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VTOL IN GROUND EFFECT FLOWS
FOR CLOSELY SPACED JETS WITH TEMPERATURE

W.G. Hill, R.C. Jenkins, S.G. Kalemaris and M.J. Siclari

Grumman Aerospace Corporation
Bethpage, New York

1 - SUMMARY

The primary purpose of this study was to obtain detailed pressure,
temperature, and velocity data for twin-fan configurations in-ground-effect and
to develop flow models to aid in predicting pressures and upwash forces on air-
craft surfaces. For the basic experiments, 49.5mm-diameter jets were used,
oriented normal to a simulated ground plane, with pressurized, heated air pro-
viding a jet. The experimental data consisted of: (1) the effect of jet height
and temperature on the ground, model, and upwash pressures and temper-
atures, (2) the effect of simulated aircraft surfaces on the isolated flow
field, (3) the jet-induced forces on a three-dimensional body with various

strakes, (4) the effects of non-uniform coannular jets.

For the uniform circular jets, temperature was varied from room
temperature (24°C) to 232°C. Jet total pressure was varied between 9,300
Pascals and 31,500 Pascals. For the coannular jets, intended to regr<-~rt
turbofan engines, fan temperature was maintained at room temperature while
core temperature was varied from room temperature to 437°C. Fan and core
total pressures were chosen to match the power settings most frequently used
during the large-scale tests of Reference 1.

In general, the test data correlate well with the induced forces pre-
sented in Reference 1. No scale effects were found, and jet temperature and
pressure did not affect the nondimensionalized induced lift. The induced lift
in-ground-effect was found to be higher for the uniform circular jets than
for the simulated fan jets.

Modifications to an existing wall-jet transition model adequately predict
the trends with height above ground of upwash temperatures and pressures.
The addition of a recirculation model is necessary to predict upwash tempera-
tures in the presence of an aircraft.



2 - INTRODUCTION

Lift and control for V/STOL aircraft operating in-ground-effect pre-
sent a critical condition in sizing the propulsion system. Ground proximity
effects can result in large jet-induced lift losses or produce positive fountain
lift, depending on the aeropropulsion configuration. The complexity of the re-
sulting flow field and the sensitivity to many design parameters give rise to a
large body of experimental data which model various aspects of the flow field.
The primary purpose of this study was to expand the existing data base for a
twin-fan V/STOL aircraft by exploring the effects of temperature and non-
uniformities (temperature and pressure) in the jet. These effects were then
added to an existing computerized prediction method.

Of almost equal importance, and possibly greater interest to the
typical reader, this effort also investigated scale effects on jet-induced
characteristics. To this end, the model used was a 1/24-scale replica of a TF
34-powered, large-scale model tested recently at NASA-Ames (Reference 1).
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3 - SYMBOLS

Area; nozzle exit area

Thickness of viscous layer

Diameter; nozzle exit diameter

Analytic functions respresenting viscous profiles
Force; radial flux deflection function
Interference force (total force on body minus thrust)
Nozzle height above ground

Heat; distance to ground

Mach number; momentum

Nozzle pressure ratio relative to ambient

Nozzle temperature ratio relative to ambient
Static pressure

Dynamic pressure

Jet radius; ground radius coordinate

Ground impingement radius

Radius from one jet impingement point

Jet spacing

Temperature; static temperature

Velocity

Distance perpendicular to Y and Z

Distance from midpoint of line joining jet centerline
Distance above ground; vertical jet or ground coordinate
Distance downward from nozzle exit

Exponent of profile function

Isentropic exponent; ratio of specific heats
Boundary layer thickness

Difference between local and ambient conditions
Non-dimensional wall thickness

Thrust efficiency factor; nondimensional thickness
Angular orientation around one jet impingement point
Density

Angle in ground polar



SUBSCRIPTS

Ambient

Body

Core nozzle exit conditions; potential core
Flux, fan nozzle exit conditions
Fully-developed

Value at ground effect height

Half value

Nozzle value; jet exit conditions for open circular nozzle
Maximum value; viscous layer

Nozzle

Potential core

Recirculation

Stagnation value; static

Thermal layer; total; stagnation

Upwash

Velocity layer

Wall jet



4 - EXPERIMENTAL BACKGROUND
4.1 Test Facility

The experiments conducted under this contract were performed in the
Grumman Environmental Test Facility (ETF). This facility performs a wide
range of system and component testing for Grumman and has two compressor
systems capable of supplying heated air: the ram air system for pressures to
110 kPag and temperatures to 232°C, and the bleed air system for pressures to
3.45 MPag and temperatures to 760°C. A general overview of the installation in
this facility is given in Figure 1; a detailed photo of the test arrangement is

presented in Figure 2.

4.2 Air Supply

For most of the tests, the air was compressed by a Rootes-type blower
(referred to in this facility as the "ram air compressor"). Compression heating
of the flow was removed and the flow divided into two piping systems. One
system was then heated by a controlled resistance electrical heating system with
a maximum temperature of 249°C. Both the hot and cold flows were piped tc the
test site by 20.3-cin diameter insulated piping systems. Supply pressure was
controlled by a feedback control system at the compressor control panel and a
second co:trol valve at the user's outlet area (Figure 3). For the experiments
with core temperatures above 232°C, air was supplied by a piston-type com-
pressor and gas and electric heaters in series (bleed-air systems).

4.3 Settling Chamber

The settling chamber for the fan nozzle was a cylindrical steel tank of
76.2-cm diameter and 218.4-cm length, adapted from underwater flow research.
(See Figure 4). The first 91.4 cm of this chamber are occupied by a diffuser to
spread the flow from the 20.3-cm diameter inlet evenly over the chamber cross-
section. This is followed by a tube bundle of 9.5-cm diameter stainless steel
tubes and two fine mesh screens. The heated air supply for the core flow enters
through the bottom of the chamber after a combined turn and transition from
a single 20.3-cm pipe to a pair of separate 5.1-cm tubes. This supply is con-
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Figure 2 - Test arrangement.

tinued inside the chamber by flexible, insulated pipes to the nozzle entrances.
For the open-jet experiments, this tubing svstem was entirely removed and the
piping system was changed to bring heated air in through the diffuser inlet.

4.4 Nozzles

The ouier fan nozzle, which is also the hardware fcr the open-circular-
jet experiments, is an ASME elliptical profile flow metering contour with an in-
side diameter of 5.0 em. (Figure 5). This nozzle is continued as a straight
tube for 30.5 cm in a tradeofl of boundary layer growth and heat transfer in the
nozzle {low against the need to separate the model from the front face of the
chamber, thus preventing the chamber from interfering with the recirculation
flow field. The inner core nczzle for the heated flow begins with a contraction
from the 5.1-cm flexible supply tubes beginning 5.1 e before the fan flow

w3
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nozzle entrance. This contraction connects to a double wall tubing system with
an outer diameter of 3.8 cm (the scale centerbody diameter) and an inner dia-
meter of 3.0 cm. The area between the two walls of this contraction section and
the constant area section running to the final core nozzle contraction were in-
sulated with aluminum oxide powder. The final contraction to the 20.7-mm core
exit diameter and the core centerbody outer profile are accomplished in one
solid machined segment. The core-flow tube is held in place by a machine screw
in the simulated core pylon, and three thin finger-type supports nz2ar the

nozzle entrance.
4.5 Ground Plene

The simulated ground plane consists of a 2.5~-cm thick aluminum plate
121.9-cm square, with a circular insert of steel for the pressure tap and wall
jet probe mountings. (Figure 6a). This plate was mounted on a framework
which rode on rails that were aligned pearallel to the nozzles. The ground plane
was moved by a screw that was ériven by a variable speed motor/controller.
The instrumentation locations are shown in Figure 6b, c», and d, (pressure
taps, surface temperature thermocouples and wall jet rakes). Numbering of
the instrumentation locations matches that of the full-scale groﬁnd plane

(Ref. 1), with additional instrumentation designated by "R".
4.6 Aircratt Model

The model (Figure 7) was a 1/24 scale reproduction of the Grumman
Design 698-411B tested in the NASA-Navy-Grumman full-scale demonstrator
proegram. This model was constructed of a partially-hollow high-temperature-
plastic fuselage section housing the balance and pressure/temperature lines, a
metal bottom plate for pressure and temperature instrumentation, metal strakes

at the fuselage chines, and separately attachable plastic wings and empennage.
4.7 Instrumentation

4.7.1 Pressure. - Pressures were measured with Validyne model DP15 or DP103
transducers, powered by single channel CD-15 or MC1-10 multichannel systems
using CD18 or CD19 carrier demodulators. Transducers were calibrated versus
an oil filled manometer, either singly (transducers used for probe measurer.cnts)
or in groups with the manometer calibration pressure applied through a manifold

(ground plane or aircraft surface).
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Figure 7 - 1/24 scale model.

Pressure tap locations on the ground plane are discussed in Section
4.5. Full-scale locations on the line connecting the nozzle impingement center-
line, at 90° to the line through one jet-centerline, and at 457 were used, with
a few additional locaiions added. The full-scale tap identification numbers were

used for the model tests to aid comparisons.

Pressure tap locations on the aircraft model are shown in Figure 8.

Full scale locations were matched for many of these taps, but some taps were
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relocated so that temperature (thermocouple) instrumentation could be added.

4.7.2 Temperature. - All temperature measurements were made with chromel-

alumel (Type k) thermocouples connected by a multi-connection switch box to
either an Omega model 2175A or a Fluke model 2166A linearized thermocouple
readout amplifier. The ground plane surface temperatures and those on the
flat segment of the aircraft botiom were measured with thermocouples spot
welded to thin (0.4 mm) stainless steel areas. On the aircraft, the entire flat
bottom was formed from one thin piece of stainless steel, and thicker pieces
were spot-welded in areas for pressure tap ins<tallation. (Figure 8). The

30. 5-cm diameter ground plane insert was 4. 2-cm thick, and the areas for
temperature measurement were machined to the 0.4-mm thickness for a distance
of at least 1.3 em from all thermocouples. (See Figure 6¢c). The thin skin
allows greater spatial resolution in temperature measurements, which is impor-
tant in small-scale testing.

