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INTRODUCTION

The energy in the exhaust of a jet engine is immense. To illus-
trate, with an assumption of only a 25% conversion efficiency, the
thermal energy in the exhaust of a J79 engine running at intermediate
power is tantamount to the energy required to generate about 280,000 lb/hr
of 150-psi steam. To provide a perspective for this magnitude: the
average peak steam consumption of the entire Naval Air Station (NAS),
Miramar, Calif., on a winter day, is about 35,000 lb/hr.

New jet engines and engines undergoing maintenance or repair are
examined in test cells* prior to operational use. In these test facil-
ities, the jet energy is "wasted"; the jet exhaust is diluted and dis-
charged to the atmosphere. Yet, test cells, by their confining geom-

etry, provide an opportunity and, if waterwalls are installed or if heat
exchangers are located somewhere in the path of the jet, possibly a
means of obtaining part of a vast energy supply.

Operation of Test Cells

Jet engine test facilities have multiple functions: to supply a
clean, distortion-free airflow to the engine inlet; to attenuate noise
and chemical pollution by the jet; to decrease the kinetic energy of the
jet exhaust; and to cool the exhaust sufficiently before dumping either
to the atmosphere or to acoustical or environmental treatments.

Although the physics of test cells is extremely complex, their
concept is simple; the jet exhaust entrains the cooler surrounding air,
losing its energy to this secondary flow, which it carries along through
the augmenter. This concept is shown schematically on Figure 1.

The actual mass flow rate of the augmentation airflow is important
to the functions of the test cell. Too little augmentation airflow:
(1) allows the exhaust gas to recirculate back around to the engine
inlet, resulting in hot spots and performance degradation; (2) allows
the test cell to heat up; and (3) also results in an excess density of
visible emittants, possibly violating Ringelmann number restrictions.
Too much air entrainment induces excessive pressure gradients along and
across the test cell augmenter, creating structural problems. Too much
augmentation airflow can also cause errors in engine thrust measurements
(Ref 1).

*No distinction will be made between hush houses, where the engine remains

mounted on the aircraft, and test cells, where the engine is tested off
the aircraft.
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Scope

For several reasons, very little thought has been given to test
cell energy recovery.* First, jet engines are rarely tested for long
durations. A few hours per day of test cell usage is maximum. Second,
the dilution of the jet exhaust with the augmentation air decreases
temperature gradients and, therefore, the potential for heat transfer
from the exhaust. Even a 25% energy conversion efficiency is unlikely
with most test cells. Finally, there are side effects to energy recovery
that affect the ability of a test cell to perform its functions.

Waterwalls will decrease jet exhaust temperatures, beginning exactly
at the nozzle. The environmental ramifications are, generally, bad. If
combustion was complete, lower gas temperatures would decrease equilib-
rium concentrations of both NO and CO. At the higher power settings,
however, combustion continues out into the augmenter. (Afterburning
jets exhaust as much as 10% of their fuel (Ref 1).) Premature cooling
of the exhaust will slow any combustion reactions still taking place.
Unburned hydrocarbons, carbon monoxide, even raw fuel, could be carried
into the atmosphere. The effect on particulates is uncertain; it can be
presumed that changing the combustion chemistry will change the parti-
culate concentration.

Lowering gas temperatures also changes the flow characteristics of
the jet, changing kinetic energy, noise generation, and augmenter pres-
sure gradients.

Some side effects of augmenter energy recovery are beneficial.
Waterwalls will eliminate burnout problems of the liners and acoustic
pads. Waterwalls will also decrease structural thermal shock by damping
out temperature fluctuations at startup, shutdown, and while changing
power settings.

Convection, water tube heat exchangers located close to the nozzle
will introduce the same problems as waterwalls. In addition, the pres-
sure gradient across the device could induce engine back pressure prob-
lems. Convection heat exchangers located further down the augmenter
tube will have little effect on augmenter gas temperatures, but high
engine back pressures still have to be faced.

Regardless, such a large energy source should be investigated.
This report summarizes the first step: an analytical study of the
economics of test cell energy recovery. The study is limited to thermal
energy recovery; other forms of energy, such as kinetic energy, are not
included. Side effects are also neglected. The analyses of the side
effects will be lengthy; if test cell energy recovery is not economi-
cally feasible, an examination of side effects is moot.

Both steam and electricity are considered as products of energy
recovery--steam directly and electricity off a Rankine cycle. Four pos-
sible heat exchanger** configurations are analyzed (see Figure 1):

*FFV, the Swedish aerospace company, has done some work in this area,

including the construction of a small energy recovery system.

**The terms "heat exchanger" and "boiler" will be used interchangeably.
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1. Convection, water tube heat exchanger located in the exhaust
path at the augmenter exit

2. Waterwalls located near the augmenter inlet where the primary
mode of heat transfer would be radiation

3. Waterwalls located near the augmenter exit (for this configu-
ration, the primary mode of heat transfer would probably be
convection)

4. Convection, water tube heat exchanger located near the nozzle
of the engine

The plan-of-attack is to select several test cells in the San Diego
area, evaluate their energy recovery potential, and then generalize the
results, reinforced with parametric studies.

TEST CELL SIMULATION

The major burden is determining how much heat can be transferred
from the jet exhaust to waterwalls or to a water tube heat exchanger.
Once determined, steam generation and, subsequently, the economics of
energy recovery can easily be computed. Sizes, shapes, wall construc-
tions, and flow rates of test cells are almost limitless. The obvious
approach to the analyses is to formulate and utilize a flexible mathe-
matical model.

The complexities in modelling test cells are manifest. Re-examine
Figure I and consider the following augmenter characteristics: multiple,
nonconcentric flows, each at a different velocity; turbulence; flow
separation; all three modes of heat transfer, simultaneously; extreme
changes in temperatures and, thus, variable properties; and nonsymmetric,
three dimensional geometries. In addition, some tests are of short
duration, resulting in a highly transient situation. These complexities
lead to a transient nonlinear problem with coupled energy, mass, and
momentum transfer. Numerical techniques are necessary.

Even so, to make a test cell simulation attainable, assumptions
must be made. The first assumption is to restrict the analyses to the
augmenter duct. Jet and augmentation flows are treated as boundary
conditions. For this present work, the emphasis is on heat transfer.
The modelling tactics will be to describe fluid flow empirically but use
first principles to determine heat transfer rates. With this in mind,
the following additional assumptions are made:

1. Flows are one-dimensional, passing through a cylindrical

augmenter

2. Steady state, steady flow is stipulated

3. Both the jet and augmentation air are ideal gases

3



4. Flow within the jet and within the augmentation air can be
considered turbulent and perfectly mixed

5. Pressure gradients along the augmenter are negligible compared
with temperature gradients and can be neglected

6. The jet nozzle is located exactly at the inlet to the augmenter
tube

7. The augmenter walls are black, the jet is gray, and the aug-
mentation air is transparent to thermal radiation

8. Axial radiation along the jet has a negligible effect on
temperatures; all radiation is from jet to wall or from wall
to wall

9. Heat transfer between the jet and the augmentation air is
negligible compared with enthalpy changes due to mixing

10. Radiation from the jet to any heat exchanger located past the
augmenter exit is negligble

Jet flow through the augmenter is empirically modelled using the
curve fits of Becker et al. (Ref 2). Their data are from cold jets, and
their test rig is smaller than test cells, necessitating some modification
to the empirical constants. Specifically, Becker's relationships have
been adjusted to be able to predict the arrival of the jet to the wall
at locations observed experimentally at the hush houses, NAS Miramar
(Ref 3 and 4).

To model the heat transfer, the augmenter tube is divided into
axial segments, with the jet, augmentation flow, and inner and outer
liners considered as separate sections. Temperature is assumed constant
throughout each section-segment. Flows are perfectly mixed. Conserva-
tion of energy is then applied to each segment of each section, and the
resulting equations, along with the equations of continuity, are solved
simultaneously to determine temperatures and heat fluxes along the
augmenter assembly. Due to the nonlinearities, an iterative technique
is necessary; the Gauss-Seidel method, with relaxation, is employed for
this purpose.

A detailed derivation of the model, including a discussion of the
assumptions and the accuracy of the simulation, is enclosed as Appendix A.

ENERGY RECOVERY ECONOMICS

By supposition, a waterwall or a convection, water tube heat exchanger
is added to the augmenter. Once potential test cell steam (or electricity)
generation has been determined, its accumulated value is computed and
compared with the initial cost of the waterwalls or water tube boiler,
i.e., a savings-to-investment ratio (SIR) is calculated.

Appendix B includes a description of the relationships used to
calculate SIR.

4



SAN DIEGO TEST CELL ENERGY RECOVERY

Five test cells located in the San Diego area are examined to
determine their potential for energy recovery. These cells are selected
to provide a variety of sizes and applications, ranging from a hush
house down to a 2-foot-diam cell used for testing helicopter engines.
Specifications and operating characteristics are summarized in Appendix C.

For these sites, energy is recovered in the form of 3501F saturated
steam.* The energy recovery potential of each cell is illustrated by
means of two figures. First, the accumulated present value of the
generated steam is plotted against the economic life of the steam gen-
eration equipment. A Navy average is used for the value of the steam.
Predictions of discount and escalation rates are employed (Ref 5). The
second approach is to estimate the cost of the energy recovery equipment
and plot the energy recovery potential as an SIR (again against the
economic life of the equipment).

Hush House No. 1, NAS Miramar

Figures 2 and 3 show the potential for energy recovery in the
NAS Miramar Hush House No. 1. The augmenter is large and approximately
elliptical, with an overall length of 90 feet and a cross-section minor
axis of about II feet. A water tube boiler at the augi"enter exit
(Configuration No. I of Figure 1) and both waterwall configurations are
examined. These figures reflect testing of both the TF30 (F-14A) and
J79 (F-4) at intermediate or afterburning. Although other engines are
tested, the TF30 and J79, together, account for about 75% of the total
hush house usage.

To summarize: the generation of steam in this facility is not
economically feasible. Waterwalls produce very little steam and, in
addition, generate this small amount very uneconomically. A large water
tube heat exchanger, such as the 220,000 ft2 device studied here, can
generate plenty of steam during afterburning (A/B), as much as 95,000 lb/hr,
but A/B testing is limited, and these large boilers are very expensive.
This particular heat exchanger's estimated cost is about $6 million;
thus, the SIR is low.

"A" Test Cell, NAS Miramar

The NAS Miramar "A" test cell, with an augmenter cross-sectional
diameter of about 6 feet, can be classified as a "mid-sized" facility.

The economics of thermal energy recovery from this test cell is
summarized on Figures 4 and 5. Waterwalls located near the augmenter
inlet are not economically feasible. Waterwalls placed along the last
20 feet of the augmenter, however, are feasible although the steam
generation is low (see Figure 4). For this configuration, the SIR
reaches one after about 22 years. Water tubes placed near the augmenter

*Steam generation at 350°F, 138 psia is assumed throughout this work.
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exit are economically feasible, and the steam generation rate is high,
averaging 480,000 lb/hr at A/B and about 40,000 lb/hr at intermediate
power settings. The SIR reaches one after 7 years.

Steam loads at NAS Miramar average about 30,000 lb/hr. Therefore,

480,000 lb/hr is considerably more steam than the base can consume.
Thermal energy is not easily stored; a customer for the excess steam is
necessary. If not found, much of the steam generated during A/B testing
would not be used, and the above water tube SIR is inflated.

The TF30 is the only engine tested, yet this cell has had a very
high frequency of A/B testing - 62.6 total hours in 1982 - and this
accounts for much of the positive energy recovery economics. The
practicality of installing some type of energy recovery system depends,
to a very large extent, on continuing this schedule into the flit o.

Test Cell II, NARF North Island

Test Cell 11 is a small cell used to test the T58 helicop engine.
The diameter of the augmenter is about 2-1/2 feet; its length ' feet.

Figures 6 and 7 summarize the energy recovery capability is
cell. Again, the installation of waterwalls is not economically feasible.
The use of water tubes placed at the exit to the augmenter is economic-
ally feasible, with the SIR reaching one after 10 years. Approximately
8,000 lb/hr of steam is generated in a 6,600 ft2 water tube heat exchanger,

*only a dribble compared with the steam load at NAS North Island.

Test Cell 14, NARF North Island

Test Cell 14 is a mid-sized facility used, primarily, to test the
J79 gas turbine engine. The specifications of this cell are similar to
those of the NAS Miramar "A" test cell.

The economics of energy recovery from cell 14 are illustrated by
Figures 8 and 9. This cell is used infrequently, and any form of energy
recovery is economically unfeasible.

Test Cell 19, NARF North Island

Test Cell 19 is also a mid-sized cell used to test the J79. It has
an augmenter cross-sectional diameter of about 8 feet with a length of
almost 80 feet.

Figures 10 and 11 show the potential for energy recovery in Test
Cell 19. Both waterwalls and water tubes are economically marginal
(i.e., within possible error in estimating the cost of the equipment).
The steam generation rate is moderate. A 115,000 ft2 water tube boiler
will generate an average of 20,000 lb/hr of steam during intermediate
power tests and about 310,000 lb/hr during A/B.

A comparison with the NAS Miramar "A" test cell is informative.
Although Test Cell 19 is used more frequently, 210* hr/yr compared with
about 135 hr/yr for the Miramar test cell, much less energy recovery

*Intermediate and afterburning only. Idle and part power settings do

not produce temperature gradients high enough for thermal energy
recovery and are not considered.
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potential exists. The J79 exhausts somewhat less than tLhe TF30, but the
major difference is the low A/B testing, only 18 hr/yr in Test Cell 19
compared with more than 62 hr/yr in the Miramar "A" test cell.

PARAMETRIC STUDY OF TEST CELL ENERGY RECOVERY

A perusal of the five cells just analyzed plus the others described
in Appendix C suggests that the test cells can be segregated into three
size categories for parametric examination: large, mid-sized, and
small. The distinction is based upon augmenter diameter. Large test
cells will be represented by NAS Miramar Hush House No. I, mid-sized
cells by the NAS Miramar "A" test cell, and small cells by NARF North
Island Test Cell II.

Again, both the acciumulated present value of the steam and SIR will
be used as measures of feasibility. Perhaps somewhat redundant, the
value of the steam is art indication of steam generation magnitudes while
SIR is an indication of economics. Both figures are included also for
documentation purposes. They can be used to evaluate test cells not
specifically covered.

Large Test Cells

It was not emphasized in the discussion of NAS Miramar Hush House

No. 1, but energy can be recovered in the large test cells, by water-
walls or by downstream water tubes, only durii , afterburning tests. All
other engine power settings are nonproductive. This is illustrated by
Figures 12 and 13, which isolate the energy recovery capabilities of the
different power settings. Augmenter exit water tubes are 'mployed in
these figures. This is the most efficient energy recovery configuration
for Hush House No. 1. Note that some of tne hush houses are capable of

simultaneously testing two engines.
Although the A/B steam generation rate is potentially high, perhaps

100,000 lb/hr while testing the TF30, the total hours of A/B testing is
very low. A testing frequency of 180 hr/yr, or an average of 0.5 hr/day,
was assumed for Figures 12 and 13. This schedule is characteristic of
intermediate power tests in the San Diego cells, but afterburner tests
are conducted less frequently and are of a much shorter duration. An
A/B test frequency of 30-40 hr/yr is a better estimate, thus, a 25-year
SIR of 0.1, rather than 0.5 (see Figure 13).

The absence of any potential for energy recovery during gas turbine
intermediate power tests can be attributed to the high augmentation air
flow rates inherent in the large test cells. Augmentation air flows are
typically 1,200 to 1,500 lb/sec compared with 400 to 500 lb/sec through
mid-sized cells. The engine exhaust is cooled down to about 2000 F by
the time it reaches the wall; it is even cooler when it reaches the
augmenter exit. At this temperature, the exhaust cannot, of course, be
used to generate 350*F steam.

Energy recovery will never be economically feasible in the large
test cells unless a system capable of recovering energy during inter-
mediate power testing is employed. Either of two methods can accomplish
this:

7



1. Recover the energy from the gas turbine exhaust before it is
mixed with the augmentation air and cooled

2. Transfer the energy from the 200*F exhaust/air mixture to some
highly volatile working fluid and use this fluid to generate
electricity

The first method requires placing the heat exchanger up near the
nozzle of the engine, Configuration No. 4 of Figure I. Figures 14
and 15 parametrically examine this configuration when employed on large
test cells. Figure 14 shows the potential of a 500 ft2 heat exchanger.
Approximately 85 2-inch-diam water tubes stretch across the augmenter
just behind the test engine, probably near the maximum niumber of tubes
that could reasonably be placed there. Note that it takes an average of
4 hr/day of testing to make this heat exchanger feasible.

Figure 15 sets the daily test cell operation at 0.5 hr/day and
illustrates the effect of increasing heat transfer area (i.e., increas-
ing the number of water tubes). It takes about 4,000 ft2 of surface
area to be economically feasible.* This is equivalent to 700 tubes
stretched across the augmenter. In addition to the design problems
innate to this configuration, the pressure drop across 700 tubes would
probably induce unacceptable engine back pressures. Configuration No. 4
is rot workable.**

The second method of recovering energy, employing a working fluid
with a low boiling point to generate electricity, is the topic of a
subsequent sect ion.

Mid-Sized Test Cells

The examination of the San Diego cells, particularly the NAS Miramar
"A" test cell, showed that energy recovery in mid-sized test cells could
be economically feasible with a favorable test schedule. Stear can be
generated from the exhaust of gas turbines tested at intermediate power
in mid-sized cells. Augmentation air flow rates are moderately low, and
the exhaust temperature is still about 400*F to 450°F when it reaches
the augmenter wall.

Both water tubes and downstream waterwalls can generate steam; but
the upstream waterwalls (Configuration No. 2) are of no use. Radiation
from jet to the upstream walls is maximum; however, convection heat
transfer from these walls to the cold augmentation air is also maximum
(see Figures A-4, A-5, and A-6). There is little net heat transferred.

Figures 16 through 19 parametrically show the potential for energy
recovery from engines being tested at intermediate power in the mid-sized
cells. A comparison of Figures 16 and 17 with Figures 18 and 19 discloses
the superiority of the water tubes over the waterwalls. Figures 16

*Probably more since the cost of the heat exchanger was not increased

with heat transfer area.
I

"*The mid-sized and small test cells already have the potential to

generate steam at intermediate. For them, there is no need to
consider such a radical configuration.



and 18 show the water tubes generate about 60 times more steam (actually,
40,000 lb/hr compared with only 700 lb/hr by the waterwalls). Figures 17
and 19 show the water tube c( figuration has an SIR about four times
higher. The superiority of water tubes exists with all sizes of test
cells and can be attributed to the smaller heat transfer surface area of
the waterwalls.

Yet, for even the downstream water tube heat exchanger to be econom-
ically feasible for mid-sized test cell energy recovery, about I hr/day
of intermediate testing is required. This frequency, 365 hr/yr, is
about twice the usage averaged by the San Diego facilities. More than a
trace of A/B testing is still required in order to make energy recovery
feasible.

A huge amount of steam can be generated when gas turbines are
tested at A/B power settings in a mid-sized cell. Figure 20 is analogous
to Figure 17 except that the engines are being tested while afterburning
rather than at intermediate. Examining these two figures together is
enlightening. They show the combinations of intermediate and A/B testing
that, roughly, make energy recovery feasible in mid-sized cells, for
example, 0.5 hr/day (180 hr/yr) of intermediate power testing with an
SIR of about 0.3 after 25 years combined with 0.05 hr/day (18 hr/yr) of
A/B testing with an SIR of about 0.7.

Small Test Cells

Energy recovery in small test cells involves different limitations
than energy recovery in the larger cells. There is little or no augmen-
tation air; therefore, temperature gradients are higher. However,
engines tested in these cells are much smaller; there is much less
thermal energy available for steam generation. Also there is no after-
burning. It follows that steam can usually be generated in these cells
but not very much of it.

Figures 21 and 22 summarize the energy recovery poLential of small
test cells. Steam is being generated at a rate of about 8,000 lb/hr.
The 25-year break-even SIR occurs when test cell usage reaches about
36 hr/yr. A steam generation rate of only 8,000 lb/hr for perhaps 1/2
hr/day would not contribute much toward satisfying the steam load on the
base and, despite any favorable SIR, would not warrant the tribulations
involved in maintaining the boiler.

Thermal energy recovery in small test cells might become more
attractive if several of them could be combined. The steam generation
rate would not improve, unless several cells could be scheduled for
testing at the same time, but the steam output would be steadier, and
the total steam contribution much higher (for example, cells 9, 10, II,
and 12 at NARF North Island are all within a space of 60 feet and could,
conceivably, all be ducted to a single heat exchanger).

ENERGY RECOVERED AS ELECTRICITY

The energy recovery analyses presented to this point were conducted
with steam as the product. Electricity could also have been produced.
Local conditions might make one or the other more valuable at a particu-
lar site, but, by using Navy averages for the values of energy, supply

9



and demand can be expected to prevail. Similar results would be antici-
pated from similar analyses using either steam or electricity as the
product of energy recovery.

Two situations have been encountered, however, in which the genera-
tion of electricity would seem to be preferable. The first occurs when
trying to recover energy from a large cell testing a gas turbine at
intermediate power. Engine exhaust temperatures, diluted by the high
augmentation air flow, are too low to generate 3501F steam. Since
energy recovery during intermediate power testing is essential if the
concept is to be economically feasible, some other product must be
found. It was suggested that the energy in the jet exhaust could be
transferred to some highly volatile working fluid (at high pressures but
low temperatures) and this fluid expanded through a turbine to generate
electricity.

The second situation in which the generation of electricity would
appear to be preferable occurs during A/B testing in mid-sized cells
located on the smaller Navy bases. The problem is excess steam. If a
large water tube boiler is employed, as much as 500,000 lb/hr of 350*F
steam can be generate(] from the exhaust of a TF30 during afterburning
tests. This is more steam than many facilities can consume. Yet, for
energy recovery to be feasible in mid-sized cells, the energy of after-
burning engines must be utilized. Either the steam must be stored or a
customer found for the excess. Neither is practical. Thermal energy is
not easily stored, and potential customers for the steam would probably
not be interested in such an erratic, unpredictable source. The genera-
tion of electricity rather than steam may be a solution to the problem.
Many utility companies will buy (or compensate for) electricity gener-
ated locally.

Thus, the feasibility of energy recovery in the form of electricity
is examined for the large and mid-sized test cells. These analyses are
conducted by again employing the numerical model. It is assumed that
electricity will be generated off a Rankine cycle, with energy supplied
from the jet exhaust through waterwalls or through a water tube heat
exchanger. A hypothetical organic fluid is substituted for the steam*;
otherwise, the analyses are identical to previous efforts. The heat
transfer efficiency is inherent in the model. Efficiencies of the other
Rankine cycle components are stipulated,

rlpump = 0.75

qturbine = 0.85

rigenerator = 0.90

and multiplied by the energy recovered from the exhaust to provide a
magnitude for electricity generation.

*The organic fluid is assumed to vaporize at 120*F with a heat of
4vaporization of 145 Btu/lb.

10

-- " . . . i _.. .___. ..



Figures 23 and 24 show the potential for energy recovery, as elec-
tricity, from jet engines being tested at intermediate power in the
large cells. An improvement over steam is shown as would be expected
(energy recovery in the form of 350*F steam was negligible). The
improvement is small, however. A 25-year break-even requires a 4 hr/day
intermediate power test frequency, about eight times the average of the
San Diego cells. Too much A/B testing is still necessary in order to
make energy recovery economically feasible in tlhe large cells.

