one or the other. However, having made the decision we
cannot afford to construct the plant by both methods in order to
determine the actual difference in performance. A test of over-all
cycle performance is our only tool, and the best accuracy we can
obtain is 440 Btu per kwhr when we are actually looking for 19
Btu per kwhr.

The problem is further aggravated by the fact that the actual
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performance of the various pieces of equipment in the cycle also
will vary from the original calculations. Seldom do any com-
ponents perform exactly as designed because it is not practical
to construet the equivalent hardware of the various cycle com-
ponents to match the theoretical computations exactly. Further-
more, each group of hardware such as heat exchangers, pumps,
turbine, and so forth, is bought on the basis of individual per-
formance guarantees. The basis of these performance guarantees
probably will not match exactly the values assumed in the heat-
cycle computations. Even though performance may be better
than guarantee in certain components, this may serve to aggra-
vate the problem of measuring the over-all cycle heat rate. As
an example, the turbine is designed to meet certain extraction
conditions which are rarely duplicated in actual service in terms
of the small heat values in which we are interested. Our only re-
course is to resort to a multitude of cycle corrections in order to
determine whether the guarantee has been met. These cycle
corrections merely remove us one or more steps further away
from the measurement of actual performance as found. The use
of the main turbine to drive the boiler feed pump adds still
another headache to the problem of cycle evaluation by testing.

Another factor which is rapidly becoming a major stumbling
block in attempts to reconcile actual performance with calculated
performance is the rapid deterioration in turbine heat rate which
occurs as a result of relatively minor deposits on the blades.
The cyecle gain in raising the throttle steam pressure from 1450 to
1800 psi is approximately 1.8 per cent. Based upon a number of
turbines tested, the results indicate that half of this (roughly 70
Btu per kwhr) may be lost within the first month owing to slight
films of deposits of the order of 2 or 3 mils.?

Although theoretical calculations of the contribution of each
component to the cycle heat rate are entirely valid for the assump-
tions made, the difficulty in determining how much is realized in
actual practice lies in the large number of variables which in-
evitably do not conform to these assumptions and the relatively
crude techniques available for testing. It has been shown already
that errors which are introduced in attempts to simplify the prob-
lem of testing, even though small, frequently represent a sizable
annual fuel cost. On the other hand, the author’s demonstration
of the extreme accuracy of his theoretical analysis is not only ap-
propriate but also substantiates some important conclusions in
his paper.

With further reference to the possible use of the methods set
forth in the paper for practical monitoring purposes, it also should
be pointed out that it is desirable to analyze the actual per-
formance of the heater chain as a component separate from the
main turbine or condenser. Such a breakdown is to be preferred
for a number of practical reasons when monitoring the deteriora-
tion of the various items of cycle hardware and in programing
corrective measures to restore the cycle to its maximum per-
formance. The author’s consideration of the low-pressure turbine
with its extraction heaters as one component and the high-pres-
sure turbine with the reheater and additional feedwater heaters
as another component does not appear to lend itself readily to
this approach. We are confident that the author is aware of
these difficulties, at least to some extent, and it is hoped
that these comments will serve to place additional emphasis upon
their importance as well as to establish in some degree a larger
perspective of the general problem.

H. H. Gorrie.® In recent years great interest has developed
in the continuous monitoring of the performance of boilers and

9 ““Observed Effects of Deposits on Steam Turbine Efficiency,” by
J. Angelo and K. C. Cotton, ASME Paper No. 57—A-116.

10 Vice-President, Bailey Meter Company, Cleveland, Ohio.
Mem. ASME.
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turbine cycles, because it presents one of the few remaining
economic opportunities for improving performance, year in and
year out.

The new approach to reheat-cycle analysis developed by the
author provides a means for ‘‘sectionalizing’’ the heat cycle for
the purpose of continuous-performance monitoring. This work
is particularly timely. The general acceptance of single boiler-
single turbine heat cycles makes continuous-performance monitor-
ing practical, and the present and projected size of generating
units makes it an economic necessity to know the relation between
day-to-day operating and design efficiency.