4.7.3 Probes. - Three separate probe assemblies were used for measurements
in the free jet, wall jet, and upwash flows (Figure 9). In each probe assembly
the temperature data were taken by a bare thermocouple probe protruding from
a 1.5-mm diameter stainless steel sheath that was located close to one of the
pressure probes. Bare thermocouples were chosen, rather than a more con-
ventional shielded thermocouple probe, in order to obtain good spatial reso-
lution and time response and to avoid flow disturbances that would be asso-
ciated with a hcused probe. Temperature measurements with bare thermocouples
require correction to account for radiation losses. Temperature corrections
were acquired for the thermocouple probes in each assembly by recording output
in a flow field of known temperature over a wide temperature range. We used
the open jet nozzle configuration for this work. Each probe assembly was
placed on the centerline of one nozzle shortly downstream of the exit and a
housed thermocouple probe (United Sensor type KT-12-C/A) was place”. at a

corresponding point in the flow from the other nozzle.

The probe assembly used for free-jet data (Fig. 9a) consisted of 1.6-mm
0.D. sharp-lipped pitot tube with a 0.5-mm diameter thermocouple displaced
2.5 mm laterally from the tip of the pitot tube. Wall jet data were tsken with a
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1.3-mm O.D. pitot tube (Fig. 9b) that was flattened to 9.5 x 1. 5-mm dimensions
at the tip, with a 0.5-mm diameter thermoccouple that was displaced laterally

1.8 mm. The probe assemb’ [or upwash measurements consisted of a 3.0-mm
0.D. Kiel probe with a 1.6-mm O.D. static tube displaced 4.3 mm on one side,

and 0.5-mm diameter thermocouple displaced 3.0 mm on the other side of the Kiel
probe (Figure 9c).

The free-jet probé asvse'rrnrﬁly and fhe upwsh probe assembly were
supported by a motor-driven traverse that was inounted on the same rails as
the ground plane carriage. Probes were traversed in the plane containing the
two jet centerlines, along paths perpendicular to those centerlines.

The support for the wsll-jet probe assembly passed through a hole in
the ground plane and attached to a manually driven screw traverse that was
fastened to the back of the ground plane (Figure 10). The probe location re-
lative to the wall was measured from the voltage output of a thin film linear re-
sistance transducer that was attached to the screw drive.

4.8 Experimental Techniques

All experiments were con:ducted under steady or pseudo-steady
operating conditions. After initial startup time (approximately one hour)
changes in pressure operating conditions took only a few minutes. Total
temperature changes were much slower, primarily because of the heat capacity
of the supply piping.

Under most of the operating conditions for this contract, we utilized
the techniques we developed earlier (Refs. 2, 3 and 4) of continuously recording
test variables versus input parameters in an analog form on an X-Y recorder.
This allowed a constant monitoring of test results. Operating conditions could
be changed to allow for results ocbserved (such as gradients or fluctuations).
The :.ost frequent examples of this are the recording of interference force,
ground-plane pressures, and vehicle surface pressures versus height above

ground, or probe temperature and pressures versus probe position.

Probe and ground plane position were converted to voltage by a cable-
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driven rotary potentiometer (Figure 11) for most cases, and & linear potent-
iometer for the wali-jet measurements (Figur2 10). Veltage was supplied by
icwletr Packard Modzl 6215A D. . power supznlies and adjusted so that a
“celibraz.ed"” scele setting couid be used on the recorder {allcwing changes in
scale with ease). Position was controlied by a variable speed DC mctor/cont-

troller and a screw drive.

For the aspects c¢f the experiments requiring many measurements
simultaneously (such as ground plane and aircraft surface pressures) data were
recorded simultanecusly by an on-site minicomputer (Hewlett-Packard jodel

1000(X) through A/D converters.

The aircrar force measurements were taken on separate runs from the
pressure and tempereture measuremants because of force interference from the
pressure and temperature leads which could not be eliminated. The instru-
mented lower surface and the instrumentation leads attached to it were removed
for the force tests. A plain lower surfac2 was fabricated to match the external
contours of the instrumenied lower suriace and used to cover the cavity in

the fuselege during the force tests.
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5-R JLTS
5.1 Fan-Jet Nozzles

The sketch of fan-jet impingement geometry in Fig. 12 illustrates the
co-ordinate system used tc describe probe and nozzle locations. All data were
taken with the spacing between nozzles scaled to the fuli-scale model of
Reference 1, with the jets normal to the ground and with the aircraft model
present.

5.1.1 Nozzle Flow. - Figures 13 and 14 show pressure profiles taken scross the
fan and nozzle exit, with baseline pressure con-itions and a 24°C toral tempera-
ture in both flows. The total-pressure profile at the core exit is quite flat. The
profile across the fan 2xit shows a well-defined maxiinum near the center of the
annulus. The maximum value of the pitct pressure at the exits was used to
define the nozzle pressure ratios (1.103 for the core and 1.135 for the fan at
baseline conditons). Most of the fan-jet impingement data were taken with these
nozzle pressure reatios, chosen to match those conditions most frequently used in
the full-scale experiments. After the initial series of experiments, during
attempts to compare full-scale and model results. it was discovered that the
full-scale conditions tc be matched were based on area averaged total pressures.
Addiuciiai iests were conducted at the most critical conditions with the correct
pressures. Non-dimensional resulis were found to have very little dependence
on the totai pressure.

Integration of the pressure profiles in Figures 13 and 14 (assuming
axial symmetry) gives a value of 36.5 N thrust for one fan-jet nozzle. However,
this approach provides only an approximation of the thrust because the fan
flow is not truly axially svmmetric (engine support pylon blockagc on one side
of the fan duct) and because this method of determining thrust does not account

for pressure forces on the outer cowl of the core nozzle (centerbodyv).

A more accurate determination of nozzle thrust was made by measuring
the impingement on a 0.314-meter square ground-plane plate that was instru-
mentea with three strain beams. With baseline pressure conditions, the thrust

produced by one nozzle was found to be 36.2 N. Maintaining pressure within 5%

of the baseline conditions. the ccre exit temperature was raised from 24° to

23
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168°C. As shown in Figure 15, there was a negligible variation in nozzle thrust
over this range of core exit temperatures when minor variations in total pre-

ssure at the core exit and the fan exit were taken into account.

The thrust of a fan-jet nozzle was measured for a range of both core
and fan nozzle total pressures. The thrust was found to be a linear function of
fan and core pressures (Figure 16). This is true over a range of pressures
exceeding those used in this study. An empirical fit of the data yields

F=1.55¢q fan, avg. +0.719q core -0.445, in which q is in kilopascals and F

is in Newtons. As an indication of the origin of this equation, the following

relationship was assumed: (1)
F= (Kl * I\2) 2d¢an®fan * K329c0re®core (2)
where K1 and K 3 represent the relative thrust efficiencies and K2 refer< to the
drag of the core centerbody in the fan flow. For the nozzles used in the study,
_ 2 - 2
Afan =7.8em” and Acore = 3.37 em
From integration of the core nozzle exit profiles, K3 was found to be 0.0962.
Combining the terms relative to the core, (Kl + KZ) x 2 Afan = K4
we have the relationship
F =K4xqfan+ 0.650 Yoore. | (3)
Solving for K 4 with room-temperature, baseline condition data yields K 4= 1.46.
Substituting, we find
AF = 1.46 Utan, avg. + 0.650 Yeore, avg (49)

This agrees quite closely with the empirical relation of Eq. (1)

Figure 17 shows free-jet total-pressure profiles that were taken (with

both fan jet nozzles operating) st successive axial stations for a total temperature

at the exit of 24°C. The lack of symmetry in each of the fan flows can be
attributed to the core pylon blockage in the fan nozzles. The apparent
convergence of the two flows, indicated by measurement on these profiles of

center-to-center distance between the two flows at several axial stations, was
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not caused by actual convergence of eith~r the fan or core nozzle hardware.
The reason for this characteristic of the free-jet pitot pressure profiles is still
urider active investigation, but it is assumed to be due to the pylon-induced

asymmetries.

5.1.2 Ground Flow. - Pressures taken on the ground surface were recorded by

a 30-channel A/D system connected to an HP-1000 minicomputer as the pround

height was varied. In addition, scme pressure data wece taken at fixed ground

heights as continuous profiles by displacing the ground plane in the y-direction.

Figure 18 shows the variation of ground pressure slong a line between the two
jet impingement points for three body heights above ground. These ground
pressure profiles were taken using baseline nozzle pressure conditions and 24°C
core nozzle exit temperature. The maximum ground pressure in the stagnation
line region (central section of the profiles) shows little variation with body
height. The ground pressure in the impingement regions (outer sections of the
profiles) shows an inward shift of the ground impingement center for each jet
as ground height is increased, which is analogous to the convergence of the
free jet centerlines illustrated by Figure 17.

Ground temperature measurements were taken at points around one jet
impingement region for the same three heights above ground, using almost the
same nozzle pressure conditions and a core exit temperature of 425°C. Figure
19 shows the ground temperature radial variation from one jet impingement
point for three different angular orientations {(8). A curve was faired through
the round symbols, corresponding to 9 = 90° (oriented in the wing spanwise
direction). Note that, for ¢ = Oo, the ground temperature was lower, and for
6 = 180° the temperatures were higher, than this curve. The higher ground
temperature under the wing may have been caused by blockage of air entrain-

ment into the jet exhaust by the presence of the wing.

Figure 20 shows representative wall-jet profiles of total pressure and
total temperature that were obtained by traversing a probe normal to the ground
at the ground location scaled to rake number 6. Data were taken at the three
ground heights corresponding to those run during the tull-scale tests. Data

were obtained at this ground iocation and at two other locations (rakes number
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8 and 10). Figure 21 shcows a tabulation of representative features of the pres-
sure and temperature profiles taken at &il three ground locations and three
ground heights. In this figure, the maximum wall-jet total pressures have been
normalized by the maximum total pressure at the fan exit and the wall-jet thick-
ness (at one quarter the maximum profile dynanic pressure) has been normal-
ized by fan-nozzle outside exit diameter.

The temperature data shown in Figure 20 were taken with & bare
thermocouple that was located adjacent to the total pressure tube. These data
must be corrected to account for radiation losses. The correction has been
sppiied tc the data listed in Figure 21.