The generation of electricity in mid-sized cells shows somewhat
more promise. When testing at intermediate, there is little difference
in the economics of energy recovery with electricity or with steam as
the product. Figures 16 and 17 can be used to evaluate energy recovery
within reasonable accuracy. With the working fluid assumed* for this
study, the generation of electricity from the energy in the exhaust of
afterburning engines is less favorable. Figures 25 and 26 show the
potential for generating electricity in mid-sized cells testing engines
at A/B. The SIR for electricity generation is roughly one-third the SIR
calculated for an analogous system generating steam. Still, the energy
recovered as electricity from afterburning engines is equivalent to the
energy required to gencrate 160,000 lb/hr of steam. This is quite
significant if all this energy car now be used.

Economic feasibility is determined by energy recovery during both
intermediate and afterburning tests. An example was provided earlier to
illustrate the feasibility of energy recovery as steam in mid-sized
cells. It is informative to repeat this same example with electricity
as the product. Generating steam, 0.5 hr/day of intermediate testing
combined with 0.05 hr/day of afterburning tests yields an energy recovery
SIR of one after 25 years. Generating electricity (from Figures 17
and 26), 0.5 hr/day of intermediate testing must be combined with
0.15 hr/day (54 hr/yr) of A/B testing to yield the same SIR.

The generation of electricity in the NAS Miramar "A" test cell, a
cell with a high frequency of afterburning tests, would be expected to
be feasible, and it is. This cell is used an average 0.2 hr/day
(72.9 hr/yr) for intermediate power tests, yielding an SIR of 0.25 after
25 years; and used approximately 0.17 hr/day (62.6 hr/yr) for A/B tests,
yielding an SIR of 0.85. Thus, the total savings-to-investment ratio
reaches about 1.1 after 25 years.

CONCLUSIONS

Thermal energy recovery is not economically feasible in hush houses
and large test cells. The augmentation air flow rates are very high,
rapidly cooling the engine exhaust and eliminating temperature gradients
necessary for steam generation. Electricity generation off an organic
Rankine cycle, although economically better, still requires too much
test cell usage to be feasible.

*The selection of an optimum organic fluid is itself a major task,

the choice varying with cell geometry, test schedule, and other
conditions.
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Energy recovery in most small test cells is unfeasible. These
facilities are normally used for testing a single class of gas turbine;

the hours of operation are limited. Even if the SIR is favorable, the
engines are small and steam or electricity generation is so low that it
would not be worth the effort. An exception might occur if energy
recovery systems for several small cells could be combined (e.g., ducting
the augmenter exit gases of several cells to a single heat exchanger).

Energy recovery in the mid-sized cells is marginal, with the feasi-
bility depending upon cell usage and energy loads. Steam generation
rates can be excellent because augmentation flows are lower than in the
large cells, yet mid-sized cells are often used for testing the larger
engines. If the Naval facility is small, steam generation rates may
even exceed the steam demand, particularly when testing afterburning.
When this occurs, the generation of electricity is an alternative to be

considered.
A water tube boiler located outside the augmenter exit, Configuration

No. I of Figure 1, is the only practical choice for an energy recovery
heat exchanger. Augmenter waterwalls and water tubes inside the augmenter
have too small a heat transfer surface area. The steam generation
potential is much too low.

COMMENTS

Boiler design problems have not been examined, but they will tend
to discourage thermal energy recovery. Boilers do not function particu-
larly well when subjected to cyclic operation. Not only is the incessant
mechanical expansion and contraction of the pressure components a diffi-
cult design problem, but the water swell occurring at each start up
presents a control problem and certainly results in a significant quantity
of boiler water wastage. Tube or waterwall chemical corrosion can be

expected. Surface erosion is also probable. A gas velocity of 150 ft/sec
is about the practical limit that the heat exchanger components could
withstand. If the heat exchanger is outside the augmenter, the engine
exhaust can be slowed to acceptable velocities before entering the
device. For waterwalls and for water tubes inside the augmenter, heat
transfer surface erosion would be a very serious problem. In addition,
water tubes inside the augmenter would have to withstand blasts of
3,000°F exhaust whenever afterburning tests were conducted.

Although not intentionally included in these analyses, some knowledge
of potential side effects was acquired as a byproduct of the heat transfer
calculations. The only energy recovery configuration that has a signifi-
cant effect on flow characteristics inside the augmenter is upstream
water tubes (Configuration No. 4 of Figure 1). It is unlikely that this
configuration will ever be employed; the design problems are presumably
insurmountable. Very little energy is removed from the jet by water-
walls, and side effects will probably be negligible (compare stack gas
temperatures on Table I with and without waterwalls). The downstream
water tubes, Configuration No. I, have an appreciable effect on flow
characteristics, but only outside the augmenter tube.* Thus, side
effects to test cell energy recovery may not be a major factor.

*The effect on engine back pressures could still be a problem.

12
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Stack gas temperatures are another byproduct of the heat transfer
calculations. Table I summarizes the effect of energy recovery boilers
on the temperature of the jet exhaust. As suggested above, the effect
of the waterwalls is very small. Convection, water tube configurations,
however, significantly lower stack gas temperatures, a beneficial side
effect when further environmental or acoustical treatments are necessary.

REFERENCES

1. D.L. Bailey. An analytical and experimental analysis of factors
affecting exhaust system performance in sea level static jet engine test
facilities, Naval Postgraduate School, Aeronautical Engineer Thesis.
Monterey, Calif., Dec 1972.

2. H.A. Becker, H.C. Hottell, and G.C. Williams. "Mixing and flow in
ducted turbulent jets," Ninth Symposium (International) on Combustion,
Ithaca, N.Y., 27 Aug to I Sep 1962, pp 7-20.

3. Aero-thermo and acoustical data from the post-construction checkout
of the Miramar No. 2 and El Toro hush houses, Southern Division, Naval
Facilities Engineering Command, Contract Report. Mineapolis, Minn.
Fluidyne Engineering Corp., Apr 1979. (Contract No. N62467-77-C-0614)

4.. A study of structural failures in the hush houses at NAS Miramar,
Southern Divisioni, Naval Facilities Engineering Command, Contract Report.
Minneapolis, Minn., Fluidyne Engineering Corp., Jul 1982. (Contract
No. N62467-81-C-0582)

5. Life-cycle-costing manual update, National Bureau of Standards,
Handbook 135. Washington, D.C., Jun 1982.

6. R. Siegel and J.R. Howell. Thermal radiation heat transfer, 1st ed.
New York, N.Y., McGraw-Hil], 1972.

7. Y. Kang, K. Suzuki and T. Sato. "Convective heat transfer in an

axisymnetric confined jet," Studies in Heat Transfer, 1st ed. J.P. Hartnett,
et al., Editors. New York, N.Y., McGraw-Hill, 1979.

8. W..H. McAdams. Heat transmission, 3rd ed. New York, N.Y., McGraw-Hill,
1954.

9. J.O. Hirschfelder, C.F. Curtiss, and R.B. Bird. Molecular theory of
gases and liquids. New York, N.Y., John Wiley and Sons, 1964.

10. B. Hausknecht. Jet engine test cell augmenter survey, Naval Air
Rework Facility, North Island, Aircraft Environmental Support Office,
Memorandum Report No. 833. San Diego, Calif., Mar 1983.

11. Particulate emissions test program; jet engine test cell 19, Naval
Air Rework Facility, North Island, Aircraft Environmental Support Office,
AESO Report No. 110-08-81. San Diego, Calif., Oct 198).

13



12. Emissions data from a J79-GE-10, Naval Air Rework Facility, North
Island, Aircraft Environmental Support Office, AESO Report No. 101-741.
San Diego, Calif., Mar 1974.

13. Particulate emissions test program; turbofan jet engine test cell

facility; Cell A, Naval Air Station Miramar, Aircraft Environmental
Support Office, AESO Report No. 110-01-82. San Diego, Calif., Mar 1982.

1

14



NOMENCIATURE

A Surface area

C Specific heat

Ct  Craya-Curtet Number, Equation A-)

COST Assumed value of steam, Equation B-1

D Diameter

DEQV Equivalent diameter

DISC Discount rate

e Boiler effectiveness

ESC Escalation rate of the cost of steam or electricity, Equation B-2

F, FI Radiation shape factors

h Enthalpy

h Convective heat transfer film coefficient

k Coefficient of thermal conductivity

A Mass flow rate

AH Augmentation flow entrained by the jet

| PRICE Initial cost of waterwalls or heat exchanger, Equation B-3
I

PV Present value

q COND Conduction heat transfer

q CONV Convection heat transfer

q RAD Radiation heat transfer

q STM Heat transferred from jet and augmentation airflow to the steam

r* Ratio of jet nozzle area to cross-sectional area of augmenter,
Equation A-I

R Radius

R(Z) Radius at distance Z from the augmenter inlet
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SIR Savings-to-investment ratio, Equation B-3

T Temperature

TIME Average utilization of the test cell, Equation 0-I

UA Product of boiler overall heat transfer coefficient and heat
transfer area

VALUE Value of the steam or electrictiy generated

V Velocity

Z Distance from the augmenter inlet

a Radiation absorptivity

Ah fg Heat of vaporization of steam

AT Logarithmic mean temperature difference, Equation A-1Om

C Radiation emissivity

p Viscosity

p Density

Co Stefan-Boltzmann constant

i Efficiency

Subscripts

AUG Refers to augmenter tube

GAS Refers to the mixed jet and augmentation flow

I, J Segment node designations, see Figure A-I

IL Refers to inner liner of augmenter

I- J From segment "I" to segment "J", etc.

JET Refers to jet exhaust

JET-*IL From the jet to the inner liner of augmenter, etc.

N Number of axial segments of the augmenter tube, see Figure A-1

NN Economic life of waterwalls or energy recovery heat exchanger,
Equation B-2

OL Refers to outer liner of augmenter

16
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REF Reference, used for defined properties

SEC Refers to augmentation (secondary) air flow

STACK Refers to jet and augmentation flow leaving the convection boiler

STM Refers to steam generated

TUBE Refers to water tubes of convection heat recovery heat exchanger

Refers to ambient conditions

Abbreviations

A/B Afterburning

INTER Intermediate

ORC Organic Rankine cycle

17



Table 1. Effect of Gas Turbine Test Cell Energy Recovery on Stack Gas Temperatures

Total Gas Flow Avg Stack Gas Avg Stack Gas

Type of Energy Out the Stack, Temp Without Temp WithJet Exhaust and Energy Recovery Energy Recovery
EngneReovry qupmnt Cooling Flow (F

(lb/sec) (
0
F)

a. Large Test Cell

J79 afterburning (I) With water tubes at 1,700 420 370

augmenter exit,

250,000 ft
2

(2) With waterwalls 1,700 420 415
along last 50 feet

of augmenter

TF30 afterburning (1) With water tubes at 1,450 650 425
augmenter exit,
220,000 ft

2

(2) With waterwalls 1,450 650 640

along last 60 ft

of augmenter

b. Mid-Sized Test Cell

TF30 at intermediate (1) Water tubes at aug- 660 425 370
menter exit,
80,000 ft

2

(2) Waterwalls along 660 425 420

last 20 ft of aug-
menter

TF30 afterburning (I) Water tubes at aug- 660 1,220 560
menter exit,
80,000 ft

2

(2) Waterwalls along 660 1,220 1,205

last 20 ft of aug-
menter

c. Small Test Cell

T58 at intermediate (1) Water tubes at aug- 20 820 465

menter exit,
6,600 ft

2

(2) Waterwalls along 20 820 810

las, 3 ft of aug-
Me1ter

18
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Appendix A

SIHULATION OF A JET ENGINE TEST CELL

AUGMENTER TUBE

The problems inherent in simulating the operation of test cell

augmenter tubes are extremely complex. Re-examine Figure I and consider

the following augmenter characteristics: multiple, nonconcentric flows

at different velocities; turbulence; flow separation; all three modes of

heat transfer, simultaneously; extreme changes in temperature and, thus,

variable properties; and nonsymmetric three-dimensional geometries. In

addition, some tests are of short duration, resulting in a highly tran-

sient situation; e.g., testing with afterburners might involve 30-second

cycles with 3,000°F exhaust. These complexities lead to a transient,

nonlinear problem with coupled energy, mass, and momentum transfer.

To make an augmenter simulation attainable, assumptions are necessary.

For this present work, the emphasis is on heat transfer. Can enough

steam be generated, via energy transferred from the jet exhaust, to

warrant the purchase of a boiler? The modelling tactics will be to

simulate the fluid flow (mass and momentum) empirically but use first

principles to determine heat transfer. For this plan-of-attack, the

following assumptions are made:

I. Flows are one-dimensional, passing through a cylindrical

augmenter

2. Steady state, steady flow is stipulated

3. Both the jet and augmentation air are ideal gases
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4. Flow within the jet and within the augmentation air can be

considered turbulent and perfectly mixed

5. Pressure gradients along the augmenter are negligible compared

with temperature gradients and can be neglected

6. The jet nozzle is located exactly at the inlet to the augmenter

tube

7. The augmenter walls are black, the jet is gray, and the aug-

mentation air is transparent to thermal radiation

8. Axial radiation along the jet has a negligible effect on

temperatures; all radiation is from jet to wall or from wall

to wall

9. Heat transfer between the jet and the augmentation air is

negligible compared with enthalpy changes due to mixing

10. Radiation from the jet to any heat exchanger located past the

augmenter exit is negligble

The validity of several of the assumptions and the accuracy of the

resulting simulation are discussed in a subsequent section.

SIMULATING THE JET EXHAUST

The jet is empirically modelled using the curve fits of Becker

et al. (Ref 2). Their data are from cold jets, and their test rig is

smaller than test cells, necessitating some modification to the empirical

constants. Specifically, these relationships have been adjusted to be

able to predict the arrival of the jet to the wall at locations observed

experimentally at the hush houses, NAS Miramar (Ref 3 and 4).
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Following Becker's technique, jet flow geometry is extrapolated

from the NAS Miramar data by means of a nondimensional similarity param-

eter usually referred to as the Craya-Curtet number, C., a ratio of the

kinematic to dynamic mean inlet velocities,

r 2V E (0) -f (1-r 2 )Vs~

r2 VEJET(O (0.2SEC~r* 2 VJ(0) (0. 5-r* 2 )VsEC - 0.5 r2 VjET(O) (1-r* 2 )VsEC]

(A-])

where: r* = ratio of jet nozzle area to cross-sectional area of
the augmenter tube

VJET(O) = velocity of jet at the augmenter inlet

VSEC = velocity of augmentation (secondary) airflow

Then, for 0 < Ct 5 0.7,

RJET(Z) = RJET(O) + 0.131Z Z/(ZR RAUG ) 5/3 (A-2)

where: Z R 4.07 exp (3.54 C )

RjET(Z) = radius of jet at a distance Z from the augmenter inlet

RAUG = radius of augmenter tube

and for 0.7 < Ct ,

R JET(Z) = R JET (0) + 0.126 Z (A-2")

The geometry of the jet is fully defined by Equations A-I and A-2.

Although it appears that fluid properties are being neglected, it should

be noted that the augmentation airflow rate is input directly, rather

than calculated. This partially introduces properties of both the jet

and augmentation air through the variable VSEC.

A final flow relationship is acquired by employing the assumptions

of an isopiestic ideal gas
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p T = constant (A-3)

where: p = density

T = gas temperature

SIMULATING THE HEAT TRANSFER

To model the heat transfer, the augmenter tube is first divided

into axial segments, with the jet, augmentation flow, and inner and

outer liner* sections lumped separately as illustrated on Figure A-1.

Temperature is assumed constant throughout each section-segment; flows

are perfectly mixed.

Mass flow rates through each segment are determined from the geometry

of the jet; i.e., from Equation A-2.

A r (R2 R R2

AM1  = n OSEC,I VSECI RJET,I JETI-1)

MJET,I+I = MJET,[ + AMI

SEC,IJ+ = 1sEc,l +1

where: AAI = augmentation flow entrained by the jet in segment "I"

SJET, I = mass flow rate of jet through segment "I"

A SEC, = mass flow rate of augmentation air through segment "I"

PSEC,I = density of augmentation air

RJET, I = radius of segment "I" of the jet

Conservation of energy is then applied to each segment of each

section. For the jet exhaust (see Figure A-2),

*Some augmenters do not have liners but are of solid construction. For

this configuration, the inner and outer "liners" in the model represent
the inside and outside of the wall.
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2

JET,1+1 JET,I+I hF +VJET + I

- MJETI (hT,I - hRF +

- I(hSECI - hF +  2= 0

or, using the ideal gas approximation after applying conservation of

mass to eliminate the reference enthalpies,

• JETI +

MJETI + P,JET,I+! TJETI+I qRE,I,IT+IL

HJET,I P,JETI TJETI + 2E 1

-AN 1 
1I PSEC TSEC l + 2C'!

where: T JT, = temperature of jet in segment "I"

C p,JET, = specific heat of the jet exhaust in segment "I"

TSEC, I  = temperature of augmentation air in segment "I"

CpsEC,I = specific heat of augmentation air in segment "I"

The radiation from jet segment "I" to the wall, qRD,IT-IL' is deter-

mined by summing the net radiation between this segment and all sections

of the wall,

N/ 4 4

qRADIT-IL = oA T,I F 19,( TTI - a TILJ)
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where: TIL,J = temperature of augmenter inner liner segment "J"

A JET, = surface area of jet segment "I"

(Y = Stefan-Boltzmann constant

F1 J  = shape factor for radiation from jet segment "I" to
inner liner segment "J"

c = (I,TJETI) = emissivity of jet segment "I"

a = absorptivity of jet segment "I"

= (TJETI/T]LJ) 0.5 (Ref 6)

N = number of axial segments of the augmenter tube

For the augmentation airflow (see Figure A-3),

MSEC,+I (P,SEC TSEC,I +1 SEcI)

/ 2

+ AM C E

+1 (C1 P,SEC TSEC,I+I C' 1S+1 I

- SEC,] (P,SEC TSEC,I + 2 COV,,ILSC

. . . . . . . (A-5)

where: qCONV,I,IL=SE = convection heat transfer from the inner
liner to augmentation air segment "I"

h = hAAUG (TIL,l - TSECI)

h h (1, VSEC,) convective film coefficient

of segment "I"

AAUG  = AAUG, I = surface area of liner in contact

with augmentation air segment "I"

Conservation of energy across segments of the inner and outer liners are

handled in a similar manner. For the inner liner,
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q +O4 q+COND,I,ILOL qCONV,I,ILSEC

+ qRAD,IJ, IL -qCOND,I+I-I,IL q qRAD,I,JET -IL =0 (A-6)

where: qCOND,I-I,IL = conduction along the inner liner

= M~I CT -T )
IL(IL,l IL,I-I

qCOND,I,IL-OL = conduction between inner and outer liners

q qRAD,IJ,IL = radiation between different segments of the
inner liner

qRAD,IJ,IL F 1 (1 - ) TLl - TIL,J)

i J=l (,TI,

where: F = shape factor for radiation from inner liner segment "I"
to inner liner segment "J"

k = effective coefficient of thermal conductivity,
includes liner, acoustic pillows, concrete, etc.
(where applicable)

AIL = cross sectional area of inner liner, acoustic pads,
etc.

4Z = spacing between nodes

Finally, for the outer liner,

q+ q qNIL-o
qCOND, I-I- 1,0L +  CONV, I,OL-w qCOND, I+lI ,OL

- qCOND, I,ILOL = 0 (A-7)

where: qCONV,I,OL- = convection heat transfer off outer skin of

augmenter

= h DQ (T OJ- Tc
h==ToL,I T)

Equations A-4 through A-7 for all sections, along with Equation A-3

and the Equation of Continuity, are solved simultaneously to determine

temperatures throughout the augmenter assembly. When the jet reaches

the wall, conservation of augmentation flow energy is deleted, and the
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other equations are modified accordingly. Due to the nonlinearities, an

iterative technique is necessary, and the Gauss-Seidel method, with

relaxation, is employed for this purpose. Figure A-4 illustrates typical

predicted augmenter temperature profiles.

The heat transfer characteristics perhaps need further discussion.

Radiation was modelled by considering each jet segment as a separate gas

mass and applying the mean beam length approximation suggested by Hottel

(Ref 6). With this approximation, radiation from irregular geometries

is related to radiation from a gas hemisphere by extrapolation using a

fictitious dimension called the mean beam length.

Emissivity of the jet is a function of its geometry (mean beam

length), composition, and temperature. Geometry is easily acquired from

the node spacing and from Equation A-2. Composition of each segment is

determined by inputting the weight fraction of the radiators, CO2, H 20,

and CO, at the engine nozzle and then progressively diluting the jet

with augmentation air. Temperature is the problem; the interdependency

with temperature necessitates including the emissivity calculations in

the temperature iteration. The gas emissivity data of Hottel were

curve-fitted to provide a continuous relationship as a function of mean

beam length, composition, and temperature. Figure A-5 shows typical

emissivities calculated in this manner.

Very little work has been done in the area of convection heat

transfer to confined jets. Kang et al. (Ref 7) have experimentally

determined some Nusselt numbers, but their tests are not comprehensive

enough to provide the foundation for any correlation. Thus, conventional

relationships (Ref 8) for turbulent flow through a cylinder had to be

employed, substituting the equivalent diameter of the augmentation flow

for the diameter of the cylinder,

14 k SEC (VSEC PSEC)08

DEQV

where: h = film.coefficient of convective heat transfer between
augmentation airflow and the inner liner

kSE C = thermal conductivity of augmentation air
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* PSEC = viscosity of augmentation air

DEQ V = equivalent diameter of augmentation flow

= 2 (RAUG RJET)

This convection coefficient varies with equivalent diameter of the

augmentation flow and, therefore, varies from segment to segment.

Properties of the augmentation flow vary with temperature, requiring the

film coefficient calculations to also be included in the iteration.

Figure A-6 shows typical calculated coefficients.

BOILER SIMULATION

To simulate waterwalls, the temperature of the outer liner is set

equal to the saturation temperature of the steam; and all heat resistance,

except the metal, is removed from between the two liners. This is

equivalent to neglecting the resistance to heat transfer on the boiling

water side of the walls, a good approximation since this resistance is

several orders of magnitude less than the resistance to convection and

radiation from the jet exhaust. The steam generation is then determined

directly from a summation of the energy transferred to the outer liner.

Simulation of convection, water tube boilers is more difficult.

Conservation of energy is applied to the jet and augmentation flow

through the heat exchanger, to the water/steam flow through the heat

exchanger, and to the overall heat exchanger. These relationships are,

in the same order,

qST = GAS CPGAS(TGAS " TSTACK) (A-8)

qST = ASTN Ah fg (A-9)

qSTN = UA AT (A-10)
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where: GAS  = sum of jet and augmentation air

STM  = steam generation

= heat transferred from jet and augmentation airflow tothe steam

TGAS = temperature of gas entering the boiler

TSTACK  = temperature of gas exiting the boiler

= product of boiler overall heat transfer coefficient
and heat transfer area

Ahfg = heat of vaporization of steam

AT = logarithmic mean temperature difference
m

TGA S - STM
where: AT i GAS -TH

m T -T
In -GAS STM

\TSTACK - TSTH/

TSTM = saturation temperature of steam

resulting in Equations A-8, A-9, A-10 and the four unknowns: q

STM, TSTACK, and UA. The final relationship is determined by stipulating

a boiler effectiveness*, e,

TGAS T STACK

T GAS T STM

If boiler effectiveness is known, steam generation and the other unknowns

can be calculated. Furthermore, if the boiler tube configuration is

also stipulated, the heat transfer characeristics can be estimated.

For example, if the boiler is to be of a staggered tube configuration

(Ref 8),

U h = 0287 kJET PJET VJET TUBE
TUBE DTUBE\ OJET /

*A value e = 0.76 is assumed throughout these analyses.
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where: h TUBE= convection film coefficient between jet exhaust and
water tubes

D TUBE= outer diameter of water tubes

It should be noted that the resistance to heat transfer through the tube

walls and to the boiling water are being neglected. With this equation,

an estimate of boiler heat transfer area is also acquired because UA is

known. Properties are determined by assuming the jet exhaust behaves

identically to air and applying the Eucken equations (Ref 9),

1.5

k TJET
JET, JET 225 +TJE T

ACCURACY OF THE AUGMENTER MODEL

To evaluate the simulation, predicted augmenter inner liner temper-

atures are compared with measured values. The accuracy of these temper-

atures makes a valid benchmark since they indicate the accuracy of the

simulation of heat transfer to the walls and, by supposition, to a

waterwall heat exchanger. The same reasoning applies to the augmenter

exit gas temperature, but here the modelling involves only simple mixing

of gases, and little error is likely. Regardless, these temperatures

can be examined concurrently by noting that, due to high wall resistance,

there is little difference between gas and wall temperatures near the

augmenter exit. This trend is illustrated in Figure A-4.