A potential advantage of the author’s concept as compared to
conventional fault-monitoring procedures lies in the manner in
which operating information may be displayed. It is practical
to apply analog-computer equipment that will display con-
tinuously the over-all cycle heat rate. Using the author’s concept
it may be possible to segregate and display continuously the per-
formance of the high and low-pressure sections of the turbine
cycle in a quantitative manner, for example Btu per kwhr.

By displaying these data as a deviation from test operation, the
operating personnel is made aware of deterioration in either the
reheat or low-pressure section of the cycle and can take immediate
action.

General acceptance of the concept of performance display can
only come from a demonstration of its accuracy as an index of per-
formance under all conditions of abnormality or deterioration in
efficiency of prime mover or auxiliary equipment. This requires
further work which currently is in process, and which will be
accelerated greatly by the practical application of continuous-
performance-monitoring equipment.

The author’s disposition of certain ‘“nuisance’’ factors such as
drains, leakages, and so forth, represents one method, but cer-
tainly is not the only method of accounting for these items.
Fortunately, however, these items come under the heading of
“bookkeeping’’ and seem to be of relatively small importance
when it is considered that the total effect of all such factors on the
heat cycle usually is about 1 per cent or less, and the utility of the
index is not affected as long as the same method is employed at all
times.

In the practical application of performance-monitoring equip-
ment to present-day heat cycles, these nuisance factors must be
““prescheduled’’ since they are numerous and difficult to measure.
Since the disposition of these items in the cycle affect the heat
rate to a minor degree, this gives rise to the thought that cycle
designers might well consider the disposal of leakages and drains
in such a manner as to simplify and improve the accuracy of con-
tinuous performance-monitoring techniques.

This thought is prompted by the philosophy that a slight de-
crease in design efficiency can be tolerated if means can be de-
vised to narrow the gap between the design heat rate and that
generally achieved in operation. A continuous display of per-
formance in the major sections of the heat cycle is the first re-
quirement in obtaining this goal.

The author is to be congratulated for his contribution and it is
hoped that his work may stimulate others to make a critical analy-
sis of power-plant heat cycles since a thorough knowledge of the
heat cycle with emphasis on the problems of continuous measure-
ment and computation is a prerequisite to any thought of auto-
matic optimization of generating-unit operation.

D. Nabow.!! The author has again emphasized the value of
sound analysis as a tool which the power-plant designer can use
in his continuing effort to build the economically efficient power
plant. His method is especially useful because it calculates frac-

11 Chief Engineer, Duke Power Company, Charlotte, N. C. Fellow
ME.
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tional percentage losses from the cycle parameter with an ac-
curacy which is within acceptable limits of the losses themselves.
This method permits study in depth of many phases of the cycle.
Thus for the 275/295-mw units for our Allen Plant units Nos. 3
and 4, a total of 22 different arrangements of drain coolers and
drain pumps have been studied for the seven heaters, and the
losses for each arrangement were determined in reference to the
“ideal cycle’’ consisting of contact heaters. The heat-balance
diagram shown in the author’s Fig. 2 was arrangement No. 13
with a loss of 0.15 per cent. The poorest arrangement, consisting
of seven heaters without drain coolers or drain pumps, showed
a heat rate loss of 0.81 per cent. The final evaluated and adopted
arrangement No. 17 with six drain coolers and one heater drain
pump on the No. 5 heater (HP heater No. 1) showed a loss of only
0.06 per cent.

Other cycle losses which have been evaluated include:

1 Loss in heat rate resulting from each degree of terminal dif-
ference at each heater and due to each 1 per cent pressure drop
in each extraction line.

2 Loss in heat rate as a function of drain-cooler effectiveness.

3 Distribution loss resulting from distértion from ‘‘equal
rise’’ distribution.

Within the suberitical range of operation we are approaching
a condition of narrowing horizons of performance gains which, in
the past, were made possible by use of larger size units and higher
pressures and temperatures. Larger size of units and rising fuel
costs make it necessary to attack every possible source of losses.
The author has given us an effective weapon for the attack on the
losses in the feedwater-heating cycle.