5.1.3 Upwash Flow. - Flow properties in the upwash were measured by i{raver-

sing a probe assembly through the centerline of the upwash in the y-direction
with the mode! in place. The total pressure, static pressure and total temper-
ature profiles were measured alcng a line .56D below the model lower surface,
using baseline nozzle pressure conditions and core exit temperatures of 24°¢,
128°C, and 192°C. Data could not be taken at the lowest body height tested
full-scale (1.07D) because the probe would have been in the upwash formation
region. For the greatest full-scale body height (4.59D), the upwash was not
recorded because the level was too iow. Data were taken at the intermediate
full-scale body height (1.54D), Figure 22, and at a somewhat higher bodyv
height (1.99D), Figure 23.

Figures 22 and 23 show the variation of total pressure and of the
difference between total and static pressures across the upwash for the lowest
and highest core temperatures. It was found that the upwash pressure pro-
files were well-centered around the midpoint between the nozzle centerlines and
that they were essentially independent of core exit temperature. The tempera-
ture across the upwash was almost constant and can be represented by the

centerline values plotted in Figure 24.

5.1.4 Model Foreces. - Ground-induced interference forces were measured for

both the 15° and 45° strake angle configuration for several nozzle pressures and
temperetures. The first example, varying fan totai pressure with core temper-
ature equal to fan temperature (approximately 24°C), is shown in Figure 2E%.
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Figure 21 - Data from wall jet profiles resulting from fan
jet impingement.

For both the 15° and 45° strakes, changing fan total pressure with core total
pressure held constant produced a progression of interference forces with no
change in the qualitative behavior with height above ground. Note that, for
all these cases, the fan total pressure was well above the core total pressure.
The behavior may be changed if the core total pressure becomes equal to or
larger than the fan total pressure because of changes in the impinging jet

behavior.

A more meaningful view of the effects of the fan total pressure can be

found in the non-dimensional presentation with interference force normalized by
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the nozzle thrust shown in Figure 26. The total pressure level has no significant
effect on the non-dimensional interference forces. Full scale data (from Ref. 1)
are shown on this plot for reference.

At a fan average total pressure of 19.8 kPa gauge (and core total pres-
sure, again, at 10.4 kPa gauge) five core total temperatures were run: 43°C,
104°c, 254°C, 322°C and 416°C. As shown in Figure 27, there is essentially no
effect of temperature on the interference forces. Experiments were also con-
ducted with the nozzle exit flow more closely matching the full-scale engine
conditions. For a fan total pressure of 25 kPa gauge, model forces were mea-
sured with core exit temperature of 421°C and 45°C. Figure 27 shows these
results compared to the full-scale data (Ref. 1). Again, theve is a very small
effect of temperature on interference forces. The cleose agreement between the
model test results and the full-scale data indicates that good simulation of air-
craft ground interference forces can be obtained with a 1/24th scale model even

without core temperature simulation.

5.1.5 Model Surface Pressures and Temperatures. - Pressure and temperature

measurements were taken on the model undersurface with the baseline nozzle
pressure conditions and core nozzle exit temperatures of 128°C and 192°C.
Figure 28 shows dimensionless temperature distributions along the model under-
side (x-direction) for three heights above ground. The temperature ecross the
model surface (y-direction) showed littie variation. Values of the surface
temperature coefficient ((T-Ta)! (Tc-Ta)) at station number 22 (0.54D aft of

the nacelle centerline) are very close to values found with a probe on the up-
wash centerline at 0.56D below the mode! surface (Figure 24). This comparison
provides some verification for the model surface temperature data, which were
taken by thermocouples attached to the inner surface of the metallic underside
of the model as described in Subsection 4.7.2. Figuvre 29 shows the variation

of model temperature and pressure with body height above ground. The temper-
ature was mcasured at station numoer 22 and the pressure at the midpoint be-

tween nozzles.

Model pressure and temperature data were also taken for a higher

core temperature and a higher fan pressure that more closely matched the full-
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scale tests. Figures 30 and 31 show pressure and temperature measur-ments
taken at three heights above ground for a core exit temperature r¢ 427°C. The

relatively low model surface temperatures shown at X/D_, = 0.5 in Figure 31 are

F
not due to faulty thermocouples. Temperatures on both sides (y-direction) of
this centerline thermocouple showed the same values, which verified that the
temperature profile alon  the mocdel had a local minimum slightly forward of the
nacelle centerline. The magnitude of this local minimum varied with height
above ground. This distortion did not appear in the data taken at lower core
temperature (Figure 28) because this certerline thermocouple and one of the

side thermocouples were inoperative during the earlier tests.

Comparison of the data shown in Figure 31 with those shown in Figure
28 indicates that the model surface temperature does not scale well with wide
variations in core exit temperature. The model surface temperature coefficient
decreased by more than a factor of .wo when the core flow temperature was
raised from 128°C to 421°C. The same poor temperature scaling appeared in
probe temperature measurements on the upwash centerline (Figure 24). In
this case, the local temperature coefficient in the flow decreased by 15 percent
when the core exit temperature was raised frcm 128°C +a 192°C.

Probe temperature surveys were made in the area corresponding to the

inlets on the full-scaie model (1.8D_ above the model upper surface, close to the

F
outer surface of the fan nozzles). It was found that the temperature in this
region was verw close to ambient, and fluctuating greatly. The maximum
temperature rise observed for a nozzle total temperature of 192°C was approxi-

mately 2°C. The strakes apl .rently turn the fiow enough to prevent any

significant amount of upflow from reaching the inl2t area. The inlet suction
may affect the flow field to alter this behavior, but this is not expected to
happen.

5.2 Open Circular Nozzles

5.2.1 Nozzle Flow. - Free jet data were taken with the ground plane removed,
using settling chamber temperatures from ambieni to 232°C, and a settling

chamber pressure of 27.6 kPa above ambient. Total pressure and temperature
profiles were recorded for probe traverses across both jet centerlines for dis-
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tances (Z') from the jet exists up to 15 diameters. Figure 32 shows pitot pressure
profiles obtained with a settling chamber temperature of 227°C. Profiles taken
close to the exit exhibit a flat-topped profile with a 1 percent ripple that was
caused by fluctuations with time of the air supply pressure. Note that there is
no inward shift of the maximum pitot pressure points at large values of Z' as

or curred in the free-stream data obtained with fan-jet nozzies. The corres-

. ondir g temperature profiles are shown in Figure 33. These temperature data
were plotted directly from the thermocouple output and have not been corrected
for rudiation losses. (This correction was typically of the order of 10°C.) The
pressure profiles begin to merge about seven diameters from the nozzle exit.
The temperature profiles show a greater radial spreading and begin to merge

about five diameters from the nozzle exit.

Figure 34 shows data taken from profiles that were obtained with
different settling chamber temperatures. The data show the decay of pitot
pressure and temperature along one jet centerline with two jets in operation.
The centerline pitot pressure decay is slightly greater for heated than for un-
heated jets. Several runs made with one nozzle bloecked off showed no differ-
ence between the single- and dual-jet results in the centerline values of both
pitot pressure and temperature out to Z' = 15 diameters. Hence, the decay in
centerline properties obtained from two jet operation can be used to represent

single-jet operation.

5.2.2 Ground Flow without Model. - Ground-pressure and wall-jet profiles

were taken at three values of H/D corresponding to the full-scale test

conditions. Ground pressure measurements were taken without the model to
determine how closely the radial pressure distribution around one jet impinge-
ment point matched existing single-jet impingement data. Figure 35 shows the
data taken along radial paths at twe orientations around one jei centerline.
The solid curve, taken from Ref. 2, represents an empirical approximation for
the ground pressure distribution for a single jet with H/D between 2.0 and
5.0.

Wall-jet profiles (similar to those shown in Figure 20) were taken at

the same values of H/D and the same ground locations used in the full-scale
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fan-jet tests. These measurements, summarized by plots of maximum total
pressure aind thickness in Figure 36, show little influence of temperature on the
wall-jet pressure data.

This figure suggests that the wall-jet flow was not axially symmetric
around one jet impingement point. Wall-jet profiles taken at the same radius
from the closest impingement center show that the flow directed toward the
stagnation line has a higher peak total pressure and a greater thickness than
the flow directed away from it. This trend occurs for all tested heights above
the ground and all settling chamber temperatures. This apparent lack of
symmetry in the wall jet data around one impinging jet is probably a real dis-
tortion of the ground flow caused by the impingement of the second jet, but may
have been caused by interference of the probe support with the upwash

formation region when it was located at Station No. 10 (see sketch in Figure 36).
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5.2.3 Upwash Flow without Model. - Measurements were taken in the upwash

without the model to evaluate flow properties in the absence of model blockage
effects. The ‘probes were traversed through the upwash at the nozzle exit

plane for several values of H/D and a range of settling chamber temperatures.

The results are summarized by the centerline values of upwash properties at the

nozzle exit plane that are plotted in Figure 37. The data obtained from the
pressure probes were essentially unaffected by temperature. Temperature pro-
files across the upwash were almost fla*, and the exit plane temperatures show
little variation with ground height cut to H/D = 4.

Additional upwash surveys were made at a fixed rozzle height above
ground by traversing the probe through the upwash at various probe heights
above ground. The results are summarized in Figure 38 which shows the
variation of temperature and pressure along the upwash centerline for H/D = 3.

These pressure plots also show little influence of jet exit temperature.

The effect of settling chamber pressure on upwash preperties with jet
temperature equal to ambien! was investigated by conducting exit-plane probe
traverses at various ground heights. Figure 39 shows that the centerline
properties at the nozzle exit plane, for ground heights of 2-1/2 nozzle dia-
meters or greater, vary linearly with settling chamber pressure over a wide
range. Furthermore, these measurements agree with past data taken at this
jet spacing in our low-pressure facility. The lack of pressure scaling at low
ground heights may be caused by the influence of the ground interaction flow
on nozzle exit conditions. As brought out in Ref. 3, the pressure distribution
inside the nozzles close to the exit (for this jet spacing) becomes non-uniform

when the ground is brought closer than 2-1/2 diameters to the nozzle exit.

The magnitude of the upwash pressure data shown in Figure 39
illustrates that the upwash flow at the nozzle exit plane can be treated as an
incompressible flow for ail of the nozzle exit conditions and all of the ground
heights, even though the nozzle exit flow itself was in the compressible flow
range. Flow with a dynamic pressure less than about 5 kPa (corresponding to
airflow velocity less than 90 m/sec) can be considered incompressible without
a loss in accuracy. Below this value, the dynamic pressure can be found from

the difference between total and static pressures. Dynamic pressure much
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higher than this (somewhat arbitary) 5kPa level requ.res a compressible flow
approach to determine dynamic pressure, since it cannot be found by sub-
tracting static pressure from total pressure. Nozzle exit total pressure was
greater than 5 kPa for almost all of our experimental work.