An abundance of data are not available with which to make this

comparison. The hush houses at the NAS Miramar have been studied exten-

sively. These facilities were used to develop the empirical model of

the jet exhaust, however. It is suspect to use the same sites to evaluate

the model. Nevertheless, they will be used. The hush house at the

Marine Corps Air Station El Toro, although studied less extensively,

provides a better accreditation.
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The comparisons are made on Figures A-7 through A-9. Predicted and

measured temperatures are within ±50°F of each other. The exception is

the TF3O engine undergoing afterburning tests where the simulation of

inner liner temperatures is in error by more than 200*F. Not enough

temperatures have been measured near the augmenter inlet to verify the

existence of the radiation peaks shown on the figures.

Several sources of error are obvious, each related to the asstunp-

tions. First, the hush houses are not cylindrical but elliptical.

Although the distance from the nozzle to the nearest augmenter wall was

used as an effective radius, the effects of this cross section on flow

characteristics could not be accounted for. The steady state assumption

is possibly not valid for the afterburning tests which tend to be of

short duration. Actual inner liner temperatures could be much higher or

much lower than steady state temperatures, depending upon wall thickness,

specific heat, and thermal conductivity as well as time. Jet exhaust

and secondary entrained air are certainly not perfectly mixed at the

nozzle. A hot core of exhaust will survive for some distance, tending

to damp out both the radiation peak and convection valley predicted by

the model and illustrated on Figures A-7 through A-9. Finally, the jet

nozzle is not located exactly at the augmenter inlet but some 10 feet

back inside the hush houses.
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Figure A-2. Conservation of energy, across

segment of jet exhaust.

I :ONVii1 . SEC

S (: [;ic'i [h X 1,2 -;IS,:(.,+, [hS,,,(:,+' + 2~(I1

AM ,+ [ h F. + 2

Figure A-3. Conservation of energy across

segment of augmentation air.
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Appendix B

METHOD OF CALCULATING THE ECONOMICS OF

TEST CELL ENERGY RECOVERY

Once test cell steam generation has been determined, its value is
estimated,

VALUE ST x xCOST x TIME (B- 1)

where: M ST mass flux of steam generated

COST =assumed value of one unit of steam

TIME =average utilization of the test cell (see Table C-I)

and accumulated over the economic life of the heat exchanger (or life of
the test cell, if shorter),

where: PV NN present value of steam generated over a period of NN

ESC =assumed escalation rate of the cost of steam (Ref 5)

DISC =assumed discount rate (Ref 5)

allowing a savings/investment ratio to be predicted,

P "PV

SIR~ - PV NN (B-3)
IPRICE

where PRICE is the cost of the waterwalls or heat exchanger.
The economics of the Rankine cycle generation of electricity are

analogous, substituting the value of electricity for the value of steam.

COST OF ENERGY RECOVERY HARDWARE

A major obstacle is the determination of PRICE. Very few boilers/
heat exchangers large enough for this application are anufactured, and

these few are all custom jobs.

B-I
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To acquire an estimate of the cost of a test cell heat exchanger,
twenty boiler manufacturers were asked to provide a preliminary design.
Table B-I describes a water tube heat exchanger composited from their
responses. It is presented without docunentation. For purposes of
applying this design to a particular test cell/engine/power setting, a
scaling criterion was developed.

The downstream convection heat exchanger (Configuration No. I of
Figure 1) cost is ratioed linearly from Table B-I using the total gas
flow as the independent variable,

HTOTAL

PRICE = PRICEBI MT (B-4)
BI TOTALBi

where the subscript BI refers to the values in Table B-] and TOTAL
refers to the sum of the jet and secondary flow. The overall heat
transfer coefficient is kept at approximately 9 Btu/hr-ft2 *F, equivalent
to a flow velocity of about 80 ft/sec over 2-inch tubes.

When convection heat exchangers are inside the augmenter near the

engine nozzle (Configuration No. 4 of Figure 1), the heat transfer area
is input directly while the overall heat transfer coefficient is allowed
to increase, following the high velocities encountered. The price of
the heat exchangers is established in a manner analogous to Equation B-4,
using heat transfer area in place of total gas flow,

PRICE = ATUBES (-5)
PRIEB1 ATUBESBI /

This relationship is applied for lack of a better approach. The high
gas velocities would be expected to create some serious tube erosion
problems, requiring thicker tubes and probably special alloys. In
addition, the tubes would have to withstand occasional bursts of A/B.
It follows that these heat exchangers would be more expensive than
equivalent downstream configurations.

No waterwall designs were submitted in response to the survey of
boiler manufacturers. Waterwall areas are input and heat transfer
characteristics built into the model, howevei, neither presents a problem.
The use of waterwall prices will be avoided, to the extent possible, in
the comparisons. When necessary, Equation B-5 will be employed.*

*Again, for lack of a better approach. This is tantamount to the

assumption that the fabrication of the tubes is the major expense
in the manufacture of each device.
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Table B-1. Composite Heat Exchanger for Energy Recovery
From Gas Turbine Engine Test Cell

Type Convection, Shell and Tube

Gas flow 2.3 (10) 6 lb/hr

Gas temperature in 420OF

Gas temperature out 367 0F

Steam flow 30,300 lb/hr

Steam temperature 350°F

Steam pressure 135 psia

Heat transferred 30 (10)6 Btu/hr

Heat exchanger width 50 ft

Heat exchanger height 15 ft

Heat exchanger length 72 ft

Tube diameter 2 inches

Tube thickness 0.12 inch

Fin segment 0.156 inch

Fin length 0.5 inch

Fin thickness 0.035 inch

Number of fins 6/in.

Number of circuits 45

Number of passes 12

Heat transfer surface 118,000 ft2

Gas AP 5.85 inches H2 0

Cost $2,000,000.
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Appendix C

JET ENGINE TEST CELL CHARACTERISTICS

Table C-i summarizes the geometries and flow characteristics of
test cells used in the analyses. With the exception of the hush houses
at the MCAS El Toro, all of these facilities are located in the San
Diego area. Geometries and cell utilization were acquired from
Reference 10. This reference also describes the cells in greater detail.
Flow rates and temperatures were acquired from References 3 and 4. The
compositions of the engine exhaust gases at the nozzle were determined
by back-calculating from stack gas compositions measured on the Miramar
"A" test cell and NARF North Island Test Cell 19 (Ref 11, 12 and 13).
It was assumed that the chemical composition of the jet exhaust at the
nozzle was dependent only on the type of engine and power setting; the
same values were used for the other test cells.
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Appendix D

COMPUTER MODELLING OF AUGMENTER TUBE

The relationships in Appendixes A and B were programed in FORTRAN
IV. Figure D-I is a flow chart of the program. A listing and some
typical results follow.
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PROGRAM LISTING

PROGIAM JETEST (INPUTOUTPUTTAPE5=INPUTTAPE6=OUTPUT)
C PROIRAM TO CALCULATE THE HEAT TRANSFER FROM A JET EXHAUST TO THE
C TEST CELL AUGMENTER WALLS OR TO BOILERS WRADPED AROJND THE WALLS
C OR To BOILERS PLACE) IN THE JET STREAM AT THE AUGMENTER EXIT OR BOTH
C
C STEADY STATE AXISYMMETRIC FLOW THRJ A CYLINDRICAL DUCT IS ASSUMED
C IN 4DOITIONs IT IS ASSUMED THAT BOTH THE JET AND SECONDARY FLOW AlE
C TURIULENT, PERFECTLY MIXED IDEAL GASES
C

REAL MJET(51) ,MSEC(51 ),KDUCTKAINTKAEXTKPADN2(50),L(50),KAIR,
I' UAIR ,MSTMI(50) ,K
INTEGER TYPE
ZOMMON 02tN2,C029H20,COH2,LUM
)IMENSION T(50,4) ,TEMP(5094) ,HCONV(50 ) ARAD(SO v , (50,50) ,)ELM( 50)

1,02(50),AJET(50),RJET(50),qADST(30),ABOIL(2),TSTM(2),PSTM(2)
2,HSTM(2),RADIN(50),RADOUT(50),Z(50),C02(5O),H20(50),C0C50),H2(50)
3,)CONV(53))EMIS(5O),F1(50,5O),UJE-T(51)
PIMENSION PV(291,SIR(25) ,PlB(30),Pf3(50),P39(50)
DATA PIPRESSRAIRSIGMATDATUM/3.1416,2116. ,53.36,O.1714E-1320.I
DATA ITERTOL/IOO,1*/
OATA R/-O.5/
DATA EMPIR19EMPIR2/14*,j4./

C
C IN3JT THE NUMBER OF AXIAL SEGMENTS THAT THE AJGMENTER TJBE WILL 87-
C DIV13ED INTO, N.LE.50

3rEAD(591) N
C INPJT THE AUGMENTER GEOMETRY....THoE AREA OF THE JET NOZZLE AND THE
C AREA OF THE AUGMENTER INLET, 9OTH IN SQFT.*..IHE LENGTH OF THE
C AUGME-NTE-R IN PEET.o..AND THE THICKNESSES OF TH:- DUCT AN) THE ACOUSTIC
C PILLOWS IN INCHES

IEAD(5,2) AJFT(1) ,AAUGAUGLOE-LRDE-LPAD
C IN3JT SECONDARY FLOW RATE IN LBS/SEC AN) ITS TEMPERATURE IN DESF

IEAD(5,3) MSEC(1) ,T(192)
C INPJT JET FLOW RATE IN LBS/SEC, TOTAL TEMPEIATJRE AND TOTAL PRESSURE
C OF JET IN OEGF AND PSIAv AND RATIO OF JET SPECIFIC HEATS

AZAD(5,4) MJET(l) ,TTJETPTJET, GAMMA
C INPtJT THE CHEMICAL COMPOSITION OF THE JET*...PERCENT WEIGHT OF
C OXYSEN9 NITROGEN, CARBON DIOXIODE, CAR.30N MONOXIDE, WATEI VAOR, AND
C HYDROGEN

READ(596) 02(1) ,N2(1),C02(1),CO(l),H20(l),H2(1)
C INPJT THE L:7NGTH OF THE LUMINOUS P)RTION OF THE JET EXHAUST IN FEET

RE-AD(5,3) FLAME
C INPJT T4E COEFFICIENT 0= THERMAL CONDUCTIVITY OF THE DUCT WALLS AND
C THE ACOUSTIC PILLOWS IN BTU(HR-FT-OEGF....*IF THE PILLOWS AR,-; NOT
C USE),3 INPUT OELPA3=0. AND KPAD=10OOO.

RcEAD(597) KOUCTKPAD
C INP~JT BOUNDARY CONDITIONS TO SIMULATE THE HOUSE STRUCTURE ACTING AS
C A HEAT SINK.,...THE EFFECTIVE TEMPS AND THERMAL CONDUCTANCES, IN DEGF
C ANI BTU/HR-OEGF, AT THE AUGMENTER INLET AND EXIT, IN THAT ORDER

1EADC594) TINT ,KAINTTEXTKAEXT
C INPJT AMBIENT CONDITIONS*...THE TEMP IN DEGF AND THE NATURAL
C CONVECTION HEAT TRANSFER COEFFICIENT IN BTU/HR-SGFT-OEGF

3 :-A Ot5,93) T AMB 9HA MR
C INPJT THE HEAT EXCHANGER (BOILER) CONFIGURATION
C "1" SIGNIFIES NO HEAT EXCHANGERS
C "1% SIGNIFIES WATERWALLS WRAPPED AROUND THE AUGMENTER TUBES
C "30 SIGNIFIES CONVECTION BOILER~ IN THE AUSMENTER GASES AT FXIT
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C "40 SIGNIFIES BOTH WATERWALLS AND CONVECTION BOILERS
.AEAO(591) TYPE
IF (TYE.e7Qol) GD TO 10

C INP'JT THE APPLICABLE BOILEP CHARACTERISTICS
C INPUT THE TOTAL NUMBER OF HRS PER DAY THAT THE TEST CELL IS UTILIZED
C WITI THIS ENGINE AND AT THIS POWER SETTING AND ALSO INPUT IND2.GE*79
C FOR A PARAMETRIC STUDY INPUT TIME=O.25 AND IN32=0....IN'3UT PURCHASE
C PRICE OF THE WATER-WALL AND CONVECTION HEAT RECOVERY HEAT EXCHANGERS
C IN THAT ORDrERo..IF THERE IS ONLY ONE, INPUT ZERO IN THE SPACE
C FOR THE OTHER

.READ(5979) TIMEIND2,PRICE1 ,PRICE2
C INPJT THE CURRENT COST OF THE STEAM IN S/MBTU, THE DISCOUNT RATE, AND
C THE LONG TERM ESCALATION RATE OF THE COST OF STEAM IN PERCENT
C PER YEAR

READ(594) COSTDISCESC
IF CTYPE.EQ.3) GO TO 5

C IN3JT THE WATERWALL CHARACTERISTICSe..STEAM TEMP IN DE3F, STEAM
C PRESSURE IN PSTA, HEAT OF VAPORIZATION IN BTU/LR, AND THE TOTAL HEAT
C TRANSFER AREA IN SQFT

REAO(594) TSTM(I),r'STM(1 ),HSTM(1.),ABOIL(1)
TSTM(1)=TSTM(1 *460.

C INPUT THE LOCATION OF THE WATER-WALLS....FRONT AND BACK IN TERMS OF
C FEET FROM THE AUGMENTER INLET

READ(5,3) FRONTRACK
IF (TYPE.EQ.2) GO TO 10

C IF 30TH BOILERS ARE UTILIZED, INPUT WATERWALL CHARACTERISTICS FIRST
C IN'JT THE CONVECTION BOILER CHARACTERISTICS.... STEAM TEMP, PRESSURE,
C AND 4EAT OF VAPORIZATION, T3TAL HEAT TRANSFER AREA, AND THE OUTER
C DIAMETER OF THE TUBES IN INCHES

5 READ(598) TSTM(2) ,PSTM(2),HSTM(2),AROIL(2),DTUBE
T ST MC2) =TS T"(2 )+460.

C
C PRINT ALL DIMENSIONS, PROPERTIES, AND BOUNDARY CONDITIONS

10 W-RITECS,11)
hlRITE(6*12) AJET(l) ,AAUGAUGL9DELRD7LPA0
JRITE(6913)
WRITE C6,1#) MJET(l) ,TTJET9PTJETtGAMMA
dRITE(6916)

WRITE(6918)
JRITE-(6,19) MSECC1) ,T(1,2)
JR ITE(6 ,67)
WRITE(6968) TAMBHAMB
WRITE (6,21)
4iITT(6922) KDUCT
IF (DELPAD.LE*O.) GO TO 15
WRITE(6923) KPAD

15 JRITE(6924)
OR ITE(6926) TINT9KAINT9TEXTKAEXT
IF (TYPEoEQ.1) WRITE(6927)

C
C SIM4PLIFYING AND PRELIMINARY CALCULATIONS

DE-LR=DELR/12.
DELPAD= DELP AOI12.
DTUBE=DTUBEI/12*
DELZ=AUGL/C N-i)
LUM=INT (FLAME/OELZ)
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IF1
RAUG=SQRT(AAUG/Pt)
RJETIU)=SQRT(AJETdI ,Pr)
A~tEAR:2.aPI *RAUG*DELZ
AREAZ=PI.( (1AUG.DELR) *a2-RAUGk*?-)
K=D-LR+i ELPAD)/ DELR/KOUCT.DELPAD/KPA)

* PTJET=PTJET.144.
1T(1,2)=T(1 ,2)+460.
1 TJE 1TTJE T 46 0
'TINT=TINT.460.
TEXT=TEXT+r0.
-TAMB=TAM3*4609
RATIO=C1..ESC/100.)/C1..DISC/100.)
21=K*AREAR/2./(DE7LR+OELPAD)
02=AREAR/2.
P3=KDUCT*AREAZ/DELZ
?4=K/( DCLR.DELP AD)

?6=KDUCT/DELZ
P7=SI GMA*AREAR
IF (CTYPE.EQol)*DR.(rYPE*EQ.3)) 30 TO 20
IFRONT: IVT(FRONT/DELZ ) .
IBACK=INT( 3ACK/OELZ).1
IF ([3ACK.GT*N) ISACK=N

C
C CALCULATE BULK VELOCITIES AT AUGMENTE3 INLET

20 RHOS=PRESS/RAIR/T(192)
VSEC=MSEC(1)/RHOS/(AAUG-AJET(l))
P3WER=(GAMMA-1.*)/GAMMA
-t(ll)=TTJE-T*(PRESS/PTJET)*&POWER
RHOJ=PRESS/RAIR/T (1,1)
VJET=MJET(1)IRHOJ/AJEcT(l)
UJETCl)=VJET
UJET(23 =UJET(1)

C CALCULATE THE CRAYA-CURTET NUMBER
4=AJET( 1)/AAUG
8=1.-A
C=0O 5-A

1-0.5
4RITE7(6934) VJETVSECCRAYA

C
C CALrOJIATE THE EXPANSION OF THT JET USING TH=E 7?PIaIZAL IELATIONS41IPS
C OF B-7CK7ER, ET AL# 9TH SYMP.(INT) ON COMBo,1963
C THE CONSTANTS HAVE BEEN ADJUSTED T9 FIT TEST CELL DATA

FACT OR :0.
IF (kCRAYA*GT.Oo7) GO TO 40
XR=4*07*EXP(3&54CRAYA)
FACTOR1./XR**1 .667
4=SQRTCA)
X=AUGL/RAUG
DEV=X
DO 30 I:1,ITER
DSAVE--DEV
X SAVE =X
FF=0.131(FACTORAX'2.667+X)-l..PA
OPFDX=O.54R*FACTUR*Xh41 .667.0.131
K=X-FF/OFFOX
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)EV=AE3S(X-XSAVE)
IF (3FV-LrE.DSAVE) GO TO ?5
JR ITE (6,36)

UIRI TE(6, 3)

30 TO 500
25 :ONTINUE

IF (DEV.LE.TOL) GO TO 35
30 :ONTINUE

URITECS,306)
ARITE(6939) TOLITER
JRIT7(6,38)

35 (SEP:X*RAUG
;D TO 45

40 XSEP=7.91*(RAUG-RJET(1))
45 ZONTINUE

C DETERMINE IF JET EVER REACHES AUGMErgTER WALL
IF (XSEP*GT.AUGL) GO TO 50
VSEP=INT(XSEP/JE,:LZ).+'
IF (NSEP.GT.N) NSEP:N
iRITE(6#41) XSEP
GO TO 55

50 'SEP=1000
JRITE(6942)

55 :ONTINUE
C
C CALZJLATE THE PROGRESSIVE RADII OF THE JET 7:XHAUST....A3AIN US-- T4E
C EMPIRICAL RE-LATIONSHIPS OF BECKER...

)EL(1)=O.

)O 60 1=29N

IJET( I) =RJET( 1)0.131*Z( I) *(1.+FACTOR*(Z( 1)/RAUG) *&1.667)
IF (CRAYA*GT.G.7) RJET(I)=RjET(1)40.I2G5*ZCI)
IF (RJET(I).GT.RAUG) RJET(I)=RAUG

C CAL:JLATE SECONDARY FLOW ENTRAINED BY THE EXPANDING JET
):rLM(I)=RHOS*VSEC*Pl*(RJET(I)**2-RJET(I-1)**2)

60 CONTINUE

)0 430 1,1KK

4SEC(I I)=MSEC(I)-DELM(1+1)
490 :ONTINUE

4iJET(N+1) :MJET(N)

)O 65 I195
LIM=10*I
I3RINT=?41N0(LIM9N)
sIR ITE(Sq43)
JR ITE(6t4t#) (Z(J) ,J:IIIPRINT)
JRITE(6946) (RJET(J),J=I IIPRINT)

URITE(6,48) (MSEC(J) ,J=II ,IPRINT)
IF (IPRINT.GE.N) GO T0 71
II: I'RINT~t

65 C3NTINUE
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10 CONTINUE
C
C CA!LZJLATE RADIATION C'WNSTANTS....AR7AS9 MEAN 97-AM L7NlTiS, AN)
C SHA')E FACTORS

)0 7i l11N
AAAD( I )2.* PI 'RJE-T( I) *DLZ

*L( 1=1. 3*RJFET(I1)
75 CONTINUE

AAD(1)=ARAD(1)/!.
4R AD( N) ARAO(N)12 .
CALL SHAPE(RJET9RAUG9DELZ9FN)
CALL SHAPEI(RAUGDELZF1 eN)

C
C CA .ULATE THE COMPOSITION OF THE JET EXHAUST IN MOLES/LB OF EXHAUST

02(1) =02(1) /3200.
'J'C1)=N2(1)f2800.
:0?(l)=C02C 1) /440.
A120(1)=H2OCL1)/1800.
:0(1)=C3(1 3/2800.
12(1)=H2(1)/200.

02( I) 02( 1-1)40 .0072*DELM( I)/MJET( I)
I2()=N2( I-1) 0 .027?.DELM( I)/MJ:TC I)

:02(I )=C02( 1-1) .MJET( I-i )/MJE:T( I)

C0(I)=C0(I-1)*MJETCI-1)/MJET(I)
* 2(I)=H2CI-1)*MJ; rCTI-1)/MJET( I)

80 :ONTINUE
C
C USE GAUSS-SEIDEL ITERATION, WITH RELAXATIINq TO SIMULTANEOUSLY SOLV7
C FOR JET AND Sc-CONDARY FLOW rEMPERArJRES AS WELL AS TEM1P7RATURES 01
C TH-E INSIDE AND OUTSIDE OF THE AUGMENTER WALL
C
C FI13T9 INITIALIZE TEMPS FOR THE ITERATION

r'OUESSzMJET1*(11vMsECd*T(12,9I(JEr(1.MS:C1l)
T(1 ,3)=TGUESS
T(194)=TAMB
3O 85 1=?tN
r(I,1)=T(l1,1-(TU,1l-TGUESS)*Z(I)/AUGL

T(I ,3)=TSUES3

85 O0NTINUE
C AN) 4AI(E SOME ADDITIONAL PREPATORY CALCULATIONS

)O 86 1=19N
'4JET(I 3 600.*MJT( I)
'4SEC( I) =3600*MSr:C( I)
)ELM(rIJ3600.'DELM(I)

')4B(1)=P4

IF ((TYPe.E'2.1).OR*(TYPE.EQ*3)) GO TO 96
I- ((I.LT.IFRONT).OR.(I.,G1.13AC0O) GO TO 3S
PIB(I )=KDUCT*AREAR/2./[CELR
348(I)=KDUCT/DELR

96 :ONTINUE
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4JET(N.1)=MJET(N)
4SEC(N*1)=MSEC(N)
PI1=MINO(NoNSEP)
rN03=MINIJ(N-l ,NSEP-1)
JK=NSEP-1
)E-VMAX=T( 1,91)

C
C BEGIN THE ITERATION

30 400 I=19ITER
) SA VE'= DE VMAX
DEVMAX=0.