M. J. Steinberg.!’? This paper extends the analysis of power-
plant eycles to include the reheat cycle. To this extent the paper
is a most valuable addition to the available literature and gives
promise of becoming an important tool for the calculation of cycle
thermal performance and the evaluation of the effect of cycle de-
sign changes on the over-all performance of reheat cycles.

The author has introduced a new concept in method of ap-
proach by analysis of the effect of superimposing a reheat section
upon the nonreheat condensing section of the cycle. A review of
the mathematical analysis discloses no errors in fundamental
theory. Such simplifying assumptions as have been made are
considered reasonable in light of acceptable precision. The fact
that the author’s methods result in heat rates, as shown by Equa-
tions [68] and [59] of the paper, which vary by less than 0.5 Btu
per kwhr from the value derived by conventional methods of com-
putation, indicated in Fig. 2, is sufficient evidence of the effective-
ness of the author’s method.

It is noted with interest, however, that the author states in his
introduction that the method which he developed for analysis of
the nonreheat cycle has not hitherto been applied and is not
directly applicable to a reheat cycle. With respect to this state-
ment, we have been privileged to supervise a thesis!®* by two
students who did succeed in extending the author’s method of
analysis to include the reheat cycle. The material in the thesis
is too voluminous for inclusion herein, but it may be of interest
to describe generally how this was accomplished. First it should
be noted that the author’s method of application to nonreheat
cycles involves a three-step calculation:

1 The theoretical maximum gain due to regenerative feed

12 Division Engineer, Consolidated Edison Company of N. Y., Inc.
Mem. ASME.

13“A Method of Analysis for Steam Turbine Cyecles,” by S. M.
Brodsky and E. A. Cotty, a thesis submitted in partial fulfillment of
the requirements for the degree of MME at the Polytechnic Inst-
tute of Brooklyn, June, 1955.
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Table 1 Chart calculations of a 3F-1C-1F-1C-1F cycle for
1050 F/1050 F reheat; 1.5 in. Hg abs.
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numerical example. TFs = 1,335,000 1b per hr; 2015 psig;
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Fig. 5 Heat-balance diagram of

heating, referred to a nonextraction cycle, is calculated assuming
the use of an infinite number of contact heaters to heat the feed-
water to saturation temperature.

2 The fractional part of the theoretical maximum gain is
calculated by assuming an ‘‘ideal’’ cycle consisting of a finite
number of contact heaters or equivalent, with equal spacing.

3 The third step involves the approximation of losses due to
the departure of the actual cycle from the ideal cycle.

The approach used in the afore2mentioned thesis requires a two-
step calculation:

1 The calculation of the heat rate for a ‘‘basic’’ cycle. This
cyecle is the actual cycle with the assumption that no fluid leave or
enter the cycle, and the absence of steam leakages and reheater
bypass.

2 Correction of the basic cycle heat rate for such items as
steam leakage, introduction of make-up, pump work, generator
air coolers, and so forth,

a 3F-1C-1F-1C-1F cycle for example

Basically, the thesis outlines a method for determination of
flows which, together with appropriate enthalpy values, permits
application of Equation [3] of the paper. The flows are deter-
mined by the methods developed by the author with some modi-
fications in the interest of simplification. The calculation of the
flow through the reheater is rather simple and involves no com-
plicated formulas.

A sample calculation of the thesis method (Fig. 5 and Tables 1
and 2 of this discussion) applied to the reheat cycle of an actual
installation is included herein. A variation of 4.2 Btu per kwhr,
equivalent to 0.056 per cent, was obtained. Additional refine-
ments could reduce this variation although we consider this to be
unnecessary since the results are within acceptable engineering
precision without such refinements.

The availability of another method of approach does not de-
tract from the value of the paper, and we offer our congratula-
tions to the author for an excellent and original approach to the
problem.
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Table 2 Leakage and make-up adjustments of a 3F-1C-1F-1C-1F cycle for numerical example
La Lp Le¢ Lp L M es
Leakage flows byps to htr 4 to cond to SJAE Lg Lp Lg to htr 4 to hir 4 boiler
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2
3
4 Lines2 + 3
5
6

A. O. White.!* This paper adds another important contribu-
tion to the many that the author has made to the analysis of steam
power plants and their cycles. As such, it warrants careful study
to insure a thorough understanding of the principles involved and
application to investigations of reheat cycles.