Therefore, for all of the data shown in Figure 39, the quantity (PT—PS)

represents the upwash dynamic pressure on the centerline at the nozzle exit
plane, and the flow velocity corresponding to this dynamic pressure can be
evaluated with incompressible flow relations. Total pressures were measured
with a Kiel probe and static pressures with a static probe aligned with the
mean low direction {probe dimensions sre given in Subsection 4.7.3). Tra-
versing both probes through the flow simultaneously ( with fixed inter-probe
distance, Y') provided direct plots of the total and static pressure profiles.

When overlaia and shifted a distance, Y', one can trace a profile of (PT-PS).

Data shown as (P in Figure 37, 38 and 39 were all obtained from the

T Ps)u
peak value of such tracings.

-

5.2.4 Effect of Model on Ground Flow. - Ground pressure measurements taken
with and without the model in place showed that the model had little influence

on the pressure close to the stagnation line but did change the pressure in the
jet impingement region. Figure 40 shows the distribution of ground pressure
in one of the jet impingement regions along a line connecting the two jet center-
lines. The solid curve represents an empirical approximation for the ground
pressure distribution for single jet impingement. Comparison with data taken
at the same location:z without the model (Figure 24) shows that the model re-
duces the pressure in this part of the impingement region. Data in Figure 40

for different jet temperatures show no significant temperature effect.

5.2.5 Effect of Model on Upwash. - Probe traverses were taken across the up-

was.l with ana without the model in place to determine the infiuence of the
model on upwash properties. The temperature profiles across the upwash pre-
sented in Figure 41 show that the presence of the model raises the temperature
of the upwash approaching thc model. The increased upwash temperature with
the m del in place indicates a recirculating flow entrainment caused by model
blockage.
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Figure 42 shows pressure profiles taken across the upwash with and
without the mcdel for the same nozzle height above ground. These profiles were
taken far enough from the model undersurface so that the increased upwash
dynamic pressure caused by the presence of the model was not a local flow ais-
turbance invclving flow around the model. The dynamic pressure (and hence
flow velocity) throughout the entire upwash was affected by model blockage.
This change is significant for flow modelling. The cause of this change is not
understood at present. The data in Figure 42 were taken with a jet exit
temperature of 238°C. Data taken at temperatures of 116°C and 24°C showed
alinost identical profiles with and without the model, again illustrating that jet
exit temperature has little influence on the pressure measurements in the up-

wash.

5.2.6 Model Forces. - The thrust of one of the open circular nozzles was

determined frcm the relation

Thrust =2gq n A,
where q is the dynamic pressure associated with the nozzle pressure ratio, A is
the nozzle exit area and n is a thrust efficiency factor that accounts for
momentum less in the nozzle boundary layer. Based on thrust measurements
made earlier on this 5-cm diameter nozzle, we found n = .90 for the open cir-
cular noz:zles.
P\ 2%/,

T

2and M2=5 (—- -1 for air.

Using q =1PM

9 P

S

the thrust developed by one circular nozzle can be found as a function of PT 3
(settling chamber pressure):

C/p 2.
TIY) 7
Thrust = 6.30 Kr> - 1] AP
a a

Force data taken with the open circular nozzles were normalized by twice the

value of nozzle thrust.

Forces were measured on the model with 15° strakes for a range of
settling-chamber temperatures and pressures. Figure 43 shows the variation of
model interference force with height abovz ground for a settling chumber pres-
sure of 27.6kPa gauge and jct temperatures of 24°C, 116°C and 240°C. These
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three curves are quite similar, having small differences that appear to show a
progression with temperature. ' Further investigation showed that differences

in the force curves in Figure 43 are more likely to represernt scatter attributable
to slight differences in model alignment between runs. Subsequent measurements
were taken at a fixed height above ground (H/D = 3.2) as the settling chamber
temperature was raised from 24° to 221%C. Testing in this manner, essentially

no change wes found in interference force with jet exit temperature. The non-
dimensional forces for the fan-jet simulation (Figure 27) are also shown and are
much lower than those of the present section.

Figure 44 shows the variation of model force with height above ground
for different settlin,_- chamber pressures and a jet ex: ‘- 1perature of 24°C.
While these curves are qualitatively the same, they -»me variation with
settling chamber pressure. 1hese data were all t: . .utw-at disturbing align-
ment between tests.
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5.2.7 Model Surface Pressure and Temperature. - Model surface pressures

were measured with and without the 15° strakes for 24°C nozzle exit temper-
atures. At higher jet temperatures, the data were taken only with the

strakes attached. Figure 45 shows the effect of the strakes on the pressure
distribution along the fuselage undersurface. The pressure distribution across
the model is shown in Figure 46. The presence of the strakes raises the sur-
face pressure level and flattens the profile across the undersurface. Figure

27 shows the variation with height above ground of model pressure at three
centerline taps for the model with strakes. The pressure on the fan nacelle
centerline (from Figure 29) is shown for comparison, and is much lower.

Figure 48 shows that the pressures along the model at a fixed height above

ground are not significantly affected by jet temperature.

The temperature distribution along the model is shown in Figure 49,
For H/D = 1.54, the temperature coefficient at a point between the nozzles was
approximately 0.8, which is considerably higher than values measured with

probes (range of 0.5) on the upwash centerline without the model (see Figures
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37b and 28a). The high model temperature appears to be caused by blockage
~f the entrainment flow brought about by the presence of the model. As
discussed in Subsection 5.2.5, higher temperatures were measured in the

upwash with the model in place than without it.

The model temperature distributions in Figure 49 do not show a locai
temperature minimur: just forward of the nacelle centerline that was found using
the fan jet nozzles (Figure 31). In addition, comparison of Figure 49 with
Figures 31 and 28 shows that the model temperature coefficients appear to scale
better with jet exit temperature using the open circular nozzles than using the
fan-jet nozzles, where only the core flow was heated. Temperature data taken
in the upwash using the open circular nozzles (Figure 37b and 38a) also

showed better temperature scaling than the fan-jet data (Figure 24).
5.3 Conclusions

5.3.1 Fan-Jet Simulation. - The primary conclusion of this experimental study

is that a geometrically correct small-scale model testing program can predict
V/STOL aircraft hover performance quite well. Interference force results of

the 1/24-scale experiments matched full scale results closely. Pressure ratio
changes (in this case with subsonic jet cxit conditions) produced a neglibible
effect. Core nozzle exit temperature produced a small effect, easily compensated
for by empiricel scaling. Aircraft lower surface temperatures did not scale well

with core nozzle exit temperature.

5.3.2 Open Circular Nozzles. - The normalized interference forces resulting

from operation with open circular nozzles were much larger (approximately a
factor of two) than those found with the fan jets. The qu:ulitative behavior
with height above ground was the same. As with the fan-jet nozzles, there was
a small change in the force with changes in stagnation temperature. T here was
also a small change in normalized force with total pressure in the region of
highest forces (H/D ~ 13}), which did not occur for the fan-jet case. Aircraft
lower surface temperature did scale well with nozzle exit temperature, 4
different result than that obtained with th~ fan-jet nozzles.

The presence of the model was found to raise significantly the temper-
ature in the upwash. Unexpectedly, model presence also raised the total

przssure in the upwash.

-3
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The establishment of a vertical jet impingement model is the basis for the
prediction of the behavior of two jets impinging on - :ound plane. A sketch of
the flow problem is shown in Figure 50. Figure 50« <aows the vertica! plane
containing the jet stagnation points and the ground plane. Each jet impinges on
the ground plane and deflects to form radial-wall jets. The wall jets then in-
teract and form an upwash deflection zone where (he wall jets collide and ara
turned upward on leavin_: the ground plane. The stagnation line lies on the
ground in the vertical plane of symmetry between the two impinging jets. The
maximum upwash stagnation pressure occurs at the midpoint of the line connect-
ing the two je. stagnation points on the ground. The ground pressure then
drops off with lateral distance along ‘he stagnation line. Figure 53 shows the
radial streamline pattern that has been observed (Ref. 5, 6 & 7) both in the
Zround plane and in the vertical upwash plane of symmetry betwecen the two

jets. This flow situation only exists w:icn the jet: are spaced far enough

IZ 1

Upwash ()

Vertical

sheet
Vertica!

Wall jet
reg.on

Vipwash zone
b Uowash sheet andg radial stredm! nesy

X
|
1yt wpawash Tarmation l
R81:.16220470

Figure 50 - Two-jet interacting flows - negligible
deflection zone interaction.



apart so that the jet impingement zone¢ .oes not interact or has a negligible

affect on the upwash defle~tion zone. (Ref. 3).

€.1 Theoretical Models for Ncn-Isothermal jet Impingement

In Ref. 3, semi-empirical analytical models were formuiated to simulate the
global behavior of two incompressible jets impinging or @ ground plane. Models
were generated for the behavior of the free and wall jets and, finally, the up-
wash sheet gererated by the interaction of the opposing wall jets. The effect
of jet proximity is considered in Ref. 3, leading to the development of upwash
momentum models.

These incompressible models are extended, in the nresent study, to include
temperature or density effects. The flowfield is divided into three major regions

where viscous or turbuient mixing effects dominate, being:

® Free jet

e W._.1jet

e Upwash.
Subdomains of these regions include the jet and upwash deflection zones.
thase smaller regions, the flow changes from an inviscid behavior to a shear flow

along with streamline deflections, causing a change in static pressure due to the

stagnation and acceleration of the flow.

6.2 General Temperature a3 Velocity Equations

The transport or diffusion of heat in a free jet is much like the transport
of momentur.. The viscous mixing and er:trainment of ambient air causes a shear
iaver of momentum (velocity) and heat to occur. Schlicting (Ref. 8), in quoting
the experimental end theoretical observations of Reichardt (Ref. $), implies that
the temperature proiile distribution of a two-dimensional jet behaves like *he
sqrare root of the velocity distributior. Tay .or's Free Turbulence Theory, as
guoted by Abramovich (Ref. 10), arrives at this resuit for the thermal layer by
e turbulence theory that is based on vorticity transfer rather than momentum.
In Ref. 10, the temperature profile in & jet is obtained by a "New Prandtl-
Gortler Theory of Turbulence”. The foliowing relation "ip js obtained between

the te - '—~ature and velocity:

~3
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where ¢ is some constant. If § = 1, the dimensionless temperature and velocity
profile coincide. It has been observed experimcntally that this behavior does
not hold. For ¢ = 2, Taylor's analytical result is ~btained as well as Reichardt's

experimental observations.