C
C CAL:JLATE THE CONVECTIVE HEAT TIANSFEI FILM COEFFICIENTS
C USE THE RELATIJNSHIPS OF MCADAMS FOR TURBULENT FLOW THRU A DU'CT,
C HOWEVER, USE 30TH VELOCITIES AND THE EQUIVELENT DIAMETER OF THE
C SECJNDARY FLOW -DUCT" TO CALCULATE REYNOLDS NO....THE CONSTANT IS
C EMP141CALLY At)JUSTED TO FIT TEST CELL TEM4P 3ATA

)0 90 II=19IND3
ACTOR=T(II,2)**1.5/(225..T(II,2))

(A1R=9. 26E-4*FACTOR
IJAIR=2.694E-3*FACTORl
IHOAIR=PRESS/RAIR/T(lI ,2)
4CONV1:VSEC*T(II92)/rdl,2)
IHOJ=PIESS/RAIR/TI 111)
JCONV2=MJET(11)/RHOJ/Pl/RJET(II)a*2/3600.
VCONV=A hVCONV2.B*VCONVI
)EQV=2. .(RAUG-RJET( II))
4zONV([I)=EMPIRl1.KAUR/DEQV**0.2*(VCONV*RH0AIR/MUAIR)*&O.S
-4CONV( II)=HCDNV(I 1)/I

90 :ONTINUE
17 (NSEP.GT.N) GO TO 100

C ONC7E THE JET REACHES THE WALL, THE* PROBLEM SIMPLY BECOM7S THAT
C OF TURBULENT FLOW THRU A CIRCULAR DUCT

30 95 lI:INO1,N

KIC R=9. 26E-.*F ACT OR

9UAIR=2.694E-3*FACTOR
IHOAIR=PRESS/RAIR/T(Ili,)
V'CONV=(MSEC(1).MJETC1) )IAAUG/RHOAIR/3600.
HCONV(II)=EMPIR2*KAIRaCVCONV*RHOAIR/MUAIR)e*O.3/RAUG**0.2

95 :ONTINUE
100 :3NTINUE

C
C CAL:ULATE BULK VELOCITIES OF THE JET

)0 102 11=19N
IOJ=PIESS/RAIR/T (11,1)
AJET(1I)=PT*RJET(1I)**2
JJET(11.1)=MJET(11+1)/RHOJ/AJET(II)/3600.

102 :ONTINUE
C

SAVE=T (1,3)
AADIN( 1)0.
30 105 111,9N
7MsS=E'4155(T(lI,1),L(II),II)
ALFA=EMSS*SQRT(T(II,1)/1(1.3))

C RADIATION REACHING THE AUGMENTER WALLS HAS T40 SOURCESseeFROM THE
C EXHAUST GAS OR F40M OTHER PARTS OF THE WALL
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C NEG-.ECT THE FACT THAT SOME RADIATION 37ETWE -N AJALL SEGMENTS J0OES NOT
C PASi THROUGH THE JET

IAOIN(1)=RAOIN(1).SIGMA*ARADCII).FcII1l).c:MSS*T(Il,1)**4-ALFA
1*T(1, 3)**4).P7*Fl(II, 1) *(l.-EMSS) 'AT(119,3). a4-T (1,3 )*4

105 :ONTINUE
T(193)=(P13(1)*T(194)+P2*HCONiV(1)*Tc1,2),KA[NThTINT+'3*T(2,3)

1(1 ,3)=T(1,3)*(T(13)-SAV:/j)
DEV=ABS(T( 1,3)-SAVE)
I= (OEV-OEVMAX) 11591159110

110 JEVMAX=OEV
115 DONTINUE

)O 125 J=lN
SAVE=T( J,4)
IF ((TYPE.EQ.2).OR*(TYP;E.EQo4)) GO TO 11;
r(CJ 4)(HAM9*TAMF3.P4' T(J,3) C HAMBs.14)
33 TO 117

116 IF (CJ.GE.IFRONT).AN~O(J.LE.IBA-K)) T(J94)=c1000.*TSTM(1)+PG*

117 T(J,4)=T(J94).R*(T(J,. -SAVE)
)EV=ABSCT CJ,4) -SAVE)
IF (OEV-OEVMAX) 1259125,120

120 3EVMAX=OEJ
125 :ONTINUE

3O 140 J=29IND3
SAVE=T( J,1)
I ADOIJICJ) =0.

JO 130 II=lN
ALFA=EMSSeSORT(T(JvI)/T(I,3))

C IT IS ASSUMED rHAT THERE IS NO R.ADIATION 9T J -N 01VFER7ENr LOCTIJNS
C ALONG THE JET EXHAUST STREAM

AADOUT(J)=RADOUT(J)+SIGMA*ARAO(J)*FCJII)*(EMSS.T(J,1) '*4-ALFA

130 :ONTINUE
ZPIN=SPHT( T(J-1 ,1 ) J-1)
~POUT=SPHT(T(Jvl)oJ)
r(J,1)=(MJET(J+1)*.CPUT.TDATUM+MJET(J)*C:IIN*(T(J-1,1)-TOATU'4).

10.24*DELM(J)ACT(J-1,2)-TDATUM)-RADOUTJ)2.--5tMJE-T(J)*
2JJET(J)*2-MJET(J.1)UJ-TJ+1..,2))(MJTJ1)fCPOUT

TJ .1)=TC JP1) R 'AT( J, )-SAVE;)
)EV=ABS(T CJl1)-SAVE)
IF (DEV-'JEVMAX) 140,140,135

135 9O:VMAX=O:-V
140 :ONTINUE

)O 150 J=2,1N03
SAVEZT ( J2)
r(J,2)=(0.24*CCDE:LM(J.1).MSEC(J.1))*TDATUM+MSE-C(J)*(r(J-1,2)
1-TDATUM))+ARFAR*HCONV(J)*T(J,3Rjfa.24cE-L4J,1,,r.S7-C(J-1))
2+AREAR*HCONV(J))
T(J92:rTJP2.R(T(J92-AVE)
IEV=ABS(r(J,2)-SAV;E)
IF (JEV-DEVMAX) 150,150,145

145 OEVMAXODEV
150 :ONT[NUE

)0 16,5 J=291PN03
3AVE=T(J. 3)
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RADIN(J)=Oo
)0 155 1~11N

ALFA=EMSS*SQRT(TCII91)/T(J'3))
IAD1N(J)=RAOIN(J)+SI'MA*ARA(I)F(IJ)*(E9'SS*T(Il,1)**4-ALFA

155 :ONTINUE
Trj,3)P53J)*J,4v. P3cT(J+,3)TJ13))AREAR*HCONV(J).T(J2)

1.RA )1N(J))/(P5R(J).2.*P3+AREAR*HCONV(J))

DEV=ARS( TCJt3)-SAVE)
IF (DE'J-OEVMAX) 165,165,160

160 0rEVMAX0EV
165 :ONTINUE

C THE )OWNSTREAM CALCULATIONS DEPEND UPON WHETHER rHE JET EVER REACHES
C AUG4ENTER WALL

I (NSEP-N) 170,2309260
C THE CASE WHERE THE JET REACHES THE WALL UPSTREAM FROM AUGMENTER EXIT

110 )0 185 J=NSE:PKK
IAOUT(J)=SIGMA*ARAD(J)*EMISS(T(J,1),L(J),J)&(T(J,1)**4

21IN=SPHT( T(J-1 91) ,J-1)
:?0UT=SP4T(T(Jv1),J)
3AVE=T(CJ, 1)
T(Jtl)=(MJE-T(J41)*CPQUT*TDATUMAREARHCJNV(J)*T(J,3)+MJETCJ)

1*: PIJ(T(J-1,1)-TDATJM).O.24*DELM(J)&(T(J-192)-T)ATUM)-RAOT(J)
2.*2.E-5*(MJE-T(J)*UJET(J)**2-MJET(J+1) *UJET(J41)**2))/(MJETCJ+1)kf
3:P0UT.AREAR*HC0NV(J))
rtJtvl)=T(Jtl).R*(T(Je1)-SAVE)
)EV=ABSCT(Jo1) -SAVE)
IF (DEV-DJEV.'AX) 15,185,180

180 'EVMAX=OEV
185 :ONTINUE

)O 200 J=NSEPKK
AADIN(J)=0.
JO 190 11=19N
7EMSS=E?4ISS('(II,1)tL(II)qII)
ALFA=EMSS*SQRTCT( II 91)iT (J ,3))
IAOIN(J)=RADIN(J),SIGMA*ARAD(II)*F(IIj)*U-MSS*TCII,1)**4

I-ALFA*T(J,3)*h4)+P7*F1(IIJ)*(l.-E7-MSS)*AT(II,3)*a4-T(J,3)*a4)
190 ZONTINUE

3AVE=T (J,3)
r(J,3)=(P5BCJ)&T(J,43.P3*(T(J,1,3).TCJ-1,3))+AREAR*HCONV(J)aTCJ,1)
1ADIN(J))/(P53(J)2.*P3RAR&,-1*CONV(J))
r(J93)=T(J93).R*(T(j93)-SAVEc)
)EV=A8S(TCJ93)-SAVE)
IF (DEV-DEVMAX) ?00,200,195

195 )EVMAX=DEV
200 :-ONTINUE

3AVE=T (N, 3)
lAOIN(N)=0.
30 205 11=10N

ALFA=EMSS*SQPT(T(IIip1)/T(N93))
~AOIN(N)=RAOIN(N).SIGMA*ARAD(II)*F(IIN)*(F MSS*fCIIll)*'4-ALFA

?OS CONTINUE

D-1 0

. . ........ ....



r (N I )=(PId(N) T(N94),P3 *I(N-It3 )KAFXT*TEXT.P2, *HCONV(N) *T(Nt I)
1.+RAOIN(N))/(P19()P3KAEXT2PHC0JV(N))
T(N93)=TcN*3).R*(T(N,3)-SAVE)
)EV=ABSCT(N*3)-SAVE)
IF (07EV-IEVMAX) -139-21592191

210 )E7VMAX=DEV
219 CONTINUE

SAVE=TIAN, 1)
:30UTSPHT( T( N,1) ,N)
:?IN=SPH-T(T(N-191) ,N-1)
7MSS=EMISS(T(N,1)qL(N)qN)
IADOUT(.Nb=SIGMA*ARAOJ(N)*EMSS*(T(N,1)k*4-SQRT(T(N,1)/T(N,3))

1&1( N,3) **4)
T(N,1)=(MJ -rT(N+1)*CPOUT&TOATUM-RADOU(J~N),4JET(N)*CPTN*cr(N-1,1)

1-TDATUM),P2fHCONV(N)*T(N,3)+2-.E-5*(MJET(N)*JJET(N)**2-MJET(N.1)
2&JJET(N.1).&2))/(MJET(N+1)kCOUTtP2*HCONV(N))
TtN,1)=T(N1)R#(T(N1)-SAVFE)
JEV=ABS(T(Nvi)-SAVE)
IF (OE-V-DEVMAX) 225,225,220

220 )E-VMAX=D0V
225':DNTINUE

)0 ?26 J=NSEPN
T(Jv?)=T(Jvl)

226 :3Nr[NUr-
SO TO 30i

C TH:- CASE WHERE THE JET REACHES THE JALL AT TH7 AUGMENTEI EXIT
230 3AVE:'T(N93)

IADIN(N)=0.
)0 ?35 I111,N
7:MSS=EMISS(T( 11,1) L( II) ,II)
4LFA=EMSS&SQIRT(T(II91)/T(N93))
IADIN(N)=RAD[N(N)+SIGMAhARAiD(II)bF(IIN).(E9'SS.T(11,1)**4-ALFA

1*T(N,3) e.4)4PT*FI (IlN)h(1.-;EMSS)*(T( II ,3)**4-T(N,3)**4)
235 CONTINUE

T(N,3)=APlB(N)kT(N,4)+P3*T(N-193)+KAE-XT*TEXTP2*HC0NV(N)*T(N,1)
1.+RADIN(N))/(PlB(N),P3.KAEXT.P2hHCONV(N))
rcN93)=T(N93)4.R*(T(N,3)-SAVE)
)EV=ABSC T( N,3)-SAVE)
IF (OEV-DEVMAX) 245,2459240

240 D)EVMAX=DE-V
245 :ONTINUE

3AVE=T(Nol)
:POUT=SIDHT(T(N,1) ,N)
:3ITJ=SPHT(T(N-1 ti) #N-1)
7EMSS=EMISS(T(Nt1) oL(N ),N)
IADOUT(NV=SIGMA*ARAO(N)*EMSSh(T(Ntl)**4-SQlT(T(N,1)/T(N,3))

1&T(N93)**4)
T(Ntl)=(MJET(N+1)*CPOUT*T0ATLJM4MJET(N)*CPIN*(T(N-ltl)-TDATUM)43 2
1riCONV(N)T(N3)0.240OE1M(N)*(T(N-192)-TDATUM)-RADOUTCN)
2,2.E-5d(MJET(N)*UJET(N)*&2-MJET(N41)*UJET(N*1)**2))/(MJET(N*1)
3*CPOUTo.P2 *HCONV(N) )

)EV=ABS(T(Ntl)-SAVE)
IF (DEV-DEVM AX) 255,255,250

?50 DEVMAX:!)EV
255 :DNTINUE
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SO TO 30i
C THE :AS7 WHERE THE JET NJEVER REACHES TIlE AUSJVMENTER WALL

260 SAVE=T(N,3)
IADIN(N)=0.
)O 265 111N
:4SS=ErISS(T(IIql)9L(1),II
ALFA=EMSS*3QRT(T(IIv1)/'4(N93))

1e T( N,3) *4) P7aF1( II, N)* (l.-EMSS) .A( 11,3) *4-('4 3)* *4)
265 :ONTINUE

T(N,3)=(PlB(N)*T(N,4)+P3*T(N-193).KA--XT*T7-XT+P2*HCONW(N)*T(N,2)
1.RADIN(N))/(PI9(N).*P3*KAEXTP2*HCONI(N))
r(N,3)=TCN,3)+R*(T(Nv3)-SAVE:)
OEV=ABS(TCN, 3)-SAVE-)
IF (OEV-')EVMAX) 275,275,270

270 3EVMAX=DEV
275 :DNTINUE

SAVE=T(N,1)
lADOUT(N)=0.
.NSS=EMIS:S(T(N,1),LV1)vN)
30 280 II=1,N
ALFA=EMSS*SORT(T(Ntl)/T(II93))
IADOUT(N)=RADOUT(N)+SIGMA*ARAO(N)*F(NII)*(EMSS*ICNt1)**4-ALFA

I*T( II 3)**4)
280 CONTINUE

:3OUT =SPIT (T( N, ) N )
T(N,1)=(MJET(N1)*CPOUT*TDATJM.MJET(N)*CPIN*(T(I-,1)-TDATUM)+

13.24*OELM(N)*hT(N-192-TDATJM)-RADOLJT(N),2.-9A5*MJET(N)*
2JJETCN)**2-MJET(N+1)*UJET(N,1)**2))IMJET(NG1)/CPOUT

DEV=ABSCT(NYtl)-SAVE)
IF (DEV-OEVMAX) 29092909285

285 OEVMAX=DEV
290 :ONTINUE

SAVE=T (N,2)
T( 9 ) ( . 4 M E ( + ) T A U +M -( ) ( ( - 9 ) T A J )P

1*4CONV(N)*T(N,3))/(0.24*MSEC(N,1 ) P2'.HCONV(N))
T (N9?2)=TCN,2 )+R*( T(N92 )-SAVE)
)EV=ABS(T(N92)-SAVE)
IF COEV-DEVMAX) 300,300,295

295 3EVMAX=DEV
300 CONTINUE
305 :ONTINUE

C
C CH7::K TO SEE IF ITERATION IS CONVERGING

IF (OEVMAX.LE.DSAVE) GO TO 310
JRITE(6936)
WR ITE(6949)
ORI TE(6,38)
30 TO 500

C CH7E:K TO SEE IF ITERATION HAS CONVr_1GrD TO ALT41IN TOLERANCE
310 IF (OEVMAXeLE*TOL) GO TO 405

C
400 :ONTINUE

C
WRITE-(6936)
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JRITE(6951) 'OL91TER
JRITE(S938)

405 ZONTINUE
dRIT7(6939) TDEVMAX

C CONVERT TEM3S FROM RANKINE TO FAHRENHEIT AND ) 'INT IESULTS
)O 410 M=1,N
20 410 J=194
rE-MP( MJ):T (MgJ)-460.

410 ODNTINUE

ISEC=O
30 415 M=195
.IM=10.M
IPRINT=MINO(LIMN)
I3RNT=MIN0(LIM9NSEP-1)
JR ITE (6,52)
JRITE-(6944) (Z(J) ,J=IlgPRINT)
WRITE(6,53) (TEMP(J,1 ),J=II9IPRINT)
IF (ISEC.GT.0) GG TO 41?
JAIT7:C6954) (TEMP(J,?) ,J=II91PRNr)

412' oJRIT--(696) (TEMP(J93) ,J11 ,IPRINT)
iRITE(6,57) (TEMPCJq ),J=IIIPRINT)
IF (IPRINToGEwN) GO TO 420
I I=IPRINT.1
IF (TPRNJT*GE.JK) IS.7C=l

415 :ONTINUE
420 :ONTINUE

C PRINT JET VELOCITY AT AUGMENTER EXIT
JRITE(6969) UJET(N)

C PRINT THE HEAT TRANSFER CHARACTERISTICS OF THE JET :XHAJST
)O 421 M=lN
7.MISM)EMISS(T(Mrl)vL(M),M)

421 DONTINUE
II=1
)0 422 Mzl,5
LIM=10*M
IP'RINT:?41NO(LIM,N)
JRITT(6972)
JRITE(6944) (Z(J) .J=I i tPRINT)
JAITE(6973) (HCONVCJ) ,J=IIIPRINT)
dITEC(6,74) (EMIS(J) ,J11 ,IPRINT)
IF (IPR[NT.GE.N) GO TO 423
I I=IPR1 NT.1

422 :ONTINUF
423 :ONTINUE

C
C CAL:ULATE T4E STEAM GENcERATION....ASSUMEc FEED WATER ENTERS THE BOILER
C IN A SATURATED CONDITION

IF (1YPE.EG.11 GO TO 500
IF (TYPE.E~o2) WRITE(6,28)
U (TYPEeEg.3) WRITE(6929)
t= (TYPE*EQ.4) WRITE(6*3I)
IF (TYPE.EQ.3) GO TO 455

C STrEAM GENERATION IN WATER WALL BOILER
30 414 I11N
QC3NV(I )0.
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3ADSTc 1)=0.
4.24 CJNTINUE

8430ILC1)=A30tLC1)/(IBACK-IFRONT)
MSrMI(IFRONT)=ABOIL(1)/2..P43(IFIONT)*(T(IFIONT,3)-T(IFR3NT,4))

Ii'HSTM(l)
4STM1(IBACK)=AF3OIL(1,/2.*P43(IBACK)&(T(IFBACK,3)-T(I8ACK,4))

1/HST4( 1)
3TE AM I=MST Ml(I FRONT)+ MST Ml( IACK)
J:RONT= IFRONT.1
J3ACK=I93ACK-1
)0 4?5 I=JFRONTJBACK

3TEAM1=STEAMI+MSTM1CI)
425 CONTINUE

rSTM( 1)=rSrM(1)-460.
4iOIL(1)=ABOILC1)a(I3ACK-IFRONT)
aTOT=STEAMl*HSTM( 1)
WRITE(6932) TSTM(l) ,PSTM(1),HSTM(1),ABOILCI)
ARITE(6977) FRONTOACK
JRIT:-(6953) STE AM I
WRITE(6976) OTOT
JRITE(69,59)

)0 430 I=195
LIM=10*1
IPRINT=MINU(LIMvN)
dRIT7(6v44)CZ(J)vJ1I[,IRINT)
4RITE(6961 )(MSTMI(J),J=[I, IPR INT)
IF (IPRINT.GE.N) GO TO 435
II: IPRINTel

430 :ONTINUE
4.35 ZONTINUE

C CAL:ULATE AND PRINT FRACTION O= STEAM GENERATION DUr TO CONVECIOM1

C AND TO RADIATION
)CONV(IFRONT)=HCONV(IFRONT)*P2*(TCIFRONT,2)-T(IFRONT,3))
IADST( IFRONT)=RAO IN(lIFRONT)/2.
)TOT=ABS(QCONI(IFRONT).ABiS(RADST(IFRONT))
ICONV( IFRONT)=QCONV(IFRONT)/QTOT
IADST( IFRONT$=RADST(rFRONTJ/Q TO!.
2CONV(J5ACK)HCONV(I3ACK)&P2*(T(IRACK?)-TI3ACK,3))
AADST(I8ACK)=RADlN(I3ACK)/2.
QTOT=ABS(OCONV(19ACK))+ABS(RADST(I3ACK))
2CONV(I3ACK)=QCONV( IfACK /QT3T
lADST(IBACK)=RADST( I3ACK)/QT3T
)D 440 I=JFRONTgJBACK
3CONV(I)=HCONV(I)aAREAR*(T(I,2)-T(193))
lADST (I JRADPJ( I)
JTOT=ABS(QCONV(I))4.ABS(RADST(l))
RAOST( I)=RADST(I)/QT0T
OCONV(I )=CONV(I)/QTOT
IAOIN( I)=RADIN( 1)/QTOT

440 O3NTINUE
11=1
JO 445 1=195
LIM=10*1
l3RINT=MIN0(LIMN $
WR 1T C 6 96,2)
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b alUTE'(6,63) (3COlJV(J) ,J-IIsERINYT)
JRITz(,~4 (RAD3T(J) ,J=II IPRINT)
Iz. (IPRINT.GE,-N) GO To 450G
II=IDIRINT,1

445 ZONTINUE
450 CONTINUE

IF (TYPCE.EQ.?) GO TO 4603
C STEAM GENERATION IN CONVJECTION 3CILER ....A~SUM FLOW OVER STAGSFR70
C WATER TUBES .... PR3P7RTIES WILL BE 3ASED UPON FILM CONDITIONS

455 :PAVG=(0.24*MSEC(N).zPOUr*MJ7-r(N))/(MSEC(N)+MJEr(N))
TAVG=TDATUM.(0.24*MSC(N)*T(N,?)-OATUM)4.C'OUT*MJ:-T(N)*(T(NH)
1TDATUM))/(CDAVGh(MS7C(N)?MjE-T(N)))
TGAS=TAVG
TAVG=0.5&(TAVfc.TsTM(2))

C us: THE EUCKEN EQUATIONS To rSTIMAT7 :JNDUCTIVITY AND VISCOSITY
-ACTOR=TAVG**1.5/(225.+TAVG)
<A R=9. 26E-4*FACTOR
MUAIR =2.694E-3*FACTOR
IHOAIR=PRESS/RAIR/TAVG
iCONV=(MSEC(N).MJET(N) )IAAU3/RHOAII
HTUBE-S=0.237*KAIR/DTUBE*(RHOAIR&VCONV*DTUJBE-/MUAIR)**0.6

C IT lAS BEEN ASSUMED THAT THE JET ANO SECONDARY FLOW ARE COMPLETELY
C MIX7O BY THE_ TIME THEY REACH THE CONVECTION BOILER

3STM2=HTUBES*ABOIL(2)*(TGAS-TSTM(2))
STEAM2=QSTM2/HSTM(2)
TSTM(2)=TSTM(2)-460.
TIASTGAS-4SO,.
)rUBF=12.*DTUBE

* WRITE(6,33) TSTM(2),PSTM(2),HSTM(2),A3OIL(2) ,DTU'E
41 ITE(6966) STEAM2
dR1 TE (6,71) TGAS, HTU3ES, OSTM2

460 CONTINUE
C
C DET7ERMINE THE ECONOMICS OF GAS TUR3IN-: TEST CELL HEAT RECOVERY

IF (TYPE.EO.43 WRITE(6,9
bRITE(6979)

461 IF (TYPE9E~o3) GO TO 475
C FIR3T FOR THE WATER-WALL HE_:AT 7XC HANGER

IF ((1N02.o;Q.1J.AND.(TYPE.NE.'4)) WRITE(6,9)
IF ((IN02*EQ.2) .ANO.(TYPfE*EO.4) I WRITE(6,9)
IF ((lND2oEQ.O).DRwCIND2.GE.7)) WRITE(SB1) PR IC:
IF ((IND2.GT.0).AN)oC1N02.LT.7).AND(TYPrEo.4)) WRITE(6991)

C CALCULATE THE VALUE OF THE STEAM GENERATED
LALUE1=0.365E-3*STEAM1*HSTM( 1 )TIM:-aCOST

C CAL:JLATE TqE PRESENT VALUE OF THE SAVINGS ACCUMULATED OVER THE
C ECO4I3MIC LIFE OF THE HEAT RECOVERY HEAT EXCHANGER

'V( 1)=VALU7E1aRATI 0
IF (PV(1)eLT.O.) PV(l)=O.
SIR( )=PVC1)/PRICEI
)0 465 1=2925
>V(I)=PVCI-1).VALUEl' RATIO**I
IF (PVCI)*LTsO.) PV(I30O.