The writer is pleased to see that the author has finally de-
veloped a strictly analytical method of handling reheat cycles,
since this is a problem that has bothered the author since he
published his paper, “The Steam Turbine Regenerative Cycle—
An Analytical Approach’’ (footnote 2b of the paper). The
method presented, while entirely consistent with his previous ap-
proach to thermodynamic cycles, is certainly a novel one, but
displays that insight which he has previously displayed, and
which is necessary to the solution of such problems. While the
point of view is almost the exact opposite of the conventional one,
it is a perfectly valid approach, and probably the only one possible
for the task the author set himself. We would be well advised to
become thoroughly familiar with it.

Anyone who takes the trouble can follow the reasoning and
the method quite readily, particularly if he is familiar with the
previous basic analysis. The writer believes the division of the
problems into the determination of an “‘ideal gain’’ and then the
‘‘realization factor,”” ;, based on the actual cycle arrangement is
useful, both in simplifying the analysis and providing an insight
into the effect of various parameters on a steam cycle.

Those who follow the example will agree that the method is
simple to apply and the accuracy completely adequate. It is to
be hoped that this analytical approach achieves general adoption
in the industry as its use will save untold man-hours of tedious
calculation in evaluating various cycles and cycle changes.

1t is hoped the author will be able to publish at some later date
further information on his work on performance monitoring.

Author’s Closure

Mr. Esteourt’s characterization of the method presented in the
paper as a ‘“‘building-block method’’ is appropriate. Work done
since presentation of the present paper further breaks the plant
down into smaller building blocks. This work is nearing com-
pletion and will be published at a later date.

The method of the paper is directed primarily at analysis of

14 Gas Turbine Department, General Electric Company, Schenec-
tady, N. Y. Mem. ASME.

© 0.692753
" 400 Ib/hr

924,425 b /hr

power plant cycles, for the purpose of performance monitoring,
rather than at the selection of a type of cycle; naturally, however,
it is applicable to both. The term ‘‘superposition’’ is a figure
of speech, not related to physical apparatus, but rather to the
process of thermodynamic analysis.

Mr. Estcourt’s good offices in bringing the principals together
in the current activity are well recognized and appreciated by
both. Provided the work that has been undertaken ultimately
is successful in yielding a satisfactory performance-monitoring
system, he will have performed a service of inestimable value to
the utility industry, in the author’s judgment. His continued
interest and encouragement are much appreciated.

The author agrees that one cannot test for a heat rate devia-
tion as small as 19 Btu, and moreover that one cannot afford to
undertake a complete installation to find such a magnitude by
test, even if it were possible. This represents a situation where
one must rely completely on analysis which, after all, is the
essence of good engineering. The theory by which such changes
in heat rate may be calculated is well established; the calculation
of differences of such small magnitude represents the calcu-
lation of a slope of the heat-rate curve, rather than the abso-
lute level of the heat rate itself. It is widely agreed that dif-
ferences calculated by analytical methods are sufficiently accurate
to permit the predicating of a decision on the installation of
equipment upon them. Such differences are accepted on the
same basis that “correction factors’’ are accepted, since these
also represent the calculation of slope, rather than absolute
magnitude.

The extension of the author’s work that currently is under way
is predicated on the monitoring of individual components of the
complete power plant system. Since each of these components
can be monitored with considerable accuracy, the entire plant can
be monitored with commensurate accuracy, since the total
deviation in plant heat rate obviously is equal to the sum of the
individual component, deviations, subject only to the root mean
square value of the error in the individual quantities. When &
single comprehensive test, such as the acceptance test, is used
as a reference level, the method provides a means for determining
changes in plant heat rate with great accuracy.