Experimental observations indicate that the thermal layer spreads faster
than the dynamic (velocity) layer. In order to establish an empirical value for
f in eq. (1), some non-isothermal profile data are plotted in Figure 51a for a
circular jet. Similarity is not obtained if the temperature data are related to the
velocity half widths as shown in Figure 51b. In addition, the data do not seem

to confirm the sguare root of the velocity relationship. If, on the other hand,
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+81-1622-040(1/210

Figure 51 - Dimensionless velocity and temperature
diiference profile data.
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Figure 51 - (Continved).

the velocity and temperature difference data are plotted dimensionless to their
respective ha'f-velocity and half-temperature difference lengths, the data fall
on one dimensionless curve as illustrated in Figure 5lc. This result was also
observed in Ref. 11 and in Ref. 12 for wall jets. It seems to be clear from the
available data tha: the thermal layer persists beyond the point where a measur-
able velocity exists. The form of eq. (1) implies that the dynamic and thermal
layers have the same scale length. If an exponential or infinite layer is
assumed for the velocity profile and, hence, the thermal layer, then eq. (1)
would vield results consistent with measured data. Indeed, if such a relation-

ship as eq. (1) exists, the exponent may be a function of the nozzle thermal
conditions.

In the models to be developed, it is more convenient tc assume a finite
thickness to the various layers to facilitate the various integrations involvesd

in computing the velocity and temperature decay rates. Ecauation (1) is not
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used in the following models tut the relationship depicted by Figure 5lc is used

instead: T-T
A

—
T T, ("1)
(2
v_ .o
T (y)

3 r r R z
where T =—, V=— andf=(1— n
T v

The dimensionless focrms (i.e., velocity and tempera‘ure each have tneir
own scale lengths, bv and b"r) of the velocity and temperature differ_nce pro-
flles as depicted ‘n eq. (2) are assumed ident*ical. The relationship between

the thermal and dynamic (velocity) layers can be simply expressed by the ratio



of the half widths of the two layers:

HT (3)
bt

NV

Hence, the thermal and dynamic layers do not have the same scale. The velocity

goes to zero while the temperature persists beyond a measurable velocity.

6.3 Conservation Equations

The basic governing equation to model the behavior of j2ts is the conser-
vation of momentum equaticn. To account for non-isotherma! or temperature
effects, an additional equation is required. The conserveation of excess heat

contant is used as the governing equation to account for heat diffusion or
temperature effects. These two integral equations can be expressed as:

Momentum - — 2 — V2
Momentum M, = oV N-ffux da )
Heat Flux (5)
=2 A = aVA
Hp = oV (AT)AQ f oVATdA
where ;\.TN = TN—TA, TN is the nozzle temperature, and AN is the nczzle area.

Eouations (4) and (5) yield two expressions for the two unknowns, maximum
centerline temperature and velocity. Unfortunately, more than two unknowns
exist, namely, the profile shapes and growth rates of the various shear layers.
These additional parameters must be given by empirical observations. The
spreading models of Ref. 3 are used with the addition of eq. (5) and the further
complication of the density or temperature occurring in eq. (4) which necessi-
tates the simultaneous solution of eqs. (4) and (5).

6.4 Heated Free-Jdet Model

The nozzle exit conditions of a free jet can be specified by two parameters.
the nozzle exit stagnation pressure ratio (NPR) and temperature ratio (NTR).
The exit Mach number of the jet is purely a function of NPR. A compressibility
correcticn is included in the incompressible models, based up.n an approximate

Mach nun...er computcd using Bernoulli's equation.
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To be consistent with an incompressible approximation, the nozzle exit static
temperature is assumed equal to the nozzle stagnation temperature,

or
TN ~ NTR

The free jet is subdivided into three regions, as shown in Figure 52:

e Potential core, Region I
e Transition, Region II
e Fully developed. Region III.

In order to solve egs. (4) and (5), some information about the half-velociiy
boundary crowth behavior must be assur.:d to be known from experimental data.
To pe consistent with the models of Ref. 3, and for the sake of simplicity, the

jet radius wudel assumes a simple linear bouandary growth in each region.

Region I: by _a. (E_)+1
N °N
Region II: bVH —az(z—) +b,
N N
Region IIT: \
& a's: (_Z_)
Iy N
— |
— — : O
— o \
‘.__ Potential core ___.,i.___Tramition JI Fuily developed fiow

i 3 i

RR1-1622-0480

Figure 52 - Jet half-velocity wiu.h model.



The cc'-stants (a,, a;, a3) governing the half-velocity boundary growth
in the tra: -, ‘~u and fully-developed regions are determined empiricaily. The

potenti~i rare length (ZPC) and the exponent *p governing the shape of the

sk.ar profile in the fully developed region also must be specified. These con-
stants vary slightly as functions of nozzle Mach number and temperature ratio.
Suitable values have been determined as:

2

8;3=.09j1+1In{ 1+1 1—'1GMV
_ L
Ty8s

where 2;-C.50.
The potential core length is approximated by:

v/ g.55 [1+1
_pc= { ——e]
D 2 T, ©

N
where Sc .0.75, and is also slightly a function of the noz-le temperature ratio.

The growth constant of the half-velocity boundary in the potential core
region is determined by matching the boundaries at the end of the potential core,
yielding,

_( bs-1)
= (Z

a, + a,
pc/rN)

In addition, ¢ linear decay in potential core radius T, is assumed:

f_c_:l-zi
b ZPC

<

The beginning of the fully developed region of flow, denoted by the length
parameter ZFD' is determined by matchine the boundaries between the transition

ard fully developed regions,
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The momentum and heat flux equations become, for a circular jet,

o 2
MJ:ZPAJVrdr (6)
RG T
2P VAT rdr
Ra

using P AS oK . T to eliminate density.

G

The velocity and temperature profiles are represented by the following
dimensionless self-similar quantities:

. r

vV_= fy(ny) 5 "y = (8)
M Y
r

AT _ o = (9)
T i (0p) 5ty S

M T

Since finite profile functions will be used in the modeling, the velocity and

temperature scale lengths, as represented by bV and bT, are not equal.

Substituting eqs. (8) and (9) into egs. (6) and (7), and rearranging,
yields,

1
T V.. \?/b,\? £ 2n_dn
Momentum TM= Z(VM) (rvj f_\.’_- vV_V,
N NIVNS e ) (10)
T 't

M
Heat - lM .y (VM ><bv> _ATM / foTannv
T . _ _ (1)
N VN Ty fT (1 fT)

TM

where ’IM = T

Unfortunately, bringing the density into the integrands makes the profile

integrals tunctions of the maximum centerline temperature ratio. Hence, simple



geometrical similarity does not exist for non-isothermal jets. The velocity scale

length Ny is used in the integration since there can be no contribution to eq.

(10) or eq. (11) beyond the dynamic (veloeity) layer. The integrals in the
above equations do not lend themselves necessarily to analytical integration,

and are defined as:

dn
(M)./[_ +(1f)] (12)
Ty

1

c (_T_ )=f foTr‘Vdnv
M 0 [fT * (1__L)1 (13)

Tv

Equations (10) and (11) can be rewritten simply as

2 2 mT
Tv _ 2<Vm1)(bv> Cn Ty (14)
Ty \WAGY
2 —
T/ Vm\/Pv\ 2Ty Cp(Ty)
T. - 2v. N\zo | 2T (1)
N \ N /\"N N

The values of the integrals CM and CT are also functions of the profile

characteristics. In general, it is assumed that

\ Ne,~ N ¥
o _ NV _¢ (16)
M c
2
nd T .nT_“’ o
AT _ _ ~ _
= = tp(np) (17
AT | 1-n
M ]

where - r

C/b
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Since the dimensionless velocity and temperature profile functions have the

same form, then

o]
VH 18
nr <l \ Ny (18)
bru/
In general, it is assumed that
b
A 5311> 1 (19)
VH
Hence: n
Y 20
nr = ; (20)
T

and the temperature scale length can be directly related to the scale length
of the dynamic layer,

6.4.1 Potential core region - In the potential core region, the maximum

temperature and velocity are known and are equal to the nozzle values. The

momentum and heat equations, (14) and (15), can be reduced to,

2

b
1y 2 VH -
2RV () - T CM (OL,AT) 0 (2D
N
1 by ¥
=R %5 [—VYHY Cc_ (2,0.) =0 (22)
27V T T
N
1
b - %
_OVH . e 4?)
whereRV——b——-- o (1n)< 9

Equations (21) and (22) are solved simultaneousiy for the exponent x and the

thermal-to-dynamic layer ratio XT. For simplicity, the thermal and dynamic
cores are assumed identical.

6.4.2 Transition and fully-developed regions - The conservation equations can

now be written as:



T, V. ¥ /b 2
1r. 2 M\ ['m VH = .
2 v (TN) <VN><PN )CM(TM) B (23)

1p. 2 RAYAS Ym\/Tm T byu
—— V _1 -
2 Ty \T A Ve NIy T

=0 (24)

The above egquations are solved simultaneously for the dimensionless max-

T MY

imum temperature ratio, —, and maximum velocity ratio, —, given values for

Tn VN

the exponent o and >‘T' Suitable values based on empirical data are assigned

to these parameters in the fully developed regions as

aLFD =1.5
_ 8
)‘T =1+ 0.185 TN X Where BYO.SO,

and a linear variation from potential core values to the fully developed ones is

assumed.