465 :ONTINUE
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I= C(IND2.E'lo3 .0Ro(IND2 .GE.7)) WRITE(S942) OISCvCOSTvESC

)a 470 I195
J=9*I

470 :ONTINUE
479 IF tTYPE.EQ*2) G~O TO 495

C THE'J FOR THE CONVECTION HEAT EXCHANGER
1= ((INDl9.E).3).AND.( TYPE.Nrs4)) wRITEt6,9)
1= ((j10J2aEQs4 ).ANDe(TYPEeE~o4)) WRIrE(Sip9)
IF C(INO:'O.0).OR.(IN02.GE.*7)) WRITE(6938) PRICE2
IF ((IND'.GTe0) .AN).(IN02.bLT.7).AND.(TYPE.:23.4)) WRITE(6,92)

C AS k3OV;-v CALCULATE THE VALUE 3F THE STEAM 3EN7ERATE)
VALUE-1=0.365E-3*qTc-AM2*HSTM(2 )*TIME-*COST
3V( )=VALUEl "RATIO
IF (PV(l)eLTeO.) PV(1)=g.
3rR(1 )=PVC1 )/PRIZE2
)0 410 I=2925
VI) =P V( I-1)+ VALUE 1" *RAT IO**I

IF (PV(I).LT.O.) PV(I)0O.
3IRCI )=PV(I)/PRICE2

480 :ONTINUE
IF ((IND2o.E:Q.O).oR. (IND2.GE.7)) WRITE(5,87) DISCPCOSTESC
JRITE(6983)
)O 4R5 I=195
J=5*1
~dlTE(G,,34) JTIMEtPV(J) ,SIR(J

483 :ONTINUE
495 TIME=2.*TIMZ

IF (1N02oE~o3) TIME=3.
Im (IND2.EQ.4) TIME=5.
IF (1ND2.EQ.5) TIME:%3.
I ND2=IND2+1
IF (IND2.LT.7) G0 TO 461

500 STOP
I =ORMAT(I5)
2 =ORMAT(3F10a0,2F10.3)
3 =ORMAT(2Fl0.l)
4 -ORMAT(4F10.l)
6 FORMAT(6F10.2)
7 =ORMAT(2c'10.3)
8 =ORMATC4FIO.19F10.3)
9 =ORMAT(1HJ)

11 ORMAT(14193XAUGMENTER GEOMETRY")
12 =DRMAT(IH09l0X,"INITIAL AREA OF JET "vF5.2," S2FT"v/11X9"CROSS S
1:CTIONAL AREA OF AUGMENTER = 0F5.19" SOFT,9/I1X,"LENGTH OF AUGM:N
2TER = "PF5o1," FT",/IXt"THICKNESS OF AUGMENTER WALLS =",F5.39" I
3'",/11Xi"THICKNESS OF ACOUSTIC PILLOWS = ,1F .2," TN"//

13 =ORMAT(11 o3XP"PHYSICAL CHARACTERISTICS OF JET EXHAUSTO)
14 =ORMAT(lHO,1OXt"MASS FLOW RATE OF JET ="9F4.09" LB/SEC,9/11X,"TOT

1AL TEMPERATURE = ,F5.oU DEGF"vf11X,"TorAL PRESSURE = ,9F4*1," PS
21A"9/11Xt"RATIO OF SPECIFIC HEATS = ,F4.2)

15 =ORMAT(lH ,1OX9"COMPOSIT ION OF EXHAUST (PERCENT WEIGHT)")
17 =ORMAIC IH ,1 iX,"OXYGEN.os.. .*...... .. "5*9.2,IX,"NITROGEN...eoo
lo.."*F5.2t/ll3X9"CAR8ON ')IOXrDE. .. .. "tF5*29/16X ,wCARRON MON OXIDEee

3@ee"9F9.2v/1lX,"LENGTH OF LUMINOUS JET Z"tF59l" FT"/)
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13 :3RMATClil ,5X,"Pt4YSICAL CHARACTERISTICS OF SECONDARY FLOW*)
19 :ORMAT(lHtO910X,"SECONDARY FLOW RATE = "9:-3.09" L3fSE:",/11Xv"sTAT[

I- TEMPERATURE =",F4*O," DEGF"//)
21 :7RMAT(14 ,5X9"H-EAT TRANSFER PROPERTIES")
22 l'DRMAT(1HOv,)Xp"THcERMAL CONDUCTIVITY OF AUGMENTER WALLS "9411

I 3TUf4R-=T-3EGFm)
23 I*ORMAT(1H ,IOX.,"THERMAL CONDUCTIVITY OF ACOUSTIC PILLOWS v53

1" BTU/HR-FT-0EGFu)
24 70RMAT(lH 910XIIEFFECTIVE HUSH HOUSE CHARACTER IST ICS")
26 7ORMATC1H 915X,"TEMPERATURE AT AUGMENTER INLET = "tF4*O," OEGF'gf1

1 SX,"CONDUCTANCE AT AUGMENTER INLET = ",E9.39" 3TU/HR-DEGF"q/16X9"T
2E-MPERATURE AT AUGMENTER EXIT = 0,F4.O," 9E3F",/1SXqn"ZONDUCTANC:_ AT
3 AUGMENTER EXIT = "U.9.3,U 3TUIHR-1EGF"II)

27 7ORMAT(lH 9SX,"THE FACILITY HAS NO BOILERS"/)
28 FORMAT(1H195X9"THE FACILITY HAS A JATER-WALL 90ILER WRAPPED AROUND

1 THE AUGMENTER"//)
29 :(JRMAT(1Hlt3X~wTHlE FACILITY HAS A STAGGERED WATER-TUBE 90ILER IN T

i-C" GAS PATH AT THE AUGMENTER EXIT")
31 "ORMAT(1H195Xt"THE FACILITY HAS 30TH A WATER"-WALL BOILER WRAPPED A

IlOUN) THE AUGMENTER AND,9/6'X,"A STAGGERED WATER-TUBE BOILER IN THE
2 GAS PATH AT THE AUGMENTER EXIT"//)

32 :-ORMAT(1H v/6X,"hIATEA-WALL BOILER CHARACTERISTICS",/16X,"STEAM TEM
13ERATURE = 119F4.09" DEGF",p/1S;XqSTEAM PRESSURE = "#F5el," CDSIAU,/1
2 GX9"HEAT OF VAPORIZATION =",1F6.I," BTU/LB',/16X, "TOTAL HEAT TRANS
3 ER AREA = ",F9.o," SQFT"/)

33 7ORMAT( lHO,//GX,"CONVECTION WATEI-TJ9E BOILER CHARACTERISTICS",/16
1K9"STEAM TEMPERATURE = ",F4.09" 3)E3Fwv/1GX,"STEAM PRESSURE = "tF5.
21," PSIA",/16X,"4EAT OF VAPORIZATION =",F6.1," BTU/LB"9/16X,"TOTA
3L HEAT TRANSFER AREA = ",F5*O9u SQFTU,/ISXsUOUTER 0IAMETER OF TURE

34 :'ORMAT(IHO,3Xt"BULK VELOCITIES AT AUGM7NTER INLET",/11X,"JET VELOC
IITY = ",F5.O,* FT/SEC",/Xv"SECONDARY FLOW VELOCITY =",F4*O," FT
?fSEC"//6Xq"CRAYA-CUlTET NUMBER = 119F4.2/)

37 :CRMAT(1H ,5XITERAT ION FOR JET SEPARATION POINT IS DIVERGING, AN
1ALYSIS IS TERMINATED*/)

38 - OR MAT ( H,5X * * * * ** * ****.*..********* *

39 ORMAT(1H ,5XITERATION FOR JET SEPARATION POINT DI) NOT CONVERZGE
I To WITHIN "9F3.190 FEET AFTER "9139" ITERATIONS"/)

41 :-ORMAT(1HO,3X,'6JET EXHAUST REACHES THE AUGMENTER WALL AT AN AXIAL
1)ISTANCE OF "vF4.O," FEET FROM THE INLET"/)

42 :3RMAT(1HO,5X,"JFT EXHAUST NEVER REACHES THE AUGMENTER WALLS"f)
43 ORMAT(1IHO,9/6X9 "MASS FLOW RATES (LB/SEC) VARIATION WITH AXIAL LOCA

iTION (FT) AND JET RADIUS (FT)"/)
44 :'ORMAT(IH ,9X,"DIST FM INLlET",1KI1lO2)
46 7)RMAT(14 t5X,"RAD1US OF JET",1XIOF1O.2)
47 :ORM4AJ(IH 95Xi"JET FLOW",6X91OF1O.2)
48 ORMAT(1H ,5X,"SECONOARY FLOW",10F10*2)
49 :jMA(14 9XITERATION FOR TlEM3'RATURES IS 0IVER7IJG, ANALYSIS I

1S TERMINATEDN/)
51 ORMAT(lH. ,3XITERATION FOR TEMPERATURES DID NOT CONVERGE TO W[TH

114 "tF3.l,"DEGF AFTER "o1390 ITERATIONS"/)
52 r3RMAT(1H.1O/SXvwTEMPERATURE (DE3F) VARIATI)'N WIT4 AXIAL LOi-ATIONC

1'T)e THE WALL 00 INCLUDES ACOUSTIC PILLOWS, IF ANY*"/)
53 ORA(1 3X,"JET TEMP",6X910FlO,1)
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54 7ORMAT(IH ,9XSEC FLOW TE'Mo"9lX91O71O1)
56 rORMAT(JH ,53X,"AUG WALL IO',3XvIOFlO.1)
57 :ORMA(I3 ,5X,"AUG WALL OD"#3XtlOFlO.lD
58 ='RMAT(1H4 ,/SX9"TOTAL STEAM GENERATION IN JATER-WALL :30ILER 11,F1

59 :ORMAT(lH,5XIWATER-.WALL STEAM GENERATION (LB/HR) VARIATION WITH
lAXIAL LOCATION (FT FrROM AUGMENTER INLET)"/)

61 ORMATC1H *5X,"STEAM GEN"95X9IOE1O.1)
62 =ORMAT(14 9/4.X,"FRACTION OF WATER-WALL STEAM GENERATION qY CONVECT

HION AND BY RADIATION"/)
63 O7RMAT( IH ,5Xt"CONVECTION",i4X913F1O.3)
64 73RMA1C IH v5Xs*RADIATION",5X,1OR1O.3)
66 ORMAT(1H4 , /6X,"TOTAL STEAM GENERATION IN CONVECTION WATER-TU3E B

101LER = ,tEIO.4t" LB/HR*)
67 :DRMAT(lH 93X,"AMBIENT CONDITIONS")
63 :ORMAT(lH091OX,"TEMPERATURE = ",F4.O," OEG2 /IlX,"CONVrECTIVE FILM

1 COEFFICIENT = ",F5.1i" BTUfHR-3QFT-0EGF"//)
69 ORMAT(1HO,/6X9,3ULK VELOCITY OF J:ET AT AUGMENTER EXIT = 950.

1: */ S7EC" /)
71 =ORMAT(lHO93XteIAVERAGE GAS TEMPERATURE AT BOILER INLET = z 50
1)EGF",fGXqnBOILER OV7RALL HEAT TRANSFER COEFFICIINT = ",5.19" BTU
2fHR-3QFT-DEGF~,/EXq"TOTAlL HEAT TRANSFERRED =",EIO.49" 9rU/AR")

72 'ORMAT(lHO,/6X,"FXHAUST GAS EMIS31VITY AN) CONVECTIVE FILM COE:FIC
lIENT (tTU/HR-SQFT-DE3'F) BY LOCATION"/)

73 7ORMAT(lH~ ,5Xt"FILM COEFF",4XI3F1o.2)
*74 D--RMAT(1 9,3X,"E-:MISSIVITY",4X,1O 71O.4)

76 =*R?4AT(lH ,5Xt"TOTAL HEAT TRANSFERRED = "tE1O.4," 9TU/HR"/)
* 77 ORt4AT(IH 95K,"THE WATER-WALLS ARE LOCAT70 ALONG THE* SECTION BcEGIN

IVING "sF5.19" FEFT FIOM THE AUGMENTER INLET"#/GWAN) E-N.DING AT A
2)ISTANCE-: OF "9F5.1," FE--T FROM THE AUGMENTER INLET"/)

78 FORMAT(Fl11 ,1O2FI .2)
7 9 :ORM4T(1H09//GXq"THE ECONOMICS OF GAS TU39INE TEST CELL ENERGY REC

13VERY")
81 ORMAT(lHO,//6XTHE PURCHASE PRICE OF THE WATER-WALL HEAT EXCHANG,

U-R IS S1,FIO.2v", PAYABLE WH N INSTALLATION IS COMPLETE"t)
82 =ORMATClHOSX,"THE ACCUMULATED PRESENT VALJE OF SAVIV~GS RESULTING

1 RON THE ADDITION OF THt_ WATER-WALL 9011L:_R",/6X,"ASSUMING A DISCOU
2NT RATE OF 69F4919" PERCENT, A CURRENT STEAM PRICE O:- S",F5*29"/MB
3rJ, AND At/rGX9STEAM ESCALATION RATE OF "F4ol," PERCENT")

83 ORMAT( lriO,6X,"ECONOMIC ,6X PP-RATION",11X(,nACCJM PV OF"912XP"SIR
1",IGX9"LIFE CYRS) ",5X,"(HRS/DAY)",1OX,"STEAM GEN ($)")

84 ='ORMAT(11 ogXt12912X9F4.29lOX9Fl4eOtlOX9FSe2)
87 "ORMAT(IH093X9"THE ACCUMULATED PRESENT YALJE OP 3AV1'JGS RESLILTINS

I=ROM THE ADOITION OF THE CONVECTION BOILE7R"9/6X,"ASSJMING A JISCOU
2VT RATE OF ",F#.1," PERCENT, A CURRENT STEAM ORICE 0 S",F3.29"fM8
3tUq AND A"9/6X9"STEAM ESCALATION RAT.E OF "9F4.1," 'EICENT")

98 =0RMAT(1HO,//6X9"THE PURCHASE PRICE OF THE CONVECTION HEAT EXCHANG
1lER IS S1,F1Os2,, PAYABLE WHEN INSTALLATIOJ IS COMPLETE~f)

89 D3RMATC1HO,2X9" SOLUTION CONVERGED AFT':ER "9139" ITERATIONS TO WITH
UIN "sF4o2v" DEGREES"/)

91 -ORMAT(1HO,/6X,"WATER-WALL HEAT TXCHANGER")
92 F0RMAT(1H09f6XwCONVECTION (WATER TUBE) HEAT EXCHANGE:-R")

rND
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:UNCTION SPHT(Ti)
C PRO31AM TO CALCULATE THE MEAN SPECIFIC HEAT BETWEEN T AND 60 37GF
C OF A MIXTURrE OF GASE-S....THcE GASES CONSIDERED ARE OXYGENP NITROGENJ
C CAliON MONOXIDEv HYDROGEN, WATER VAPOR, AND CARdON DIOXIDE
C SPECIFIC HEAT CALCULATED IN BTU/LR-DEGF

JEAL ?WqMOLESsN2,NIT(50) ,MONOX(5O)
OMMON OXY ,NIT ,3IOXWATER, MONOXHYDLUM
)IMENSION OXY(50) ,OIOX(5OJWATER(50) ,HYO(50)
)IMENSION CP(6)
)ATA TDATUM/52O./
SPHT0o.
lELTA=T-TDA TUM
322OXY( I )
N2=NITC I)
:O=MONOX(I I

42=HYDC 1)
420=WATER (I)
C02=DIOX( I)

C F13ST CALCULATE THE MEAN SPECIFIC HEAT OF INDIVIDUAL COMPONENTS
C USINJG THE RELATIONSHIPS OF SWEIGERT AND BEARDSLEY, IEF. GEORGIA
C INST. OF TECH, BULLETIN 2 (193A)

C?(1)=(11.5I5.OELTA-344o (S2 RT(T)-SQRT(TDATUM)).1530.
1a(ALOG(T)-ALOG(17OATUM)))/DELTA.O?

:(2)=(9.47*DELTA-3.47E3*(AL0G(T)-ALOG(T3ATUM))-I.j16
1e(Ie/T-lo/TOATUMI )/D:ELTA*N2

PC3)=( 3.46*DELTA-3.29E3*(ALOG(T)-ALOG(TOATUM,)-107TE6
1&(l./T-l./TDATUM) )ID7LTA*Co
70(4)=(5.76*0DE-LTA*2.R9E-4*(T**2-TOATUM**?,),)+4. d(SQRT(T)

1-SORT(TDATUM)) )/DELTA*142
?P(5)=(19.86iDELTA-I194.h(ST.RTCT)-SQRT(TDATJM) ).75(10.

l1&(ALOG(T)-ALOG(TDATUM)))/OELTA*420
:P(6)=(1I6.2*DELTA-6.53E3*(ALOG(T)-ALOG(TDATUM))-1.,4lE6

1*(l*/T-1./TOATUM) )iDELTA*C02
C THE TOTAL NUMBER OF MOLES IN THE MIXTURE

'1OLE S =02. N 2. CoH2+.H20.Co 2
C THE MOLECULAR WEIGHT OF THE MIXTURE

MW=C02*32..N2*?8..CO'2B. ,H2*2.,H20&18.,CD2.44.)/MOLES
C ALL3JING THE MEA'o SPECIFIC HEAT TO 3E aETErRMINEO'

20 5 J=1#6
SPHT=SPHT+CP(J) IM0LES/MW

5 CONTINUE
AET UR N
-ND
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'UNCTION EMISS(TLq1)
C PROSRAM TO CALCULATE THE EMISSIVITY OF A MIXTURE OF COM3USTTON GASES*
C CAR30N DIOXIDE, WATER VAPOR, AND CA33N MONOX13E ALL CONTRI;3UT7- AND
C THEIR INDIVIDUAL EMISSIVITIES ARE 09TAINED FROM CURVE FITS OF THE
C TA3LES OF 'CAJAMS, *HEAT TRANSMISSION", MCGRAW-HILL9(1'954)

REAL LvMOLZ~vN2 ,NIT(50)vMONOX(50)
:OMMON OXY ,NIT ,DIOX ,WATE-R ,MONOX ,tYD, LUM
)IMENSION OXYC5OI ,DIOX(50),WATER(50) ,HYD(50)
)ATA OELTA/O./

C
C IF SEGMENT "I" OF THE JET EXHAUST IS LJMINOUS, SET THE 7MISSIVITY
C EOJAL TO ON:-

IF (I.GTeLUM) GO TO 5
rEMISS1l.
;D TO 50

C
5 02=GXY(I)

42=NIT(I)
O3=MONOX(I)
42=HYD( I)
.420:WATER( I)
'02:O IOXC I)

C CALCULATE THlE PARTIAL PRESSURE OF INDIVIDUAL GASES IN ATMOSPHERES
C ASSJMING A TOTAL PRESSURE OF ONE ATMOSPHERE

MOLES=CO2.H2D+C04-02+N2+H2
2CO 2C0 2/MOLE:S
3,H20= H2 0/M OLE S
?CO=COIMOLC:S

C THE INDEPENDENT VARIABILE IS PARTIAL PRESSURE TIMES MEAN BEAM LENGTH
'CO2L=PC02 hL
PH2OL=PH20.L
3COL=PCfl'L

C
C CALCULATE EMISSIVITY OF CARBON DIOXIDE

IF (PCO2L*LE*0.) GO TO 10
'OWER=-0.721.O.215*ALOG1 0(PCO2L)
E-MAX=-0 .04+10.''POWER
TMAX=26 jO.+800.*ALOG1O(EMAX)
3DWER=C (T-TMAX)/2B00. ) *2
3OWER=EXP( -POWER) -1.
7-C02=EMAX*10.**POWER

C CORRECT FOR OVERLAP WITH WATER VAPOR
:-CO2=ECO?-DE-LT A
30 TO 15

to ECO2=0.
C CALCULATE EMISSIVITY OF WATER VAPOR

15 IF (PH20L*LEaO*) GO TO 20
7EMAX=2.+ALOG10(PH2OL)
EMAX=-2.0974O..R21.EMAX-0.1115*EMAX*(EMAX-1.)-O.OO5S7.EMAX

'OWER=(EMAX-O.59)e(T.5OOO.)/700.+0.59
'H20=10 .**POWER

C CORR-:CT FOR PARTIAL PRESSURE OTHER THAN ZERO
H2O:EH2O.(1..(#).62-0.1.ALOG(PH2OL))*PH20)

10 TO 25
20 EH2O:O.

C CALCULATE EMISSIVITY OF CARBION MONOXIDE
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25 IF (3COL.LE.0.O) 30 TO 30
'OWER=-O.8477+O .1809*ALOGlO CPCOL)
7MAX=-0.0403+10.a*PO.JER
IMAX=1600.+3280.*aC0. 122-EMAK)

3OlWER=( (T-TMAX)/liMO. **2
'OWER=-1 ..EXP(-POWER)
7C^O=EMAX.10. * POWER

C C011ECT EMISSIVITY OF CO FOR OV7IRLAD WITH C32
ECO=0.7*7-CO
50 TO 35

30 :-CO=o.

C CALCULATE THE TOTAL EMISSIVITY OF THE COM3USTION GASES
35 7MISS=EC02+EM2O4ECO

IF (EMISS.LE.l.) GO TO 50
WRITE(6,1)

LWRI TE (6,2)
JlITE(G93)

50 17TURN

2 ZDRMAT(lH ,116Xt"EMISSIVITY GREATER THAN OE..Tr GAS COMPOSITI
13N IS PROBABLY INCORRECT")
3 FORMAT(lH ,/Xu***a****.****,.***,*&**.