The extension of the present paper into monitoring of the
components nicely takes care of the problem of which Mr. Est-
court is apparently so acutely aware, namely, that the heater
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cycle does not normally operate in accordance with the cycle
assumptions used for guarantees. This is a widely recognized
problem. The current work, sponsored by the Bailey Meter
Company, is nearing completion and will be published after it
has been confirmed by numerous examples and test cases. It
also provides a ready means for checking the deterioration of
turbine performance that is mentioned by Mr. Estcourt.

Mr. Estcourt’s recognition of the ‘. . . large number of varia-
bles. . .”” and the complexity of the cycle is noted by the author
with great satisfaction. That the literally hundreds of pres-
sures, temperatures, enthalpies, flows, leakages, mechanical
and electrical losses, etc., can be monitored by an ABC system
is too much to expect. However, by using the ‘“building-block’’
approach and certain over-all criteria for each component of the
system, a considerable reduction in cost of equipment will be
accomplished.

To allay Mr. Estcourt’s concern, expressed in the last para-
graph of his discussion, it is reiterated that the present paper is
only the ‘“‘initial step.”” The original plan was to present a paper
on performance monitoring, but difficulties in presenting the
material lucidly developed, and it finally was concluded that
the present paper was necessary as a preamble to the performance
monitoring paper.

The second step has included from the start precisely the
approach mentioned, that is, the separation of performance of
the heater system from the turbine and condenser. It was, in
fact, because of the obvious need for such a breakdown that the
present paper was written—to first break the plant down into
two large pieces. The present effort further breaks these large
pieces down into smaller ones.

The author is in general agreement with Mr. Gorrie’s state-
ments. While it is true that the nuisance items come under the
heading of “bookkeeping,” nevertheless the utilities can afford
to do much bookkeeping for 1 per cent in efficiency at present
prices. All efficiency studies and evaluations are essentially
bookkeeping, anyway.

The author has discussed with Mr. Gorrie the matter of dis-
position of leakages in such a manner as to improve the accuracy
of performance monitoring. Such an approach is highly de-
sirable if no loss is incurred. On the other hand, if such re-
arrangement of the secondary flows of the system requires that
we accept a “‘built-in’’ loss that is present for the life of the plant,
it will be necessary to demonstrate in each specific instance that
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the possibility of better monitoring will more than offset the
built-in loss. That is, the author’s plea is for the best possible
design efficiency consistent with the economics, without com-
promise for convenience except in those instances where a profit
can be demonstrated. High design efficiency is a sine qua non
of an efficient plant—monitoring can do no more than assist in
maintaining a high level of efficiency—it cannot raise the level.

The author wishes to pay public tribute to Mr. Nabow for his
keen appreciation of the value of careful and precise analysis
and evaluation of power plant cycles, as demonstrated over the
author’'s many years of association with him. His primary
criterion, aside from the practicability from an operating stand-
point, has always been economic evaluation of the many alter-
natives that invariably are available to the designer. The
author undertook the work described in his discussion with
recognition that decisions depended upon the results—a most
satisfying environment that calls forth one’s best efforts.

Mr. Steinberg’s support of the author’s work over at least
seventeen years deserves, and is hereby tendered, the author’s
deepest gratitude. He has not only taught a series of graduate
courses from the author’s book, but he has diligently encouraged
promising students to extend the work into new areas, of which
his discussion is one example. Mr. Steinberg’s devotion to such
work represents one means for combating the current complete
apathy on the part of mechanieal engineering students in the
field of steam power plants. The author feels that it is incum-
bert on the utilities, universities, and trade associations to
overcome this apathy if we are to avoid finding ourselves with-
out adequately trained people in the not too distant future.

Mr. Steinberg’s continued interest and valuable contributions
in the author’s current effort to extend the principles of his
earlier work to cover performance monitoring are solicited.

The author is appreciative of Mr. A. O. White’s kind words,
particularly because, as his former associate, he regards him as
his most competent critic and the only one with sufficient tenacity
to wade through the manuscript of footnote 2(a) of this paper.

The absence of a solution by the author of the reheat cycle
analysis problem has resulted from his diversion by less important
matters in the intervening years, and the lack of an incentive as
challenging as the performance monitoring problem. With this
as an objective, the present work will be extended into areas that
will require the present paper as a foundation for the additional
analysis.
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