Some typical resuits are shown in Figures 53 through 57 and compared to
the test data of Corrsin & Uberci (Ref. 13) for low Mach number or basically
incompressible jets. Figure 53 shows the relationship between the dimensionlesé
velocity and temperature decay rates for a slightly-heated jet (NTR = 1.05) and
a significantly-heated jet (NTR = 2.0). Both the velocity and temperature decay
rates are enhanced due to an increase in heat content of the jet. The tempera-
ture decays faster than the velocity. Figure 54 shows the dynamic pressure
or tota' pressure decay for the two different temperature ratios. The total
pressure decays faster for the hotter jet. Figure 55 shows the relationship
between the dynamic pressure and total temperature decay. Unlike the velocity
and temperature, the nressure and tempirature curves cross each other. The

VM /

dynamic pressure is computed as VN /TM/TN)' Figure 56a and b shows the

relationship between the half dynamic pressure (q), half velocity (V'W/V’\I) and

halt dinensionless temperature (T\,I—TA /TN-Ta) boundaries for the two nozzle
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temperature ratios. The half dynamic pressure boundary exhibits a contraction

in the potential core region ( ZPC ~ 4D). 'fhe half velocity boundary lies between

the half dynamic pressure and temperature boundaries. The half temperature
boundary being significantly wider than the half velocity boundary as the
nozzle temperature is increased. Figure 57 shows a comparison of the half g
and half temperature boundaries for the two nozzle temperature ratios. Hence,
heating the jets causes an increase in the jet half boundaries, which is con-
sistent with the higher decay rate exhibited by the hotter jet in the previous
figures.

6.5 Jet Deflection Region

A schematic of the wall jet impingement model is shown in Figure 58. The
jet begins to stagnate at some ground effect height given by AJ. Values for

A

=g are given in Ref. 14. The ground stagnation pressure and temperature is

then determined by the jet properties at the ground :ffect height denoted by
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the subscript (g), or:

s_ Y 2
- (VgIVN >/<Tg/TN) ,
“UN
T. T (25)
S._¢g
A Ta

The ground pressure distribution in the impingement region is obtained in
the same fashion as for an isothermal jet. A momentum balance is performed with
the integral of the ground pressure equal to the momentum or thrust of the

incident jet.

r 7/2
M 0 (26)
TJ = f I LPrdrd ¢
o o
The ground pressure distribution is assur-ed to have the form:
AP - AN (27
2Pt ()= (“wlg) (21
S
where "W = r.
r
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Equation (26) can be rewritten as,

r \3/V _\°
0
oS

1
where C_(a.) ={fg(nw) ny 4y

Given the impingement radius T, equation (28) can be solved for the
exponent ag governing the shape of the ground pressure distribution. The
deflection radius T, is estimated empirically and is based upon the incident

half velocity radius (bVH;) of the jet:

2.9¢%0<3.6;1.2<"<3.0
Pyni D
r_o - 3.6 E > 3.0
,-.3-6:
VHi

6.6 Heated Wall-Jet Transition Model

Figure 58 shows a schematic of the wall-jet model. The wall-jet transition

model developed in Ref. 3 consists of three subregions:

i) Inviscid deflection region where the effects of viscosity are assumed
to be negligible except in a region close to the wall and near the edge
of the deflected flow. In this region, the inner boundary layer is
established as governed by axially-symmetric stagnation flow.

ii) Transition region where the effects of viscosity are beginning to
dominate and the inner boundary layer and outer shear flow changes to
the fully-developed turbulent wall-jet.

iii} Fully-developed flow. where the effects of turbulent viscosity dominate
and the static pressure through the wall layer is considered ambient,
or fully recovered. In this region, the nearly similar wall-jet develops.

The addition of heat to the wall-jet requires the introduction of a radial

[£e3
Iy



heat flux equation into the model of the isothermal wall-jet. The two con-

servation equations (assuming negligible losses) applied to the wall jet are:

bW »

Momentum - MF = J' (oV + AP) rdz (29)
0
b

Heat - _ W

B HF —J‘ p VATrdz (30)

0

where bW is the height or thickness of the dynamic (velocity) layer.

Before being able to apply egs. (29) and (30) to the walil layer, the
velocity, pressure and temperature profile behavior must be approximated.
Two sublayers are assumed, an inner boundary layer and an outer shear layer.

Adiabatic wall conditions are assumed and the thermal and dynamic boundary

layers are also assumed to coincide.

Inner Boundary Layer

1
_ N
y [V ' z K 8
VMT\ k. where 7, =3= , & = “bl
; W — (31)
AP W
APM' (constant pressure through boundary layer)
2T _ . .
iT.- 1 (adiabatic wall, constant temperature
M through boundary layer)
where 7 < N < 15.
Outer Shear Layer
y a7y 2
l-— f (r.,)) = [1_ ( vV K 8 ) ]
= L) = -
VM Vv 1 KcS

4 (32)

. 1- [z, -K \*
AP : v 8
= (z)=f ()= ( )
:;PM p( v) fv (‘V) [ 1-K }

=T (%) = [1-<;T_K5)l]
L‘.TM T & 1-K

g

%)

[
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Z
where ir oo and b, is the height or thickness of the thermal layer. The

T T

dynamic and thermal layers are assur 2d to be related by:

b b (33)

H T
— == 2 ) 1
b >

bVH w T
The introduction of equations (30) and (31) into egs. (28) and (29) lead

to the development of several profile integral expressions.

The momentum integral has a velocity squared and a pressure term. The
pressure term contributes to the momentum until pressure recovery occurs.
Substitution of the profile expressions into the velocity term of the integral
yields the following integrals for the two layers:

. 1
fs 2 . prV)xd;V
~ N 2 N - T =
CM (TM)= f(cl) doy + fV (CV) £ (QV) * PM / (39
o ‘Ks Ks Te fono(tix {CT))
HEW
T
= _°M = _ Py
where 1y - —— and PM_#
TA A
The pressure term leads to a simpler expression:
1
=K (35)
Cp = I\G +I t‘pd;V
Ks

which can be integrated analytically.

The heat equation leads to integrals similar to eq. (34):
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_ o) <5 ) * [, (o
£<K ) o (er) +<1_f_(il_‘>_>] (36)

Ty

The pressure distribution along the wall was defined previously as:

APM = AP fg (n ) (37

Equations (29) and (30) can now be expressed as

Momentum - \'4 2
" \/Pw\| 2P vM C.. AP f (w )c
Fy (nw) Fyrg () = r—X;_ A/ "M TS "gl'W) Tp (38)
AP
M N

Heat Flux - T T
— F P M C M
e Cn)a()e) (o) Gren/ () o

The terms on the left side of eqs. (38) and (39), F,w and FT, reflect the

gain in radial momentum or heat flux as the jet deflects and becomes parallel to

the wall. These functions are made proportional to the pressure recovery

FM(nw) = FT(“N) = 1-fg (nw) (40)

since little or no empirical data are available in the deflection region. Hence,

funetion, or

the radial momentum and heat flux reach a maximum at pressure recovery, and

for
r
o]
The term F (r) reflects the loss of momentum due to frictional loses at the

VIS



wall, and 1 \ -0 2 41
Fyig(™ L= vs, where oy o -0.15-0.25. (
%)
Equations (38) and (33) represent two simultaneous equations for the two
unknowns, V .CO and C

and Tyy+ The values of the integrals C , which arise

M 1 M T
from the profile functions, are determined numerically and are, in general, a
function cf the maximum temperature ratio ('I‘M ).

—

Ty

The inviscid deflection region is assumed to occur under the half velocity
width (bVHi) of the incident jet profile. Constant total pressure and total

temperature is assumed throughout the inviscid layer to be equal to the incident
jet values. The wall-jet properties at the beginning of the wall-jet transition
region are obtained from the inviscid values. The initial velocity at the end

of the inviscid region is defined from the static pressure and Bernoulli's

equation.

Equations (38) and (39) are used to determine the iritial values of the
exponent o, guverning the wall-jet profiles in the shear layer, and the initial

ratio, \T , of the thermal-to-dynamic layer thickness. The wall layer is now
i

completely initialized upon prescription of the initial boundary layer

characteristics. Fully developed values for the exponent & and the ratio XT

are now prescribed and a linear variation between the initial values at the be-

ginning of the transition to the fully developed region is assumed. Equations

(38) and (39) can then be solved simultaneously for the maximum temperature

and velocity throughout the wall-jet, given a prescribed behavior for the half-
velocity thickness.

For the fully developed wall-jet region, the boundary and shear layers are
assumed to have a simple linear behavior:

WH=3 .L_.) (42)
rN Wa(rN'
SpL _ r (43)
D %L ( D “)1
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and Ms is the st:gnation Mach number of the jet. The wall jet thickness in the
transition region is obtained by a linear variation between the initial and fully
developed values. Some total pressure and temperature decay data is shown

in Figure 59 for single circular jet impingement into a radial wall-jet. The
wall-jet pressure decay is only slightly influenced by the nozzle temperature
ratio for the range tested. The temperature decay shows a greater dependence
on the nozzle temperature. Both the temperature and pressure decays more

rapidly with an increase in nozzle temperature.

6.7 Two-Jdet Interaction Model

Figure 60 shows a sketch of the ground plane coordinate systems for the

two jet impingement interaction problem. The jets stagnate on the ground, de-

1.0 1
4Pm
APy NPR = 1.272
H/D = 3.0
0.8 GAC Test deta
2Tn | O NTR = 1.24
ATy
{3 NTR =158
0.6 |
- Computed
NTR = 1.20
0.4
4
Temperature
0.2y
*——_—_____
o +— + + 4+ +— + o —t
1 2 3 4 5 6 7 8

!‘;D
R81-1622-0610

Figure 59 - Heated wall-jet dimensionless total pressure and
temperature difference dzcay with ground radius.



Jet deflection

one

C-’\’r '.. 2
e QUALIW)
Ground

ap=0

Wet! jet
region

Upwash
detiection
zone

e ¥, —

KL & W

2 0 - ~ =

Vaerticai
upwash sheet

- -

R81-1622-050D

Qz = %S

Figure 60 - Two-jet impingement without deflection zone interaction.

flect into radial wall jets and collide along their plane of symmetry. The

formation of an upwash stagnation zone is a result of the upward deflection of

the wall jet flow. The point Su. on the line joining the jet centers, is the only

true stagnation point where the flow comes to rest and deflects vertically. At

points off of the center, the flow is deflected at an angle such that the pressure

is representative of the stagnation of the normal component of the maximum wall

jet velocity.

6.7.1 Maximum pressure and temperature distribution along the upwash stagna-

tion line - To estimate the upwash stagnation line ground pressure and

temperature distribution, the maximum velocity of the wail jet normal to the

stagnation line is computed:
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JNORM = VMW Cos ¢ u (44)

The maximum pressure along the stagnation line is computed from the static
plus the contribution of the normal velocity of the wall jet.