7 ND
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;JRROUTINE SHAPE(RIvRO9LvF9N)
C PRD;RAM TO CALCULAU7 THE SHAPE FACTORS FOI RA)IANT HEAT TRANSFER
C 8ETdEEN CONCENTRIC CYLINDERS OF VARIOUS LENGTHS AND ASPECTS
C THE EXPRESSIONS USED HERE WERE DEVELOPED FROM 'EXPRESSIONS FOR SHA'IE
C FACTORS Dr-RIVED iY LEUENBERGER AND 3ERSON9 "CIMPILATION OF RADIATION
C SHA3E FACTORS FOR CYLINDRICAL ASSFM3LIES"t ASME PAPER 56-A-144 (1956)

IEAL LL1
)IMENS ION F(50,50 ) RI 50) ,Fl(2)

C
C FIR3T CALCULATE SHAPE FACTORS OF DIRECTLY OPPOSED SEGMENTS

)O 5 I1,N
IF (RIcI).Lr.RO) GO TO 2
- (,1 )=1.00
30 TO 5

2 7 =L
IF ((.QI.R(.ON)Z=O.5*L
A=Z**2-RO**2+RI(I)**2
1'zZ**2RO**2-R(I)a**
=A/3

)=Z**2eRO**2.RI(I)**2
- (191)=.-.(ACOS(C)-.5/Rl()/Z*(QRT(D***)-(2. aRI(I)*RO)*e2)

1hACOS(C*RI(I)/RO)+A*ASIN(Rt(I)/RO)-0.5aPI*,3))
5 :ONTINUE

C AND THEN ALL OTHERS
34n I:1,N

)3 39 J=19N
IF (1.EQ.J) GI TO 35
U(RI(I)oLT.RG) GO TO 10

33 TO 35
10 ZONTINUE

IF (JoGT.I) GO TO 20
C
C FIR3T9 SEGMENTS RADIATING 'UPSTREAM"

JJ=J,1
11=1-1

IF (I.EO.N) L1ZL1--0.5*L
)0 15 K=192
?4LI* ,:--RO**2+R 1( 1) **2
3=L1A .2+RO**2-RI( I)ob*2
:A/B

2-0.5*PI *-3))
LI=Ll-L

15 )-NTINUE

Ir (Io..QN) Z=O.5*L

C NOT:- THAT THESE ARE COMBINED SHAPE FACTORS AND NEED TO 3E SEPARATED
30 TO 35

C
20 O3NTINUE

C AND THEN SEGM4ENTS RADIATING "DOWNSTREAM"

D- 22
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JJ=J-I
* Ll=(J-I+1 )*L

17 (I.EQ.1) L1:Ll-0.5*L
')D 25 K=19?
A=Ll**2-RO**2+RI(I)*,*2
3=Ll**2&O*.2-RqI) .*2

):Ll*.2+RO**2+RI( I) *2

2-0.5*PI*R) )
1=J-I )*L

25 CONTINUE

I= (I.EQ.lJ Z=0.5*L
=(It)=.5, IFTo)-(R O.*2-Rl IC *)/Rl[I )/Z*(Fl(IJ -Fl(2)J))

IF (J.LE.II) GO TO 35
)0 30 K11,tJJ

30-ONTINUE
35 :ONTINUE
40 :ONTINUE

C
C SEPARATE THE "UPSTREAM" SHAPE FACTORS

)O 55 1=39N
JJ=I-2
LL=I-l
)O 50 M=1,JJ
J=JJ-M+1
(K=J.1
30 45 K=KKLL

45 :ONTINUE
50 :ONTINUE
55 CONTINUE

I ET UR N
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SJBROUTINE SHAPEl(R,7,FN)
C PRO31AM TO CALCULATE THE SHAPE cACTOR rlR RAIIANT H7EAT TRANSF7ER
C 9ETIJEEN FINITE RING AREAS ON INTERIOR OF RIGHT CIRCULAR CYLINDE9
C REF.a*HeOTTEL AND SAROFIM, "RADIATIVE TRANSFERN, MC.AAW-HILL, (1-367)

)IMENSION F(90950)
JATA PI/3o14101

C
)0 10 I=19N
30 10 J=1,N
IF (I*EQ*J) GO TO 5
4=IABS( 1-13*Z

- (IABS(I-J).1.)*Z

F(1I J)=PI/2.(B**2B8*SGRT(4.*R**2,6h2)2.*CA**2-A*SQRT(4.*R**2
1,A..2)),Ch*2-C*SQRT(4.*R**2+C**.-)I
30 TO 8

5 r(Ij)=P1*(2.*R*Z+Z**2-Z*SQRTC4. &R**2,Z.*?))
8 AREA=2.*PI*R*Z

( I J)=F( IJ)/ARFA
10 :INTINUE

AETURN
:-ND
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TYPICAL RESULTS

This particular summary is for the J79 at A/B being tested in the
hush house at the Marine Corps Air Station, El Toro, Calif. Waterwalls
and a water tube boiler are examined together in order to illustrate the
capabilities of the model.

AUGMENTEA GEOMEIRY

INITIAL AREA OF JET = 4.20 SOFT
CROSS SECTIONAL AREA OF AUGMENTER = 63.0 SOFT
LEN5TH OF AUGHEVTER = 67.0 FT
THI:KNESS OF AUGMENTER WALLS .111 IN
THIZKNESS OF ACOUSTIC PILLOWS = 6.00 IN

PHYSICAL CHARACTERISTICS OF JET EXHAUST

MASS FLOW RATE 3F JET = 180. LB/SEC
TOTAL TEMPERATUIE = 3060. OEGF
TOTAL PRESSURE = 36.8 PSIA
RATIO OF SPECIFIC HEATS = 1.40
COM)OSITION OF EXHAUST (PERCENT WEIGHT)

OXYGEN................. 0.00
NITROGEN.............75.00
CARBON DIOXIDE.....16.00
CARBON HON3XIOE..... 1.00
WATER VAPO............ 8.00
HYDROGEN............ 0.00

LENITH OF LUMINOUS JET = 0.0 FT

PHYSICAL CHARACTERISTICS OF SECONDARY FLOW

SECINDARY FLOW IATE 1130. LB/SEC
STATIC TEMPERATURE 75. OEGF

AMBIENT ONDITIONS

TEM'ERATURE = 15. DEGF
CONVECTIVE FILM COEFFICIENT 5.0 BTU/HR-SOFT-DEGF

HEAT TRANSFER PROPERfIES

THEIMAL CONDUCTIVITY OF AUGMENTER WALLS 30.0 BTU/HR-FT-DEGF
THEIMAL CONDUCTIVITY OF ACOUSTIC PILLOWS .050 BTU/HR-FT-DEGF

EFFECTIVE HUSH HOUSE CHARACTERISTICS
TEMPERATU r AT AUGMENTER INLET = 70. DEGF
CONDUCTANCE AT AUGMENTER INLET = .500E.03 BTU/HR-DEGF
TEMPERATURE AT AUGMENTER EXIT z 150. DEGF
CONDUCTANCE AT AUGMENTER EXIT = .500E*03 3TU/HR-DEGF

BULK VELOCITIES AT AJGHENTER INLET
JET VELOCITY = 2928. FT/SEC
SECONDARY FLOW VELOCITY = 259. FT/SEC

CRAYA-CUATET NUMBER = .62

JET FXHAJST REACHES THE AUGMENTER WALL AT AN AXIAL DISTANCE OF 24. FEET FROM THE INLET
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MASS FLOJ RATES (LBIIEC) VARIATION WITH AXIAL LOCATION 4FT) AND JET 4ADIJS IFT)

DIST FM INLET 0.00 3.72 7.44 11.17 14.99 18.61 22.33 26.06 29.78 33.50
RAOTUS 0- JET 1.16 1.64 2.14 2.64 3.14 3.66 4.19 4.48 4.48 4.46

JET FLOW 140.00 262.61 315.07 51R.96 695.92 908.57 1159.60 1310.00 1310.00 1510.00
SECONDARY rLOW 1130.00 1047.39 934.93 791.14 614.08 401.43 150.40 .00 .00 .00

MASS FLOE RATES CL8ftEC) VARIATION WITH AXIAL LOCATION IFT) AND JET RADIUS (FT)

DIST FM INLET 31.22 40.94 44.67 48.39 52.11 5S5.R3 59.S6 63.28 61.00
RADIUS O JET 4.48 4.48 4.48 4.48 4.48 4.48 4.48 4.48 4.48
JET FLOW 1310.00 1310.00 1310.00 M710.00 1310.00 1310.00 1310.00 1310.00 1316.00
SECONDARY FLOW .00 .00 .00 .00 .00 .00 .00 .00 .00

SOLUTION C3NVERGEO AFTrR 32 ITERATIONS TO WITHIN .84 DEGREES

TEMPERATJRc (DEGFJ VRIATION WIT" AXIAL LOCATION IFT). THE WALL 00 INCLUDES ACOUSTIC PILLOWS. IF ANY.

DIST FMR INLET 0.00 3.72 7.44 £1.1? 14.89 10.1 22.33 26.06 29.78 33.50
J

T
T TEMP 2709.9 1830.4 1417.1 1096.2 861.1 690.0 363.4 509.6 509.7 t09.T

SEC FLOW TERD 15.0 75.3 75.6 75.8 75.9 76.1 76.5
AUG WALL 10 11.4 235.2 264.T 223.7 190.6 169.6 173.9 493.5 498.9 497.3
AUG dALL 00 75.0 75.0 75.0 75.0 15.0 75.0 75.0 75.0 75.0 15.0

TEMPERATJRE (DEGF) V4RIATION WITH AXIAL LOCATION tFT). THE WALL OD INCLUDES ACOUSTIC PILLOWSt IF ANY.

01ST FM INLET 31;22 40Z94 44.67 48.39 52.11 55.3 9.56 63;2 67.00
JET TENP 50.4 501. s S08.8 508.5 508.3 so0°. 309.0 508.2 508.8
AUG WALL 10 353.2 353.2 353.2 353.2 353.2 353.2 353.2 353.2 352.6
AUG WALL 00 S12.0 352.0 352.0 12.0 352.0 352.0 352.0 352.0 352.0

BULK VEL3CITT OF JET AT AUGMENTER EXIT = SO. FPSEC

EXHAUST ;AS ERISSIVITT AND CONVECTIVE FILM COEFFICIENT (RTU/HR-SQFT-OEGF) BY LOCATIO4

DIST FM INLET 0.00 3.72 F.44 ITI.t 14.49 14.61 22.33 26.06 29.78 33.50

FILM COE'F 53.15 17.87 30.71 7.70 S.19 5.45 5.58 23.61 23.61 a3.s

EMISSIVITY .11 .2048 .1991 .1940 .1616 .1530 .13r6 .1241 .1164 .1164

EXHAUST GAS EMISSIVITY AND CONVECTIVE FILM COEFFICIENT (BTUlHR-SQFT-0EGFI BY LOCATION

DIST FM INLET 3Y.22 40.94 44.67 48.39 52.11 55.83 59.56 63.28 67.00
FILM COE'F 23.61 23.61 23.61 23.61 21.60 23.60 23.60 23.61 23.61
EMISSIVITY .1164 .1164 .1164 .1064 .114 .0184 114 1.68 .0164
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THE FACILITY VHAS Ron4 A WATER-WALL BOILER WRAPPED AR OUND THE AUGMENTER AND
ST4GGEI D WABTER-T~iJE BOILER IN TH GAS PAT TTHE AUGMENTER EDIT

AATER-WALL BOILR CH4RACTE~rSYTCS
TEAMT:AE 352. DEGF

STEAM PESSUE 1 38.2 SIA
HEAT OF VA!ORIZAION 8 69.1 IRTU/LB
TOTAL HEAT TRIAFER AREA =950. SOFT

THE MATE?-WALLS ARE -.OCATED ALONG TM- SECTION BrGINVING 40.0 -EET FROM THE AUSRENTER INLET
AND ENDING Al A DISTANCE OF 61.0 FEET FROM THE AUGMENTER INLET

TOTAL ST-AM GENERAT13N IN WATER-WALL BOILER =.400SE.04 LB/HR

TOTAL HEAT TRANSFERRC0 .34B1E.07 BTU/HR

WATER-WALL STEAM GEN--RATION (CR/HR) VARIATION WITH AXIAL LOCATION (FT FROM ALIGRENrER INLET$

01STMFM INLET 0.000 3.72 '.44 11.01 14.89 18.61 22.33 26.06 29.18 33.50
STA GEN 1. . . . . . . . . 0.0
01ST F~m INLET 31.22 40.9: 44.67 4.3;9 52.11l 53.63 590;6 6.0 .0
STEAM GEN 2S9.7 523.3 516.8 514.0 512.6 51I2 512.6 514.2 130.

FRACTION OF WATER-WALL ' TEAR GENERATION BY CONVECTION AND BT RTADIATION

DIST FM INLET 0.00 3.72 1.44 11.11 14.89 1R.61 22.33 26.0S 29.70 33.50
CONVECTION O.O 0.000 0.000 0.000 0.000 0.00 .00 0.000 0.000 0.000 0.000
RADINTIOS1 0.100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

FRACTION OF wATER-wAAL STEAM GENERATION BT CONVECTION AND 31 RADIATION

01ST FR INLET 37.22 40.94 44.67 46.39 52.11 55.83 59.56 63.20 61.00
CONV CT ION ; 35 .61 .7? .;75 .91 .18 ;98 78 8 99
RADIATIDY .065 .039 .028 .025 .023 .022 .022 02 :0il

CONVECTI)N WATER-TU3 BOILER CHARACTERISTICS
STEAM TEMP:RATURE 352. Or GF
STEAMPRESSURE, 130.2 PSIA.
HE AT F VA'ORZIN 869*.1 BTU/LR

TOTA1L HE AT TRIASFE R AREA 1520. SOFT
OUTER DIAMETER OF T UBES 3 3.00 ;NS

TOTAL ST:AM GENERATION IN CONVECTION WATER-TUBE BOILER .ID2OE.05 LBfH4

AVERAGE 085S TEMPERATURE AT BOILER INLET *509. DEGF
bo ILEROVERALLHEATTRANSFER COEFFICIENT1 40.1 BTU/HR-GOFT-OEGF
TOTAL HEAT IRANSFERI .547E 08 BTU/HR
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THE LCON3MICS OF GAS TURBINE TEST CELL ENERGY RECOVERY

THE PURC4ASZ PRICE Oz THE MATER-WALL HEAT EXCHANGER IS SO00000.08, PAYA3LE WHEN INSTALLATION IS COMPLETE

THE ACCU4ULATEO PRES-Nt VALUE OF SAVINGS RESULTING FROM THE ADDITION OF THE WATER-WALL BOILER
ASSUMING A DISCOUNT AArE OF 10.0 PERCENT, A CURRENT STEAM PRICE OF S 9.73/MBTU. AND A
STEAM ES:ALATION RAT- OF 8.0 PERCENT

ECONOMt: OPERATION ACCUM PV OF SIR
LIFE (YRS) (HRS/3AY) STEAM SEN (S)

5 .23 14632. .01
10 .25 27981. .03
15 .25 4019S. .OA
20 .23 51271. .05
25 .25 6140q. .06

THE PURC4ASE PRICE 07 THE CONVECTION HEAT EXCHANGER IS S2000000.00, PAYA3LE WHEN INSTALLATION IS COMPLETE

THE ACCU4ULATED PRESrNT VALUE OF SAVINGS RESULTING FROM THE ADOITION OF THE CONVECTION BOILER
ASSUMING A DISCOUNT IATE OF 10.0 PERCENT, A CURRENT STEAM ?RICr OF S 9.*3/MOTU, AND A
STEAM ES:ALATION RATE OF 8.0 PERCENT

ECONOMI: OPERATION ACCUM PV OF SIR
LIFE lYRS) (HRSf3AY) STEAM GEN ($)

5 .25 48203. .02
10 .25 92180. .05
15 .2i 132301. .07
20 .25 168906. .08
25 .25 202302. .10

WATE[-WALL HEAT EXCHANGER

ECONOMIC OPERATION ACCUM PV OF SIR
LIFE (YRS) (HRS/3AT) STEAM GEN ($I

5 .50 29263. .03
10 .50 55961. .06
15 .50 80319. .08
20 .50 1025*1. .10
25 .50 122816. .12

CONVECTI3N (WATER TUIE) HEAT EXCHANGER

ECONOMI: OPERATION ACCUM PV OF SIR
LIFE (YRS) (HRSIOAT) STEAM GEN (S)

5 .50 96405. .05
10 .50 184359. .09
15 .50 264603. .13
20 .50 337812. .17
75 .%t 9~e04riq.
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WATER-WALL HEAT EXCHANGER

ECONOMIC OPERATION ACCUM PV OF SIR

LIFE IYRS) tHRS/)AY) STEAM GEN IS)
5 1.00 5952?. .06

10 1.00 111923. .11
15 1-00 160638. .16
20 1.00 205083. .21

25 1.00 245631. .29

CONVECTI)N (WATER TU3E) HEAT EXCHANGER

ECONOMIC OPERAFION ACCUM PV OF SIR
LIFE (YRS) (HRS/gAT) STEAM GEN (S)

5 1.00 192810. .10

10 1.03 360718. .IR
15 1.00 529206. .26

20 1.00 675625. .34
25 1.00 80920R. .40

WATER-WALL HEAT EXCHANGER

ECONOMIC OPERATION ACCUM PV OF SIR
LIFE (YRS) (HRS13AY) STEAM GEN (S)

5 2.00 117053. .12

10 2.00 223845. .22
15 2.00 321276. .32

20 2.00 410165. .41
25 2.00 491262. .49

CONVECTI)N (MATER TU3E) HEAT EXCHANGER

ECONOMIC OPERATION ACCUM PV OF SIR
LIFE CYRS) (HRS/DAY) STEAM GEN (S)

5 2.00 385621. .19

10 2.00 737437. .31

15 2.00 1058412. .53

20 2.00 1351249. .68
25 2.00 1618416. .81

MATER-MALL HEAT EXCHANGER

ECONOMIC OPERATION ACCUM PV OF SIR
LIFE (YRS) (MRS/OAY) STEAM GEN (S)

5 3.00 175580. .1n

10 3.00 335768. .34
15 3.00 481914. .48
20 3.00 615248. .62
25 3.00 736893. .74
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CONV CTI3N fQATER TUi-) HEAT EXCHANGER

EC0NOMI- OPERA IOC ACCUM PV OF SIR
LIFE YRSR) (HRS/IAY) STEAM GEN (s)

5 3.03 578431. .2)
10 3.0n 1106 159)- .55

15 3.00 158761A. 15
20 3.00 2026874. 1.01

25 5.00 2427623. 1.21

.ATLR-WAL H7AT EXCHANGER

ECOJOMI: OPERATION ACCUM PV OF SIR

LIFE (YRS) (HRS/)AY) STEAM GEN (S)

5 5.00 292633. .23

10 5.00 559613. .56

15 5.00 8031W1. .no

70 5.00 1025413. 1.03
25 5.01 1228155. 1.23

CONVECTION (WATER TU3) HEAT EXCHANGER

ECCOMI: OPERATION ACCUM PV OF SIR

LIFE (YR3) (HRS/)AY) STEAM GEN (S)

5 5.00 964052. f!
10 5.00 1843592. .92

v1 5.01 26450 . 1.32

20 5.00 3376123. 1.;3

25 5.00 4046039. 2.02

WATEA-WAL HAT FXCHANGER

ECONO MI OPERATION ACCUM PV OF SIR

LIFF (YRS) (f4RS/)AY) STEAM GEN (S)

i 8.00 468213. Jlr

10 8.00 8953PI. .90

15 8.00 12A5103.
R(I. n1 1'650fl. I .5r

4~t n ri1 1965 0143 1')

C:)NV ( II N (WAI I t 1 IJ I 1 ,1AI EXCHANGF R

[CO'oMI: OPERATION ACCUM
°
PV OF SIR

LIFE (YR l (HRS/3AT) STEAM GEN (S)
R.00 15424R$. .17

10 R.03 29149111;. 1.47

15 8.00 4233644. 2.12

20 8.00 5404991. 2.10
25 8.00 6173661. 3-21
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DISTRIBUTION LIST

ARMY Fal Engr. Letterkenny Army Depot, Chambersburg. PA
AF SMALC/DEEEN (J. Pestillo) McClellan AFB, CA
AF ENERGY LIAISON OFF-SERI OFESC/OL-N (Capt B Tolbert) Golden CO
AF HQ AF/LEY Washington. DC. LEEH (J Stanton) Washington, DC; PREES Washington DC ; Traffic

Mgmnt Cargo Br (LTC S. Rohrbough) Washington,DC
AFB (AFIT/LDE), Wright Patterson OH; (RDVA) AFESC/R&D Tyndall. FL. 82ABG/DEMC. Williams AZ;

ABG/DEE (F. Nethers). Goodfellow AFB TX; AERO Propulsion Lab (Energy Cony) Wright Patterson OH;
AFESC.TST. Tyndall FL; AUL/LSE 63-465, Maxwell AL; CESCH. Wright-Patterson: Elec Sys Div. Code

OCRS (LTC M. Traister) Hanscom, MA: HQ MAC/DEEE. Scott. I" HQ Tactical Air Cmd/DEMM
(Schmidt) Langley. VA; MACOS-XOXC (Col Lee) Scott, IL: SAMSO/MNND. Norton AFB CA: Samso/Dec
(Sauer) Vandenburg. CA: Stinfo Library, Offutt NE; WPNS Safety Div. Norton. CA: Wright-Patterson.
Energy Conversion. Dayton, OH

AFESC DEB. Tyndall, FL; HQ, RDVA & RDVCW
AFWL NTSA, Kirtland AFB NM
AMMO HAZARDS REVIEW BD Chrmn. NAVSAFECEN (Code 43) Norfolk. VA
ARCTICSUBLAB Code 54, San Diego. CA
ARMY (SAIL-FM) OSA Washington. DC; 36th Engineer Group AFVK-C (Capt P Topp), Ft Benning, GA:

ARRADCOM. Dover, NJ: ARRCOM. Rock Island. IL: BMDSC-RE (H. McClellan) Huntsville AL:
Contracts - Facs Engr Directorate. Fort Ord. CA: DAEN-CWE-M. Washington DC: DAEN-MCE-D.
Washington. DC: DAEN-MPE-D Washington DC; DAEN-MPO-U, Washington. DC: DAEN-MPR. Chief
of Engrs Sol Therm/Sol Htg & Cool Washington; DAEN-MPU. Washington DC: Def Ammo Cen & Scol
(SARAC-DEV) R. Hill. Savanna, IL: ERADCOM Tech Supp Dir. (DELSD-L) Ft. Monmouth. NJ; Engr
District (Memphis) Library. Memphis TN: FESA-TS Fort Belvoir VA; HO DA. Wash., DC; HQ
DAMA-CSC-T Washington, DC: Hq USAREUR. Kaefertal. Ger.; Natick R&D Command (Kwoh Hu)
Natick MA; Nuclear & Chemical Agency, Springfield. VA: QTRMSTR Scol (Code ATSM-CD) Ft. Lee,
VA: R&D Command DRDNA-UST) (J. Siegel) Natick, MA; STEYP-SE. Yuma Proving Ground. Yuma.
AZ; Savanna Army Depot (Ernst). IL: Tech. Ref. Div., Fort Huachuca. AZ

ARMY - CERL Energy Systems. Champaign. IL; Library, Champaign IL
ARMY AMMUNITION PLANT SARHW-FEM Hawthorne. NV: SARHW-FET Hawthorne, NV; Sarhw - FEM

Hawthorne, NY
ARMY COE Philadelphia Dist. (LIBRARY) Philadelphia, PA
ARMY CORPS OF ENGINEERS Fac Engr Supp Agency. Ft. Bel'oir. VA: MRD-Eng. Div., Omaha NE:

ORLCD-I (R Dockery) Louisville, KY; Seattle Dist. Library. Seattle WA
ARMY CRREL A. Kovacs, Hanover NH; G. Phetteplace Hanover, NH; Library, Hanover NH
ARMY CRREL R.A. Eaton
ARMY DARCOM Code DRCMM-CS Alexandria VA
ARMY ENG DIV ED-CS (S.Bolin) Huntsville. AL: HNDED-CS. Huntsville AL; HNDED-FD. Huntsville. AL:

Huntsville, AL
ARMY ENG WATERWAYS EXP STA (S Kiger) Vicksburg. MS: Library, Vicksburg MS
ARMY ENGR DIST. Library. Portland OR
ARMY ENVIRON. HYGIENE AGCY Bio Acous Div Aberdeen Proving Ground MD: Dir Env Oual

Aberdeen Proving Ground MD: HSE-EW Water Qual Eng Div Aberdeen Prov Grnd MD: HSE-RP-HG/Pest
Coord. Arberdeen Proving Ground, MD; Librarian. Aberdeen Proving Ground MD

ARMY LOGISTICS COMMAND Code ALC/ATCL-MS (Morrissett) Fort Lee, VA
ARMY MAT SYS ANALYSIS ACT Code DRXSY-CM (M Ogorzalek) Aberdeen Proving Grnd MD
ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoc, Watertown MA
ARMY MISSILE R&D CMD SCI Info Cen (DOC) Redstone Arsenal. AL
ARMY MOBIL EQUIP R&D COM DRDME-GS Fuel Tech Br. Ft Belvoir. VA
ARMY MPTRGN CEN Phys Sec D.A.L.E.T. FT McClellan Al
ARMY MTMC Trans Engr Agency MiT-CE. Newport News, VA
ARMY TRANSPORTATION SCHOOL Code ATSPO CD-TE Fort Eustis, VA
ARMY TRNG & DOCTRINE CMD Code ATCD-SL Fort Monroe, VA
ARMY-DEPOT SYS COMMAND DRSDS-AI Chamersburg, PA
ARMY-MERADCOM DRDME-GE (Heavy) Ft Belvoir VA; DRDME-MR (J. Sargent) Ft. Belvoir VA:

DRDME-ZPS. FT BELVOIR VA
ASO PWD (ENS M W Davis), Phildadelphia. PA
ASST SECRETARY OF THE NAVY Spec. Assist Submarines. Washington DC
BUMED Security Offr. Washington DC
BUREAU OF RECLAMATION (J Graham). Denver. CO: Code 1512 (C. Selander) Denver CO
CHNAVRES Code 002C New Orleans. LA
CINCLANT CIV ENGR SUPP PLANS OFFR NORFOLK. VA
CINCLANTFLT Code J541 Asst. Nuc. Warfare Plans Off Norfolk. VA: NUC Wpns Sec Offr Norfolk. VA
CINCPAC Fac Engmg Div (J44) Makalapa, HI



CINCUSNAVEUR NUC Wpns Sec Offr London, England
CNAVRES Code 13 (Dir. Facilities) New Orleans. LA
CNM Code 03.462 Washington DC; Code 03462. Washington DC; Code 03ZB Washington DC; Code 043

Washington DC: Code (43 Washington DC; Code MAT-04. Washington, DC; Code MAT-08E,
Washington. DC: MAT 08T245 (Spalding), Washington. DC: MAT-0718. Washington. DC: NMAT - 044.
Washington DC

CNO Code NOP-964. Washington DC. Code OP 323. Washington DC: ('ode OP 415. Washington DC; Code OP
40.5. Washington, DC: Code OP 414, Washington DC: Code OP 97 Washington DC: Code OP 97
Washington. DC; Code OP 987 Washington DC: Code OP-413 Wash. DC: Code OP323 Washington DC:
Code OP403. Washington DC: Code OPNAV 09B24 (H): Code OPNAV 22. Wash DC: Code OPNAV 23.
Wash DC: OP-(98, Washington. DC: OP-23 (Capt J.H. Howland) Washinton. DC: OP-403DI, Washington.
DC: OP-411F. Wash DC: OP987J. Washington, DC

COMASWWINGPAC Security Offr. San Diego.. CA: Weapons Offr. San Diego. CA
COMCBPAC Code CB50. Makalapa. Oahu. HI: Makalapa. Oahu, HI: Operations Off. Makalapa HI
COMDEVGRUONE CMDR San Diego. CA
COMFAIRWESTPAC Security Offr. Misawa Japan
COMFLEACT. OKINAWA PWD - Engr Div. Sasebo. Japan: PWO. Kadena. Okinawa: PWO. Sasebo, Japan:

Security Offr. Japan
COMNAVAIRLANT Code 335 Norfolk, VA: NUC Wpns Sec Offr Norfolk. VA
COMNAVAIRPAC FOR Wpns Offr (Code 93) NAS North Island: NUC Wpns Sec Offr NAS. North Island
C'OMNAVBEACHPHIBREFTRAGRU ONE San Diego CA
COMNAVMARIANAS Code N4. Guam
COMNAVSURFLANT Norfolk. VA
COMNAVSURFPAC NUC Wpns Sec Offr NAB. Coronado
COMOCEANSYSLANT PW-FAC MGMNT Off Norfolk. VA
('OMOCEANSYSPAC SCE. Pearl Harbor HI
COMRNCF Nicholson. Tampa. FL; Nicholson. Tampa, FL
COMSUBDEVGRUONE Operations Offr. San Diego. CA
COMSUBLANT NUC Wpns Sec Officer Norfolk. VA
('OMUSNAVCENT N42. Pearl Harbor. HI
NAVSURFLANT NUC Wpns Sec Officer Norfolk, VA
NAVSURFPAC Code N-4. Coronado
COMOPTEVFOR C'MDR. Norfolk. VA: Code 705. San Diego. CA
DEFENSE CIVIL PREPAREDNESS AGENCY Washington. DC
DEFENSE INTELLIGENCE AGENCY DB-4CI Washington DC
DEFFUELSUPPCEN DFSC-OWE (Term Engrng) Alexandria. VA; DFSC-OWE. Alexandria VA
DOE E. Hightower. Washington. DC: G.F. Hedrick. Washington. DC
DIRSSPO OP Engrng Sect (Lopata). Washington. DC; Security Officer. Washington. DC
DLA DLA-TP, Alexandria. VA: Industrial Security. Alexandria. VA
DLSIE Army Logistics Mgt Center. Fort Lee. VA
DNA Field Command. Kirtland AFB NM: STTL. Washington DC
DOD Explos Safety Board. Wash DC: Explosives Safety Board (Library), Washington DC: Staff Spec. Chem.

Tech. Washington DC
DOE (G. Boyer). Washington. DC: Div Ocean Energy Sys Cons/Solar Energy Wash DC: INEL Tech. Lib.

(Reports Section). Idaho Falls. ID; S&S Div (G. Hedrick) Washington DC
DOT Office of Hazardous Matl Ops. Wash DC
DTIC Defense Technical Info Ctr/Alexandria. VA
DTNSRDC Anna Lab (Code 119) Annapolis MD: Anna Lab (Code 1568) Annapolis MD: Anna Lab. Code

2724 (D Bloomquist) Annapolis. MD: Anna Lab. Code 2842 (Mr. Sherman) Annapolis. MD: Anna Lab.
Code 4121 (R A Rivers) Annapolis, MD

DTNSRDC Code 1706. Bethesda MD; Code 172 (M. Krenzke). Bethesda MD
DTNSRDC Code 284 (A. Rufolo), Annapolis MD
DTNSRDC Code 4111 (R. Gierich). Bethesda MD; Code 42, Bethesda MD
DTNSRDC Code 522 (Library). Annapolis MD: Pattison. Code 1706. Bethesda. MD: Rispin, Code 1706,

Bethesda. MD
ELECTRONIC WARFARE LAB. Intel Mat Dev & Spt off. Ft Geo G. Meade. MD 2(1755; Intel Mat Dev/Supp

Off Ft Geo G Meade MD
ENVIRONMENTAL PROTECTION AGENCY ANR-458 (Dr. R.S. Dyer) Washington. DC: Off. of Air

Programs (E. Stork). Ann Arbor MI Reg. III Library. Philadelphia PA: Reg. VIII. 8M-ASL. Denver CO
FAA ACS-2(XI. Washington. DC: ACS-250 Washington DC: ACS.(X) Washington. DC
FAA Civil Aeromedical Institute. Oklahoma City. OK
FED RAILROAD AMIN Administrator. Wash DC
FLTCOMBATTRACENLANT PWO. Virginia Bch VA
FMFLANT CEC Offr. Norfolk VA
FMFPAC CG(FEO) Camp Smith. HI
GSA Assist Comm Des & Cnst (FAIA) D R Dibner Washington, DC : FPS-DIR Supp Services. Washington,

.4



DC; FPS-Dir Supp Serv (0 Y Lawson) Washington DC; Off of Des & Const-PCDP (D Eakin) Washington,
DC; Off of Fed Prot Serv Mgmt Washington, DC; PUB Bldg Serv (W D Rust Jr) Washington DC: Pub Bldg
Serv, Washington DC

HCU ONE CO, Bishops Point. HI
HC & RS Tech Pres. Service. Meden. Washington, DC
HQ UNC/USFK Korea Security Officer
JOINT CRUISE MISSILE PROJ OFF JCM22 Washington, DC: PM3 Technical Library, Washington. DC
KWAJALEIN MISRAN BMDSC-RKL-C
LIBRARY OF CONGRESS Washington, DC (Sciences & Tech Div)
MARCORPS Code LME-l (Riggs) Washington, DC
MARINE BARRACKS CO Brunswick, ME: CO Colts Neck. NJ: CO Yorktown. VA; CO. Adak, AK; CO.

Alameda, CA: CO. Barbers Point. HI; CO, Bermuda: CO. Cecil Fld. FL: CO. Charleston. SC: CO.
Concord, CA: CO, Jacksonville. FL; CO. Keyport. WA: CO. Lualualei. Waianae, HI: CO. Moffett Fd. CA:
CO. Seal Beach, CA: NAS. Norfolk, VA

MARINE CORPS BASE Ist For Serv Supp Gru (CSS-5) Camp Pendleton CA: Code 406. Camp Lejeune, NC:
M & R. Division. Camp Lejeune NC; Maint Off Camp Pendleton, CA; PWD - Maint. Control Div. Camp
Butler. Kawasaki. Japan: PWO Camp Lejeune NC; PWO. Camp Pendleton CA: PWO. Camp S. D. Butler.
Kawasaki Japan

MARINE CORPS HOS Code LFF-2, Washington DC: Code LM-2. Washington. DC; Code MMEA
Washington, DC; Code MPH-50. Washington. DC; Code 0TI Washington DC

MARITIME ADMIN (E. Uttridge). Washington. DC
MCAS Facil. Engr. Div. Cherry Point NC; CO. Kaneohe Bay HI: Code S4. Ouantico VA; Facs h ;)ept -

Operations Div. Cherry Point: PWD - Utilities Div, Iwakuni. Japan: PWD. Dir. Maint. Contro
Iwokuni Japan: PWO. Iwakuni, Japan: PWO. Yuma AZ: SCE. Futema Japan

MCDEC M&L Div (LTC R. Kerr) Quantico. VA; M&L Div Quantico VA: NSAP REP. Quantic A
MCLB B520, Barstow CA: Maintenance Officer. Barstow. CA: PWO. Barstow CA
MCRD SCE. San Diego CA
MILITARY SEALIFT COMMAND Code-M-OIFB. Washington, DC: Washington DC
NAF PWD - Engr Div. Atsugi. Japan; PWO. Atsugi Japan
NALCOEASTPAC Security Officer, Alameda. CA; Security Offr
NALF OINC. San Diego, CA
NARF Code 1X), Cherry Point, NC: Code 612, Jax. FL: Code 640. Pensacola FL; Equipment Engineering

Division (Code 61000). Pensacola. FL: SCE Norfolk, VA
NAS AUW Officers. Brunswick. ME: CO, Guantanamo Bay Cuba; Code 114. Alameda CA: Code 183 (Fac.

Plan BR MGR): Code 187. Jacksonville FL: Code 187W1. Brunswick ME: Code 18U (ENS P.J. Hickey),
Corpus Christi TX; Code 502 (SSF Officer), Norfolk. VA: Code 6234 (G, Trask). Point Mugu CA: Code 70.
Atlanta. Marietta GA: Code 8E, Patuxent Riv.. MD: Dir of Engrng. PWD. Corpus Christi, TX: Dir of
Security, Cecil Fd. FL: Dir. Maint. Control Div., Key West FL; Dir. Util. Div.. Bermuda: Grover. PWD,
Patuxent River. MD; Lakehurst. NJ: Lead. Chief. Petty Offr. PW/Self Help Div. Beeville TX: OIC, CBU
417. Oak Harbor WA: PW (J. Maguire). Corpus Christi TX: PWD - Engr Div Dir. Millington, TN; PWD -
Engr Div. Gtmo. Cuba: PWD - Engr Div, Oak Harbor. WA: PWD - Maint. Control Dir. Millington. TN:
PWD Maint. Cont. Dir.. Fallon NV: PWD Maint. Div.. New Orleans. Belle Chasse LA: PWD. Code 1821H
(Pfankuch) Miramar, SD CA: PWD. Maintenance Control Dir.. Bermuda: PWD. Willow Grove PA; PWO
Belle Chasse. LA; PWO Chase Field Beeville. TX: PWO Key West FL: PWO Lakehurst. NJ: PWO Sigonella
Sicily: PWO Whiting id, Milton FL; PWO. Dallas TX; PWO. Glenview IL: PWO. Kingsville TX: PWO.
Millington TN: PWO. Miramar. San Diego CA; PWO,, Moffett Field CA; SCE Norfolk. VA; SCE. Barbers

* Point HI: SCE, Cubi Point. R.P: Security Officer. Norfolk. VA: Security Offr. Alameda CA: Security Offr.
Barbers Point, HI: Security Offr. Bermuda: Security Offr. Guam: Security Offr, Key West FL: Weapons
Officer. Norfolk, VA; Weapons Offr. Agana, Guam. MI: Weapons Offr. Alameda. CA; Weapons Offr.
Barbers Point. Oahu. HI: Weapons Offr. Moffett ld. CA: Weapons Offr. North Island: Wpns Offr, Cecil
Fid. FL: Wpns Offr. Key West. FL

NASA LBJ Space Cen (Alexander) Houston. TX
NATL ACADEMY OF SCIENCES Polar Res Coin (DeGoes)
NATL BUREAU OF STANDARDS B-.8 BR (Dr. Campbell), Washington DC: Kovacs. Washington. D.C.:

Law Enforce Stds Lab Washington. DC: R Chung Washington, DC
NATL RESEARCH COUNCIL Naval Studies Bd, Washington. DC: Naval Studies Board. Washington DC
NATL SEC AGENCY Ft. Geo. G. Meade MD: H V Powell Jr FT Geo G. Meade MD
NAVACT PWO. London UK
NAVACTDET PWO. Holy Lock UK
NAVAEROSPREGMEDCEN SCE. Pensacola FL
NAVAIRDEVCEN Chmielewski. Warminster, PA; Code 813. Warminster PA: PWD, Engr Div Mgr,

Warminster. PA; Security Offr. Warminster PA
NAVAIRPROPTESTCEN CO. Trenton. NJ

NAVAIRSYSCOM Code 41712A (Michols) Washington. DC. PMA 258 Washington, DC
NAVAIRTESTCEN PATUXENT RIVER PWD (F. McGrath), Patuxent Riv..MD
NAVAVIONICFAC PW Div Indianapolis. IN: PWD Deputy Dir. D/701. Indianapolis. IN

II



NAVAVNWPNSFAC Sec Of fr St. Mawgan, England: Wpns Offr. St. Ma~gan. England
NAVCHAPGRU CO Williamsburg VA: Engineering Of ficer. C'ode 61) Williamsburg, VA; Operations Officer.

Code 30 Williamsburg, VA: Supply Officer. Code 70 Williamsburg. VA
NAVCOASTSYSCEN CO). Panama 'i~y FL: (Code 423 Panama City. FL: Code 715 (J Quirk) Panama ('it%. FL.

Code 715 (J. Mittleman) Panama Citv. FL; (Code 719~. Panama ('itv. FL; Code 772 (C 13 KocsN) Panama ('it.
FL; Ljbrarv' Panama ('itv,' FL;i PWO Panama Citv. FL-

NAVCOASTSYSTU'P Securit'. Off r. Panama ('itv Ft.
NAVC'OMMAREAMS'rRSTA C'ode W-00,. Elec Engr. Wahiawa, III: Maint Control Div.. Wahia~a. Ill. PWO.

Norfolk VA; SCE LUnit I Naples ltal'.; SCE, Wahiawa I
NAVC'OMMAREAMSTRS'rA Securitv Offr, Norfolk VA
NAVCOMMSTA CO. San Miguel, R.P.; ('ode 401 Nea Makri. Grece;c PWD - Maint C'ontrol Div. Diego

Gatrciat s.; PWO. Exmouth, Australia; SC'E Keflavik. Iceland; SCE Rota Spain; S(CE. Balboa. CL; Security
Offr. Stockton ('A

NAVCONSTRACEN ('ode (EUIS. Port Hueneme CA; ('urriculumnInstr. Stds Of fr. Gulfport MS
NAVEDTRAPRODEV('EN Technical Library. Pensacola. FL
NAVEDUTRACEN Engr Dept (('ode 42) Neswport. RI; PWO, NAVBASE. Newport. RI
NAVELLXSYSCOM ('ode PNIE 124-61. Washington. DC'; C'ommander. Watshington, DC'; PME 124-M12. Wash

DC'; PME-121 Washington. DC(
NAVENENVSA Code 11 Port Hlueneme, ('A; ('ode II IA (Winters) Port Hueneme ('A
NAVENVIRHLTFICEN ('0, NAV'STlA Norfolk. V'A
NAVEODTECI'I(EN ('ode 6115. Indian Head MID
NAVEAC PWO. Brawdy Wales UK; PWO. ('enterville Bch, Ferndale ('A; PWO. Point Sur. Big Sur CA
NAVsFACENG('OM Alexandria. VA; ('ode 03 Alexandria, VA; ('ode 043T lEssoglou) Alexandria. V'A: ('ode

044B) Alexandria, VA; Code 04451 (P W Brewer) Alexandria, Va; 'Code 10451. Alexandria. VA; ('ode
0452D. Alexandrai. VA; Code 10453 (D. Potter) Alexandria. VA; Code 0453C'. Alexandria. VA. ('ode 04454B
Alexandria. V'a; Code 4)46; ('ode 04461D (V M Spaulding) Alexandria, VA; ('ode 044AI Alexandria. VA;
('ode 04B (M. Yachnis) Alexandria. VA; Code 04B3 Alexandria. VA; C'ode 0451, Alexandria. VA; C'ode
0451A Alexandria. VA; ('ode 106. Alexandria VA; ('ode 063T, Alexandria. VA: C'ode 449M54. Tech Lib.
Alexandria. VA; ('ode (M Alexandria. VA; Code 11M42B (J. Leimanis) Alexandria. VA; ('ode 1113.
Alexandria. VA; ('ode II lB Alexandria. VA; ('ode II IN Alexa'ndria,. VA; ('ode 461D. Alexandria. VA;
code (08T' Alexandria. VA

NAVFACENG('OM -CHES DIV. ('ode 105. Wash. DC; ('ode l0'll Washington DC; ('ode 1041 Wash. I)C:
('ode 4143 Washington DC'; ('ode 4045 Wash. DC; ('ode 40)7 (D Scheesele) Washington. DC.' ('ode FPO-Il(
Washington DC: Code FPO-IE. Wash. DC ' Contracts. ROIC'(. Annapolis MI); FPO-l Washington. D)C.
FPO-IEAS Washington DC'; FPO-IP 1P3 Washington. DC'; Library. Washington. D.C.

NAVFA('ENG('OM - ANT DIV. ('ode (44 Norfolk VA Norfolk VA; Code 05. Norfolk. X'A; ('odeII
Norfolk. VA; ('ode Ill. Norfolk. VA; Code 403. Norfolk, VA; Code 4(05 Ci. ' Engr BR Norfolk V'A: Code
4408, Norfolk. VA; Eur. BR Deputy Dir. Naples Italy: Library. Norfolk. VA; F DT&EL.( 1042A. Norfolk.
VA

NAVI'ACENGCOM - NORTH DIV. (Boretsky) Philadelphia. PA; CO: ('ode (04 Philadelphia. PA; ('ode 144AL.
Philadelphia PA; Code 05. Phila. PA; ('ode 0)9P Philadelphia PA; Code ill Philadelphia. PA; Code 114 (A
Rhoads) Philadelphia. PA; ('ode 114 (A. Rhoads): ('ode 44)5 Philadelpl.'a. PA; ROICC. C'ontracts. C'rane
IIN

NAVFA('ENGiCOM - PAC DIV. (Kyi) Code 1041, Pearl Harbor. HL; ('ODE (N)P PEARL HARBOR Hi;: ('ode
0~4 Pearl Harbor HI; ('ode 04. Pearl Harbor. I; Code 11 Pearl Harbor I; Code 21011 Pearl Harbor. HLI
('ode 4042. RDT&E. Pearl Harbor HI; Code 4445 Civil Engr BR Pearl Harbor I; ('ode 40)6 Pearl Harbor. I;
C'ommander. Pearl Harbor. HI; Library, Pearl Harbor. HI

NAVFA('ENGCOM -SOUTH D)IV. Code (44. C'harleston. SC'; ('ode 445. C'harleston. SC; Code 09 (Watts)
Charleston. SC'; Code 11, Charleston. SC'; ('ode 4(03. Gaddy. Charleston, S'; ('ode 4145 C'harleston. SC;
('ode 411 Soil Mech & Paving BR Charleston. SC'; Code 904. RDT&ELO. Charleston SC; Librarv.
Charleston. SC

NAVFA('ENGCOM - WEST DIV. 1142; AROI('(' Contracts. Twentynine Palms ('A; Code 04. San Bruno. ('A;
('ode 04B San Bruno. CA; Code 015. San Bruno. CA; Code 1(01.6 San Bruno, CA; ('ode I 14C, San Diego

('A;(Code 4142 San Bruno. CA; Library. San Bruno. CA; 09P'204 N.i Bruno. CA; RDT&ELO San Bruno.
('A; Securitv Offr. Seattle WA

NAVFACENGCOM CONTRACTS AROICC, NAVSTA Brooklyn, NY; AROIC('. Quantico. VA;. Colts Neck.
Ni; C'ontracts. AROICC. Lemoore CA; Dir. Eng. Div.. Exmouth. Australia; Eng Div dir. Southwest Pac.
Manila. PL; Engr. Div. (F. Hein). Madrid. Spain; NAS. Jacksonv'ille, FL:; 01CC. Southwest Pac. Manila. P1:
OICC-ROICC. NAS Oceana. Virginia Beach. VA; OICC/ROICC. Balboa Panama ('anal; ROI('C AF

Guam; ROI('( ('ode 495 Portsmouth VA; ROICC Key West FL; ROI('( MCAS El Toro; ROIC'( Rota
Spain; ROIC('. Diego Garcia lsland; ROIC('. Keflavik. Iceland; ROI('C. NAS. ('orpas Christi. TX;
ROIC('. Pacific. San Bruno CA; ROICC. Point Mugu. CA; ROICC. Silverdale. WA; ROICC. Yap;
ROICC.OICC-SPA. Norfolk. VA

NAVFORCARIB Commander (N42). Puerto Rico
NAVHOSP PWD - Engr Div. Beaufort. SC
NAVINVSERVHQ NIS-243 0I OHara) Washington. DC; Security Officer. Alexandria. VA



NAVMAG PWL) - Engr Div. Guam; SCE. (juamn: SCF. Subic Bay. RI 1 Sccurits Offr. Guam
NAVMAC, Security Offr. Lualuakei. III Waianac. III
NAVMAG Wpns Offr. Guam, Mariana island
NAVOCEAN() ('ode 3432 (J. DePalma). Bav St. Louis NIS: Librar% Bas St louts. MS
NAVOCEANSYS('EN C'ode Ol' (Talkington). San Diego. (' ('ode 4473 lla~side 1.ihrar,. San D~iego. (CA.

(Code 4473B (Tech 1.ib) San Diego, CA; (Code 5204"(0. Stachiw). San Ditego. (CA. (Code 5214 (11 Wheeler).
San Diego (CA: *Code 5221 (R.Jones) San Diego ('a: ('ode 523 (IlurleW). San Diego. ('A: (ode 5322
(Bachman) San D~iego, CA: Code 6i7(X), San Diego, (A: ('ode 811 San Diego. (A: lassaji Lal' (R Y umnor
Kailua. ill Hi Lab Tech Lib Kailua Ill

NAVORDFAC CO( (('ode 66). Sasebo. Japan
NAVORDMIsTrES1'FAC PWD - Ener Dir. White Sands. NNI
NAVORDSI'A PWD -Dir. Engr Div, Indian Head. Mil) PWO. I oiijSsvlel KY. Sccunit% Otir. Indian Head Nil).