Pressure - 1 Pyw
= T 2 2
APumg APMW 5 Rl Vaw 0S° ¢, (495)
Dividing by the nozzle pressure given by
AP ’
SN _ _1Vy (46)
7 - NPR-1 = 5 BT
A RaTN
. 2
vields APumg _ “Puw +<PMW> <V_M cos?eou (am
APSN _\.PSN PA VN
N
Temperature - T
R ‘umg _ Tmw (48)
A ) T
A

The maximum temperature along the stagnation line is then just equal to
the maximum temperature of the wall-jet at the stagnation line location, X = %
The pressure along the stagnation line given by eq. (47) uses the maximum
temperature, velocity, and static pressure of the wall-jet evaluated at the
stagnation line location.

6.7.2 Upwash momentum models - The upwash momentum model, including the

160

effects of close jet spacing, remains unchanged in principle due to temperature
effacts and are those described in Ref. 3. The addition of temperature effects
has a slight effect on the ground pressure distribution since the addition of
heat to the flow somewhat aftects the overall decay rates of the various regions.
The overall upwash momentum can then be related to the integral of the upwash

ground pressure distribution as described in detail in Ref. 3.



6.7.3 Heated upwash decay model - Figure 61 shows a schematic of the upwash

sheet model and the characteristic scaling parameters. The upwash sheet is
assumed to be a reflection of the wall-jet flow into the vertical plane of symmetry
lying between the jets. The radial streamline pattern of the wall layer is
assumed to continue into the upwash sheet and, to a first apprcximation, be un-
perturbed by the turning region. The wall-jet flow is assumed to enter the up-
wash deflection region with a characteristic profile, half velocity width and
maximum velocity or total pressure. The characteristic length scale in the up-
wash sheet is the half velocity width of the incident wall-jet layer estimated at
the wall location. The pressure recovery region in the upwash sheet is

assumed to be approximately three times the half velocity width of the incident
wall jet profile. The magnitude of the momentum flux in the resulting upwash
streamline is assumed equal to that of the incident wall-jet. Hence, the upwash

sheet is treated in a similar fashion as the wall-jet with a few exceptions.

Due to the high turbulence levels typically measured in the upwash sheet,
the flow is considered to be fully turbulent and similar. The upwash velocity
profile is taken to be that of a free shear profile with no internal momentum

defect due to the wall layer. The upwash sheet growth rate is assumed to be

. <L
S Cosy,

- N

Fully developed

2Zou
Transition

3y

IDWH tnviscrd!

[

| ’W (;u<
R81-1622-0510

|
1

Figure 61 - Characteristic scaling parameters for upwash modei.
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constant without any initial transition phase. It is also assumed that the
magnitude of the momentum flux distribution in the upwash sheet is given by
the previously discussed momentum models. Expressions for the momentum and
heat flux similar to those for the wall jet can be derived for the upwash flow:

Momentum -
} ("w tIg\ by,

fMu (‘P)[l- fou (v) r r..

N N

2 (49)
2( PuM)( VMu )
Py AVN c (’f ) AP _
T . Mu \"Mu/+ 7p Cpu ( TMu>

N
(2
TN

where AP

Heat Flux -

. y _
Dvu(®) [l" fPu(v)J_ N Zg bu\/P ma\ Voru\ (2 Tvig\ CTu Thaw (5O
S\ N\ Pa AN /8Ty ) 1Ty

1

CMu =ffV2 fp * (_l__fE) dn
P

where

A
o , M_ (51)
fT +<._1_—fI.)
Ty
1
C f d
Pu =/ p r]V (52)
(o)
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C _ f +(1-f
T“'[ () ir(hr) | P (_-—_ ) dny
o} PM
I"i,T N (1—f > (53)
L
Zg Y Y

The pressure terms in eqs. (49) and (50) only have a contribution in the
upwash deflection regions. The above integrals, as with the wall-jet and jet

flows, are carried out over the w.dth of the dynamic layer given by bu' The
thermal layer is considered to be somewhat wider and is given by:

buT = >‘Tbu

The growth rate of the upwash flow is assumed to be approximately three
times the rate of the wall-jet due to the higher turbulence. Equations (49) and
(50) are then solved simultaneously for the temperature and velocity. Initial
application of this model to the heated upwash led to the results shown in Figure
62 for the pressure and temperature decay. The pressure correlates well with
the test data but the temperature decays too rapidly. The wall-jet and upwash
temperature behavior for two interacting impinging jets is significantly different
from a single isolated jet impinging to form a wall-jet. Recirculation effects
dominate for multi-jet impingement. These effects are due to several aspects of
the two-jet problem. Hot upwash flow tends to recirculate back into the free jet
and wall jet regions, altering their effective temperature decay. Confinement
of the region between the free jet and upwash flow tends to heat the ambient
flow or restrict the influx of cooler ambient air into this region tc be entrained
by the wall jet and upwash flow. As a result of these effects, in order to be
able to estimnate the temperature behavior of wall-jets and upwash flow, a
recirculation model must be established,

6.7.4 Recirculation model - As a preliminary attempt at estimating recirculation

effects, a mcdel was generated for both the wall-jet and upwash flows. The
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Figure 62 - Heated upwash centerline decay charazteristics with
recirculation effects.

basic principle of such a model is demonstrated in Figure 63. The model takes
into account that the wail jet and upwash streamlines do not effectively ertrain
air at the reference ambient condition. This situation is most extreme slong

the inner wall-jet and upwash streamline (¢¥=0°%) and is enhanced as the jet
spacing is reduced. The recirculation effect is also assumed to be negligible
along the outermost ray ¥=v). In reality, the cutermost ray may also be
affected if the free jet decav has been sltered. This is neglected in the present
study. In order to quantify the recirculation effect, it is assumed that it

results in a local change in ambient conditions represented by:

TAeff_ 20\ AT
T =1+ AL, 008 (T) g (54>
A
where
rr arec
A =1_8 .~ 1.30

rec [E'I_Z) rec

and ATg is the ground stagnation temperature of the incident jet.
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Figure 63 - Recirculatiorn effects.

Essentially. the amounit of excess heat flux in any given laver is then

altered by the effective local ambient condition:

« T —_ _
HF‘- N TN TAeff

Hence, if the effective or local ambient temperature is equal to the nozzie
temperature. the excess heat flux will be zero ar.d nc temperature decay wiil

take place as a result of the heat equation.

If the incident radius (rg) of the impinging jet is equai to the half sgacing

of the jets. then the effective ambient temperature (T N ef“) beconies equal tc the

TA
incident temperature ratio of the jet along the stream = # =0 ind .10 further
temrerature decay will occur. Figures 64a and 64b demonstrate ihe effect of
this model on the wall jet decay rates for twc jets with S/D = 3.0 and H/D = 3.0,
and two different nozzle temperature ratios. In this figure, the decay is
compuied until the wall jet interacts with the stagnation line. For :>-/2, the
wall-jet decay is computed to a {ixed radius cf three diameters. The least
temperature decay occurs aiong the inner (3=0°) streamline. The wall-jet
decays more rapidly as the outermost ray is approached and. at : = -, the decay

™

of the wall-jet becomes equal to the isolated impingement value.
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A slight overshoot of the values occur at the end of the inviscid region

due tc a micmatch either in the radius of the inviscid region or in the thickness
of thie wall layer. Even though an effective change in ambient temperature
conditions affects the temperature decay rate dramatically. it only atfects the
total pressure decay slightly as indicated by the figures. Figure 65 more clearly
demonstrates the effect of the recirculation model as a function of jet spacing.
the decay of the innermost streamline ( $=0) is plotted as a functicn of jet spacing.
As the spacing increases. the wall-jet temperature decays more rapidly and, as
S/D+=, the decay rate of the ...ieracting wall jet approaches the isolated or single
jet impingement behavior. The recirculation effect on the wall-jet feeds into the
upwash as an alteration of the initial upwash temperature as well as changing the
upwash decay rate. Figure 66 shows the improved correlation in the upwash
temperature decay with the implementation of the recirculation model in comparison
with Figure 62. Obviously. more detailed correlation is required :eally to be able
to quantify this effect. It is also exnected that the presence of a confining plate

or vehicle will significantly alter or enhance the recirculation effects.
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Figur~ 65 - Heated-wall jet decay characteristics (¢ = 0°) vs. jet spacing.
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7 - CONCLUSIONS

For the configuration considered in this investigation. small-scale models
can be used to predict full-scale induced forces. (7o scale effects were found.,
and jet temperature and pressure did not affect the nondimensionalized induced
lift. The induced lift in-ground-effect was found to be higher for the uniform

circular jets than for the simulated fan jets.

Modifications to an existing wall-jet transition model adequately predict
the trends with height above ground of upwash temperatures and pressures.
The eddition of a recirculation model is necessary to predict upwash temper-
atures in the presence of an aircraft.
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APPENDIX

COMPUTER PROGRAM DESCRIPTION

PROGRAM NAME: GRUMHOT?

PURPOSE: VTOL TWO-JET IMPINGEMENT INTERACTION PROBLEM

This program is designed to estimate the dynamic and thermal flow
characteristics associated with two vertically-impinging and equal-strength hot
jets. This program is specifically oriented towards the problem of closely-
spaced jet interaction, where the deflection regions interact untii eventually jet
coalescence occurs.

Aside from the basic flow characteristics, the program assumes the
symmetrical placement of a slender fuselage in the upwash flow. The upwash
lift force is then computed for a cylindrical fuselage of constant cross-sectional
shape. The body parameters, in terms of width and depth, do not vary
longitudinally. The program estimates the force on the basis of a rectangular
and a circular cross section. Two planes of symmetry are assumed and all out-
put applies to one quadrant of the flow field (ie. equal jets and nozzles located
at the midpoint of the fuselage). Jet entrainment effects may be significant but
are neglected in this program. Hence, the force is only that due to upwash
impingement. Some residual programming exists in the code for a parabolic
body of revolution. These cards have been commented out but may be used if
desired.

INPUT DESCRIPTION

Note: All input parameters are in terms of nozzle diameters.