Securitv (MU., Indian Head MD
NAVPETOFF C'ode 3)0. Alexandria VA: Code 811107. Alexoandria. VA
NA\'PETRES Director. Washington DC
NAVPGS('OL (IDr. Gi. Iladerlie). Mionterev. ('A: C. Nlorers Mfonteres CA. (odc 1l WI. 10) Wilson) Monteres,

('A: E. 'hornton, Monterev ('A
NAVPFIIBASE ('0. AC'B 2 Norfolk. VA: CONINAVBEA( IGRL' FWO Norfolk 'A: ('ode S3 1. Norfolk V'A.

D~ir. Amphib. Warfare Brd Staff. Norfolk. V'A: Harbor Clearance Unit Iwso. Little Creek. V'A: S('E
C'oronado. SD.CA: Security Offr. Norfolk VA

NAVRADRE('FA(' PWO. Kamni Seva Japan
NAVREGNIED)('N C'hief of Police. ('amp P'endleton ('A: (*ode 21). Ens. Hecalth Sers. IAl hBr\son) San D~iego.

CA"
NAVIIOSP ('0. Millington. r'N
NAVREGMIFDCEN PWi)- Engr Div. ('amp Lejeune. NC: PW() Portsmouth. VA: h'WO. ('amp Lljune. N('
NA'RFGNIEICEN PWO. Okinassa. Japan
NAVREFiMEDC(EN SC'E; S('E San Diego. ('A. SC'E. ('amp P'endleton ('A. SCF.z (;trin. SCL. Newport. RI:

S('E. Oakland ('A
NAVREGMED)CEN SC'E. Yokosuka. Japan
NAVREGNIED)('N Securit% Offr. Oakland ('A
NAVREGNIEDI)( INIC A. Watanabe. Pearl I arb'ir. Ill
NAVSC()LCECOFF ('35 Port Hlueneme, ('A: ('0, ('ode ('44A Port Hlueneme. ( A
NAVSCSOI. PWO. Athens G;A
N AVSE ASUPP('EN [ANT ('ode 8(K Portsmouth VA
NAVSEASYS('OM (R. Sea). Washington. D(': ('oide 04.132 Washngton. I)C: ('ode (151'i. Wash. D)C: ('ode

(51-213 (Newhouse) Wash DC(: ('ode 6212. Wash DC: ('ode ('132 (Mr. J. Peters) Washington. DC' ('ode
OOC-D. Washirngton. DC: ('ode PMS 39)5 A 3. Waishington. DC(' ('ode PMIS 39)5 A2. Washington. D)('
('ode PN15 396.3311 (Rekas). Wash.. DC: ('ode SEA 00C Washington. DC(: Fr Wuigk. Washington. DC:
M('LNO. Washington. D(': PMS-395 Al. Washington. DC'* PINiS395-A3. Washington. DC(: SEA 04F (L.
Kess) Washington. DC-. SEA 01-L213. Washington. DC: SEA-0411. Wash IX': SEAA(5R12 JJ. Freund)
Washington, DC: SEA-5433. Washington. DC(: SEA-994.l Washington. DC(: SEA-9Wil1 . Washington. I)('
SEA0ISE). Washington. D.C.

NAVSEC ('ode 6156D. Washington. IX': ('ode 61571). Washington. DC(
NAVSEC'GRUA(T Facil. Off.. Galeta is. Panama ('anal: PWO. Adak AK: PWO. [-die)) Scotland: PWO.

Puerto Rico: PWO. Torrn Sta. Okinawa: Security Offr. Winter Harbor MEL
NAVSE('STA PWD -Engr Div. Wash.. D)C
NAVSHIPREPFA(' Library, Guam: S('E Subic Ba\
NAVSHIPYD (('oide 452) Shop 0)2 Portsmouth. VA: Bremerton. WA (Carm Inlet Acoustic Range): ('ode 134.

Pearl Harbor. HII: ('ode 2012.4. Long Beach ('A: 'Code 2112.5 (L~ibrary) Pu~get Sound. Bremerton WA: Code
284). Mare Is.. Vallejo. ('A: ('ode 2801.28 (Goodwin). Vallejoi. (A: ('ode 3841. Portsmouth. VA: ('ode 382.3.
Pearl Harbor. TWi ('ode 41111. Puget Sound: ('ode 41). Mare Is..' Vallejo CA: ('ode 4401 Portsmouth NH:
('ode 4401. Norfolk: ('ode 440. Puget Sound. Bremerton WA: ('ode 453 (LUtil. Suprl. Vallejo ('A:
C'ommander. Philadelphia. PA: I D. Vivian. librar 'y. Portsmouth Nil: PW Dept. L~ong Beach. ('A. PWi)
(('ode 4201) I)ir Portsmouth. VA. PWD (('ode 450(1lD) Portsmouth. VA: PWD (('ode 453-lID) SHPO (13.
Portsmouth. VA: PWD ((Code 4574111)) Shop 0)7. Portsmouth. VA: PWD (C'ode 401) Portsmouth. VA:
PWO. Bremerton. WA: PWO. Mare Is.: PWO. Puget Sound: SC'E. Pearl Harbor HI: Security Offr.
Bremerton WA: Security Offr. (Charleston SC: Security Offr. Vallejo ('A: Tech Library. Vallejo. CA

NAVSTA Adak. AK: CO Roosevelt Roads P.R. Puerto Rico: CO. Brooklyn NY: Code 4. 12 Marine Corps
Dist, Treasure Is... San Francisco ('A: Dir Engr Div. PWD. Mayport FL: Engr. Dir.. Rota Spain: Long
Beach. ('A: Maint. ('ont. Div.. Gjuantanamo Bay C'uba: PWD (LTJG.P.M. Motolenich). Puerto Rico: PWD

Engr Dept. Adak. AK: PWD - Engr Div. Midway Is.: PWO. Guantanamo Bay C'uba: PWO. Keflavik
Iceland: PWO. Manport FU: SC'E. Guam: SC'E. Pearl Harbor Hl: SC'E, San Diego CA: SC'E. Subic Bay.
R.P.: See Offr. Roosevelt Roads. PR: Security Offr. Guam: Security Offr. San Francisco. (CA: Utilities Engr
Off. Rota Spain

NAVSUIIASE ('ode 23 (Slowey) Bremerton. WA: SC'E, Pearl Harbor 1HI
NAVSUPPAC1' (C0. Naples. Italy: Engr. Div. (F. Mollica). Naples Italy: PWO Naples Italy



NAVSUPPFAC PWD - Maint. Control Div. Thurmont. MD
NAVSUPPO PWO, La Maddalena, Italy
NAVSURFWPNCEN G-52 (Duncan) Dahlgren. VA; PWO. White Oak. Silver Spring. MD: Silver Spring MD
NAVTECHTRACEN SCE. Pensacola FL
NAVTELCOMMCOM Code 53. Washington. DC: Security Offr. Washington DC
NAVUSEAWARENGSTA Security Spec (Code 01A) Key' r. WA
NAVWARCOL President, Newport, RI
NAVWPNCEN Code 24 (Dir Safe & Sec) China Lake. CA: Code 2636 China Lake- Cmdr. China Lake. CA:

Code 26605 China Lake CA: Code 3276 China Lake. CA: Code 623 China Lake CA: PWO (Code 266) China
Lake. CA; ROICC (Code 702). China Lake CA

NAVWPNEVALFAC CO Kirtland AFB, NM- Sec Offr. Kirtland AFB. NM; Technical Library. Albuquerque
NM

NAVWPNSTA (Clebak) Colts Neck. NJ: Code 09. Concord. CA: Code 092. Colts Neck NJ: Code 092. Concord
CA: Code 092A. Seal Beach. CA: Maimnt. Control Dir.. Yorktown VA; Na Wpns Hndlng Cen (Code 8052)
Colts Neck NJ: Nuc Safe Offr, Yorktown, VA

NAVWPNSTA PW Office Yorktown, VA
NAVWPNSTA PWD - Maint Control Div, Charleston. SC; PWD - Maint. Control Div.. Concord. CA: PWD -

Supr Gen Engr, Seal Beach. CA: PWO. Charleston. SC: PWO, Seal Beach CA: Safety Br. Concord, CA:
Sec Offr. Charleston. SC: Security Offr. Colts Neck NJ: Security Offr. Concord CA: Security Offr.,
Yorktown, VA: Special Wpns Offr. Concord. CA: Wpns Fac Offr, Colts Neck, NJ: Wpns Offr. Charleston,
SC: Wpns Offr. Colts Neck. NJ: Wpns Offr. Yorktown. VA

NAVWPNSUPPCEN Code 09 Crane IN
NCBU 405 OIC. San Diego. CA
NCTC Const. Elec. School. Port Hueneme, CA
NCBC Code 10 Davisville. RI: Code 15. Port Hueneme CA: Code 155. Port Hueneme CA: Code 1552 (Brazele)

Port Hueneme, CA: Code 155B (Nishimura) Port Hueneme. CA: ('ode 156. Port Hueneme. CA: Code 156F
(Volpe) Port Hueneme, CA: Code 1571. Port Hueneme, CA: Code 25111 Port Hueneme. CA: Code 4MK.
Gulfport MS: Code 430 (PW Engrng) Gulfport, MS: Code 470.2. Gulfport. MS: NEESA Code 252 (P
Winters) Port Hueneme. CA: PWO (Code 80) Port Hueneme. CA: PWO. Davisville RI: PWO. Gulfport,
MS

NCBU 411 OIC. Norfolk VA
NCR 20. Code R70: 20. Commander: 20th. Code R50: 30th Det, OIC. Diego Garcia I: 31, Cmdr. Port

Hueneme, CA: 31, Code RS0. Port Hueneme. CA
NMCB 3. SWC D. Wellington: 74, CO: FIVE. Operations Dept: Forty. CO: THREE, Operations Off.
NOAA (Dr. T. Mc Guinness) Rockville, MD: (M. Ringenbach). Rockville. MD: Library Rockville. MD
NOAA DATA BUOY OFFICE Engrng Div (Riannie) Bay St. Louis, MS
NORDA CO. Bay St. Louis, MS: Code 350 (Swenson) Bay St. Louis, MS; Code 410 Bay St. Louis. MS: Code

440 (Ocean Rsch Off) Bay St. Louis MS: Code 5(X). (Ocean Prog Off-Ferer) Bay St. Louis. MS
NRL Code 1226.1. Washington DC: Code 58(M) Washington. DC: Code 5843 (F. Rosenthal) Washington. DC:

Code 8441 (R.A. Skop). Washington DC: Griffith, Wash., DC
NROTC J.W. Stephenson. UC, Berkeley, CA
NSC CO. Biomedical Rsch Lab, Oakland CA: Code 44 (Security Officer) Oakland, CA: Code 54.1 Norfolk.

VA: Nuc Wpns Supply Dept, Security Offr: Security Offr. Hawaii
NSD SCE, Subic Bay. R.P.
NSF Polar Info Service
NSWSES Code 0150 Port Hueneme. CA
NTC OICC. CBU-401. Great Lakes IL
NTSB Chairman, Wash DC
NUCLEAR REGULATORY COMMISSION Off Prog Dev Div of Safeguards. Washington. DC: T.C. Johnson,

Washington, DC
NUSC DET Code 131 New London, CT; Code 332, B-80 (J. Wilcox) New London, CT: Code 41If (R B

MacDonald) New London CT: Code 5202 (S. Schady) New London, CT: Code EA123 (R.S. Munn). New
London CT: Code SB 331 (Brown). Newport RI; Code TAI31 (G. De la Cruz). New London CT

NUWPNTRAGRULANT CMDR. Norfolk, VA
NUWPNTRAGRUPAC Code 334 (Nuc Safe Offr) San Diego, CA
OFFICE SECRETARY OF DEFENSE ASD (MRA&L) Code CSS/CC Washington. DC: OASD (MRA&L)

Dir. of Energy. Pentagon, Washington, DC
ONR Cagle. Pasadena. CA; Central Regional Office. Boston. MA; Code 221. Arlington VA; Code 461,

Arlington VA (McGregor): Code 481. Bay St. Louis. MS: Code 485 (Silva) Arlington. VA: Code 700F
Arlington VA: Security Offr. Arlington VA

PACMISRANFAC HI Area Bkg Sands. PWO Kekaha. Kauai. HI
PHIBCB I P&E. San Diego. CA; 1. CO San Diego, CA
PMTC Code 3144. (E. Good) Point Mugu, CA: Code 3331 (S. Opatowsky) Point Mugu. CA: Code 4253-3,

Point Mugu. CA: EOD Mobile Unit. Point Mugu. CA
POMFLANT Dir Mgmnt Staff. Charleston. SC: Security Offr. Charleston. SC

i , . . . . . .--



PW( IACE Offie Norfolk. VA: C() Norfolk. VA: CO0. (Code W0I. Oakland, ('A: CO. Great Lakes IL: CO.
* Pearl Hiarhor Ifl: C'ode 10. (Great Lakes, IL:; Code 105 Oakland. ('A: Code 1l10. G;real Lakes. IL: Code 110).

Oakland, CA: Code 121) Oakland CA: ('ode 128. Guam: Code 154 (ILihrarv). (;real Lakes. IL: (Code 2(K).
(;real Lakes ii. ('ode 21X. Guam ('ode 31)V. Norfolk. VA: ('ode 41M). Great Lakes, IL.: Code 41M). Pearl
larbor. 11L ('ode 4M,) San D~iego. (A: (Code 42)). C;real Lakes. II.: ('ode 42(0. Oakland. (CA: (Code 424.

Norfolk. \'A: ('ode SMN Norfolk. VA: ('ode 505A Oakland. ('A: ('ode (NX). Great I lkes. It.; Code 6ill). San
D~iego ('a: ('ode 7WK. (ireat Lakes. If.; ('ode 7WK. Norfolk. V'A: ('ode 7(M. San Diego. ('A: Dir of Securit>.
Suhic Ba ' Rl: Librairy. (Code 121W,. San D)iego, (CA: Librar '% Guam Librar). Norfolk. VA: L~ibrary. Pearl

Harbor. F1 L :Iibrar%. Pensacola, I-I L ibrar. Suhic Ba%. R. P.: LIbrar.% Yokosutka JA: ttld D~ept ( R Pascua)
Pearl I larhor. HL1 U tilit ies O fficer, Cituam

SPCC( PW() (('ode 12) Mlechanicsburg~ PA
SUBRESUNI I OR(' Secliff. San D~iego. 01': lurtle. San D~iego
SU.PANX PWO. Williamsburg VA
SAT'PA(' Sccurit % Oftr. Bremerton. WA: \%pit, Otr ISP1430) Bremerton. %VA
IRIREFFAC SCI. Brenmerton. AA,'
IAA Solar (iroup. Arnold. Kjioss llv. FN
1(1' ONE: (IC. Nortolk. V'A
U("t IAVO( OI(. Port I lucnene C'A
P1' RO: NIARINE F:NGINEEKS
U'S DEVI P1(F HLEALL 111.l) . J. W LIAXRE Food & IDrug Admin. ( A. Slowin). Dauphin Is. Al.
US FEPI OF IN IERIOR Bur of Land NMgninl (Code 583. Washinitton DC(: Nall Park Service ('ode 5335

Washington DC(
IS GEOLOGICAL SI'RV'Y if: Dvhrkopp) Nletmurie. IA: ( R Krahl) NMarine Oil & (Gas Ops. Reston. VA:

Off Miarine (.eolos %. Pitelcki. Reston VA
US NAVAL. FORCES Korea ILNJ-P&OI
USAF IIOSPIIAI. Castle AFFI. ('A
USAF REGIONAL lIOSPIlAL- Fairchild AEB. WA
USAF SCHFOOL. OF AEROSFPACE MEIC(INE hypverbaric Mledicine Dis. Brooks AFB. IX
L'S(C ((i'NP'3 LISP) 821 Washingtoun D~c' (Smith). Washington. DC(: (i'EOE'26 4l spinshadc). Washington.

I)C G-EOE-4 (T[ Dowd). Washington. DC-' Gi'NI-I4 82 (J Spenicer: Gulf Strike Teamn. Has St. Louis. MS.
Lant Strike Team Eli/abeth ('ity%. NU': Oceanographic Un'tit technical Rct Sect. Washington. DC(: IPac Strike

Tearn. Ilamilton A\FB. ('A
US(C6 R&D ('ENTER ('C (iroton. CIF I ). Nlothcrwma. Grotoin ('F: I ). Paskausk\. Giroton. ("T: IDehok. Aver%

Point. (-F: S Rosenberg. Giroton. C-I
USD)A Forest Products Lab. NMadison WIl: Forest Products lab. I R, lDc root) M'Nadisoin WI: Forest Service

Reg 3 (R. Brown) Albuquerque. NM: Forest Service. flowers. Atlanta. COA: Forest Serice. San D~imas. ('A
UISGS O'regory. Reston. VA
USNA C'h. Niech. Engr. D~ept Annapolis Nil) ENGRNG D~i\. PWF). Annapolis NIF) Encrg'.'Eniriin Study

Grp. Annapolis. MD: Environ. P'rot. R&D ProL. (J1. Williams). Annapolis Nil): Niech. Engr. D~ept. (C.
Wit). Annapolis Ml): PW() Annapolis Nil) US NA SYS ENG I)EPT ANNAPOLIS Nil

LISS AC'ADIA Repair Officer Smt Francisco, ('A: Weapons Officer San Francisco. ('A
U55 FLI:ON WPNS Rep. Offr (W-3) New York. NY
LISS JASON Repair Officer. San Francisco. ('A
LISS ORION Repair Officer New York

LISS YELLFOWST'ONE Repair Officer. New York. NY: Weapons Officer. New York. NY
WATER & POWER RESOURCES SERVIC'E (Smoak) Denver. (C)
BROOKHAVEN NATlL L.AB NI. Steinberg. Upton NY
GEORGIA INSTITUTE OF T'ECHNOLOCGY (L.T R. Johnson) Atlanta. GA
NUSC DETr Library. Newport. RI
LINEFAST COCRP (J. lDiMartino) Holbrook. NY
ROIIR INI). INC' (D). Buchanan) ('hula Vista. ('A



DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Labcnitory is revising its Primary distribution lists.

SUBJECT CATEGORIES 28 IFNE~RGY/POWER (sENFRATION

SHORE ACII.TIF29 Thermal conservation (thermal enginreering of bu'ildings, HVAC
I SHRF FCILIIESsystemis, eneqvy ioss measuiement, power generation)

2Construction method$ and matrials -ldi rly coi U..iof 30 Cooli ols and electrical conservation lelectricai systems,
cotrl 3olns energy monitoring4 and control systems)

3Watrfronit structure$ lmaintefanceldr't.,,o,.r,,tn coirr ni 3 
1  

e lxbil-I lyiid fuel,. coai utilizatiov. energy

4 Uir-ies iincjuding WONe Londrrv.)inq) 11nM solidr tsrc

5 fxArcsires saftry 32 Alzcrnate ene tiv source igreothermai Powvei. photovoltaic

*6 Construction ewurprrcnt anti Mach,riocV pov,-.~ sysierii sniar systrms. "ind sytems, energy storage

7 Fire preventrion and contiol .Vrcnis'

8 Antenna -echnaoqy 33 S ip uaia and sstms integration (energy resource diarl energy
9 Structural analysis and design lrsor-1- ir., - inii curuoton d,!a integrating energy systems)

computer techniquesi ;4 li'VIRONMEN1AL IFRi5TIcriwr

10 P'otecti~e rcristrrrcrion (includiny hir- i sne'' 35 S.1 v%.rsfe minig-, reri

shock and ibral or, studies) 36 fla~zjJi- ioxic mare lailmanage-ni

I I1 Soil rock inechinics 37 Wase~ite, m-araycmnin ard Salrrary engrneering

13 HEQ 38 CJ )c Liollurrotem, risanso recovery

14 Airfields d pavementrs 39 A--ilu:r

15I ADVYANCt H) IIAS AND) A3IPIIIIIO I AI ji IIg - 4-1 N...se abtement

16 Base faciirres hlcld-nq shelters. povvii qenL-1,0ioir Ad'tili~is 44 OCIA N IN(; I%'- I- RING
17 Eripedrent roadls/artelcls'b-dqes 45 Si,foci soils andi foiu~ndations

18 Amphibious operations (incluino f'r~v' s, o .,esi 46 Srli constiticir,r systems anti operations (inciuding

19 Over rse Beachs opera: orr SC lfudi rig ciwiv-a i,...r ni ae nd ni.i .i aj 'fi i(5i U

riuteriel transfer, lighter rye ino :,or-.si 41 irlderser structres arid materials

20 POL storage Transfer and (lost, itu int 48 4Arshors rd moiris

24 POLAR FM(ANFERlN(; 49 Ur'sirr sipore, y~ins. elect, 0Me~haFo" ii r.abies.

24 Sime as Advanced Base andi Amphibious ji,li' .- d connet 1-
emisept limited to cold region ervi no -ts 5 , P'is ,re vessel tacH it"

51i Physcal ens inrenr includiny sice surveying)

4 ~-? Ocean Lmsr~i ciiorret. strurctures
3 HebCchamber%

54 Undersea cable dynamics
TYPFS OF~ IDiCVtMFNr*S

Its Trechdatu Sheer. ter TC0111iiil ItCl-rjr.arid Icrthilia) %of- $2 NIL LL. ( udc & Updatirs Nore-

8.1 TAble .if Contenits indes i l)rrvh ia ton rD ofs crnme in) name
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DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES 28 ENERGY/POWER GENERATION
29 Thermal conservation (thermal engineering of buildings, HVAC

I SHORE FACIMTIES systems, energy loss measurement, power generation)

2 Construction methods and materials (including corrosion 30 Controls and electrical conservation (electrical systems.

control, coatingl energy monitoring and control systems)

3 Waterfront structures (maintenance/deterioration control) 31 Fuel flexibility (liquid fueis, coal utilization, energy

4 Utilities (including power conditioning) from solid waste)

5 Explosives safety 32 Alternate energy source (geothermal power. photovoltaic

6 Construction equipment and machinery power systems, solar systems, wind systems, energy storage

7 Fire prevention and control systems)
8 Antenna technology 33 Site data and systems integration (energy resource data, energy

9 Structural analysis and design (including numerical and consumption data, integrating energy systems)

computer techniques) 34 ENVIRONMENTAL PROTECTION
10 Protective construction (including hardened shelters, 35 Solid waste management

shock and vibration studies) 36 Hazardous/toxic materials management
11 Soil/rock mechanics 37 Wastewater management and sanitary engineering
13 BEQ 38 Oil pollution removal and recovery

14 Airfields and pavements 39 Air pollution
15 ADVANCED BASE AND AMPHIBIOUS FACILITIES 40 Noise abatement
16 Base facilities (including shelters, power generation, water suppliesl 44 OCEAN ENGINEERING
17 Expedient roads/airfields/br idges 45 Seafloor soils and foundations
18 Amphibious operations (including breakwaters, wave forces) 46 Seafloor construction systems and operations (including

19 Over-the-Beech operations (including containerization, diver and manipulator tools)
materiel transfer, lighterage and crani's) 47 Undersea structures and materials

20 POL storage, transfer and distribution 48 Anchors and moorings
24 POLAR ENGINEERING 49 Undersea power systems, electromechanical cables.
24 Same as Advanced Base and Amphibious Facilities, and connectors

except limited to cold-region environments 50 Pressure vessel facilities
51 Physical environment (including site surveying)
52 Ocean-based concrete structures
r 3 Hvperbaric chambers
54 Undersea cable dynamics

TYPES OF DOCUMENTS

85 Techdats Sheets 86 Technical Reports and Technical Note, 82 NCEL Guide & Updates None-

13 Table of Contents & Index to TDS 91 Ph)ical Securirv remove my name
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INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of thc label
on the reverse side has several numbers listed. These numbers correspond to numbers assigned to the list of
Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and

type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later
reference).

If you want to change what you are presently receiving:

* Delete - mark off number on bottom of label.

* Add - circle number on list.

0 Remove my name from all your lists - ceck box on list.

* Change my address - line out incorrect line aind write in correction (DO( NOT RFMOVF L.ABEL).

0Number of copies should be entered after the title of the Subject cateoiso eet
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