Card No. Code Names Format
1 NPR, NTR 2F10.5
Name Definition
NPR Nozzle pressure ratio
NTR Nozzle temperature ratio



Card No. Code Namt_ag Format

2 HD, SD, ZPLD, DZPL, ZFINAL 5F10.5
Name Definition

HD Nozzle height above ground

SD Nozzle spacing

Note: The program will compute one or several positions of the fuselage
relative to the ground for a fixed nozzle height above ground.

ZPLD Initial fuselage height above ground

DZFL Increment in fuselage AZ above ground

ZFINAL Final Z coordinate of fuselage height relative to ground
plane.

Card No. Code Names Format
3 XL2, WCON, ZCON 3F10.5
Names Definition

XL2 Fuselage Length
WCON Fuselage Width
ZCON Fuselage Depth

Note: ZCON determines position of fuselage underside relative to its ZPLD
location. Bcettom of fuselage will be located at ZPLD-ZCON at first

computed locationn, The upwash sheet properties are also computed at

this Z location.

Card No. Code Names Format
4 IPBAR 11
Name Definition

IPBAR integer controlling the output of ground pressure
pattern: IPBAR = 0, no pressure pattern output
IPBAR = 1, pressure pattern output is desired

Note: Card No. 4 is not required if IPBAR = 0.
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Card No. Code Name Format

5 NU 12
Name Definition
NU Number of pressure values to be input for computa-

tion of ground isobar pattern NU < 2§

Note: Card No. 5 is repeated NU times.

Card No. Code Name Format
6 PU F10.5
Name Definition

PU Nondimensional pressure for isobar pattern

0.0 < PU < 1.0

Figure 67 shows a typical input set.

T0F 2
INFUT DATA
SEESRSRERESARRERARERSERARRITIRABIBIIDRRNASERTILEBRRRABETTSAXARESRREAERARATRAAL

2.00 1.00 4,00
2.0

10
05

PR LA R R et e R e fa R eiRatsisivinesitatitidstissdstineitasi it anisdisnsisssss
EOF:

R81-1622-062D

Figure 67 Typical program input



PRINTED OUTPUT DESCRIPTION

Figure 68 shows a typical computer printout. Most of the geometrical
output quantities are nondimensionalized by the nozzle radius. All velocities
and pressure are initially nondimensionalized by the nozzle exit velocity and
stagnation pressure. All pressures are relative to ambient conditions.

Note: RN and D refer to nozzle exit radius and diameter. VN refers to nozzle
exit velocity.

Input Parameters

The first set of output echoes the input parameters.

Output Titles Definitions
NPR Nozzle pressure ratio
NTR Nozzle temperature ratio
Mach No. Mach number computed from NPR and NTR
TN Nozzle temperature ratio (NTR) relative to ambient
or TN/TA
H/D Nozzle height above ground
S/D Nozzle spacing, distance between jet centerlines
Z/D Initial fuselage height
DZ/D Increment in fuselage position
ZFINAL/D Final location of fuselage
L/D Body Length
W/D Body Width
ZB/D Location of underside of body relative to specified

fuselayge location

Note: If ZB = 0, underside location is coincident with specified fuselage
position.

Jet Decay Region

Output Titles Definitions

DELG/D Jet ground effect height relative to ground plane
ZPC /RN Length of potential core

Z7D/RN Length of potential core and transition regions
Z/RN Jet axial location measured from nozzle exit
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JET DEFLECTION HEIGHT DELG/D = 1.19340
IPC/RN=  6.81493 2ZFD/RN= 12.78302
/RN RJIH/RN RI/RN ALPY visum RC/RN ALPY RIHT/RN TH/TH  TH/TA
0.0 1.0000 1.0000 0.0 1.0000 1.0900 1.3000 i.390%0 1.0000 12,0000
1.7016 1.0181 1.0673 4.0144 1.0000 0.8009 4.0144 11,0101 1.0000 12,0000
3.4033 1.0363 1.13465 4.3209 1.0000 O.34%71 4.3209 1.0343 1.0000 2.0000
S.1049 1.0T544 1.2083 4.57%1 1.0000 0.3035 4.379T 1.0344 1.0000 2.0000
46,8066 1.0726 1.2850 46.7837 1.0000 O0.001% 6.7837 1.0726 1.0000 2,0000
(2321 JET DEFLECTION RECION ss388
RGH/RN= 1.,07237 RG/RN= 1.28501 RO/RN= 3,86124 VG/VUN= 1.00000
STAGNATION PRESSUREs DPS/DPTU= 1.00000 GROUND MAX. TENP.: TGS/TA=
STAGNATION HACH NUMPER OF JET=  0,10000
alPG=  1.50462 .
SINGLE JET GROUND PRESSURES
R/RGH pPS/OPTG R/RN DPS/OPTY
0.0 1.00000 0.0 1.00000
0.15000 0.%4489 0.140080 0.944689
0.30000 0.9082t 0.32:77 0.90823
0.435000 0.083408 0.48243 0.034608
0.40000 0.7354619 0.44354 0.75819
0.73000 0.472%7 0.00442 0.672%7
0.9000C 0,38832 0.924331 0.58832
1.08C00 0.50392 1.1241? 0.30392
1.20000 0.42734 1.28700 0.42734
1.33000 0.33407 1,4479% 0.33409
1.30000 0.287132 1.60883 0.28731
1.43000 0.227723 1.74973 0.22773
1.80000 0.17384 1.93062 0.173504
1.93000 0.13173 2.0913%50 0.1312%
2.10000 0.09329 2.2%321¢ 0.09328
2.23000 0.06404 2.41327 0.04406
2.40000 €.04350 2.37418 0.04350
2.3%000 Q.02483 2.73304 0.024683
2.70000 0.01524 2.,09592 0.01524
2.85000 0.00771 3.0%5481 0.00271%
3.0005) 0.00331 3.21760 0.003%1
3.14999 0.00110 J.37839 0.00110
3.2999° 0.00023 3,33944 0.00023
J. 44990 0.00001 3.70033 0.00001
J.359%9 0.00000 3.06123 9.00000
sesss MALL JET REOION ssuns
STAGNATION POINT DOUNDARY LAYER THICKNESS, DELS/RN= 0,0373%
FPHLl/PAns 1.00373 (PTIOT/FA-1.)se 0.00700 (70Y/TA-1,)= 1.00000
TH1/Tas 2.00000 VAI/UN= 0.468210
VELOCITY AT STARY OF TURDULENT UaLL JET, VUN/VBe 0.66210
START OF WALL JEY REGION,» ALFUO= 0.404080 RWOM/RNs 0.34307 BUO/RN=

131 INPUT PARAMETERS

HPR=  1.0070 NTR= 2,0000
MACH NO.= 0.1000

H/D= 4.

1/0= 2.00000 D2/D~

00000 S/b=

ODY LENGTH L/D= ]

t

RB1-1622-0630(19 Sheets)
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s

IN/TAx

3.00000

. 00000

2.0000

1/0s

WIDTH W/D=

JET DECAY REGION

121 ]

ORIG.-

CE PUUK Glmer

2,00000

1.00000 ZFINA. /De

1.00000 DEPTH ZB/D~r

4.00000

12213

Figure 68 Typical program printout.
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S

RN

-

0.0

DIN/DTN
1.0000
1.0009
1.0000
1.0000
1.0000

2.00000

2.38400

RIKG/RN
1.0000
1.0047
1.0009
1.0120
1.0138

oJ/a8
1.0000
1.0000
1.0000
1.0000
1.,0000
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R/RN

Q.0
9.2500
0.5000
0.7500
1.0000
1.25¢0
1,3000
1.7300
2,000%
2,2300
2.5000
2.7300
3.0000
3.2%500
3.5000
3.73%00
4.0000
4,230
4.5000
4.7500
3.0000
5.2300
3.3000
5.7300
46.0000

0.3474
0.35071
0.4718
0.4409
0.4133
0.3892
0.3874
G.3477
0.3300

VM/VUN

0.0
0.2512
0.4138
0.5455
0.6542
0.723%8
0.7622
0.7744
0.7741
0.7397
0.7347
0.7001
0.8744
0.6439
0.4123
0.5830
0.5476
0.5071
0.4718
0. 4409
0.4113
0.3092
0.3674
0.3477
0.3300

ISOLATED WALL JET FROFERTIES

BUH/RN BW/RN DEL RL /RN GELFJ RDREL TH/TN TH/TA
0.3431 2.3848 0.0374 1.0000 0.0156 1.0000 2.0000
0.34351 2.3860 0.0374 1.0000 0.,0156 1.0000 2.0000
0.3451 2.30480 0,0374 1.0000 0.0136 131.0000 12,0000
0.3431 2.3848 0.03°4 1.0000 0.0136 1.0000 12,0000
0.3491 2.3048 0.0374 1.0000 0.0156 £.0000 2.0000
0.3483 2.0313 0.0370 0.9818 0.0182 0.9844 1.v407
0,3352¢ 1.6938 0.0344 0.9378 0.0216 0.9810 1.921¢
0.3573 1.4460 0.0362 0.8799 0.0247 0.93157 11,8713
0.3620 1.3087 0.,0338 0.8153 0.0273 0.9094 1.4193
0.34664 1.1914 0.0733 0.7492 0.0297 .6836 1.7473
0.3712 1.1028 0.0349 0,483 0.0318 0.8388 1.7173
0.3758 1.0338 N.0343 0.6239 00,0333 0.8352 1.470°
0.3803 0.979¢ 0.0340 ©€.5722 0.0348 0.8138 1.46274
0.3849 0.9347 0.0338 0.52435 0.0340 0.7943 11,5009
0.3693 0.8993 0,0332 0.4827 0,049 0.7773 1.85345
0.3941 0.8683 0.0328 0.44481 2.0377 0.7420 1.35237
0.4103 0.8840 0.0330 0.4023 0.0393 0.7454 1.4702
0.4360 0.9384 0.0394 0.3320 0.0439% 0.7308 1.4612
0,4814 0.9912 0.0437 0.3102 0.0441 0.7176 1.4352
0.4873 1.0438 0.0481 00,2753 0.0441 ©0.7060 1.4120
0.512¢9 1.0964 0.0323 0.2458 0.0479 0.6937 1.3913
0.5384 1.1490 0.0369 0.2207 0.0493 0.6864 1.3727
0.5642 2017 0.0613 0.1991 0.03510 0.477% 1.35%59
0.3899 1.23543 0.0636 0.1804 0.0523 0.46703 1.3405
0.48133 1.304¢ 0.0700 0.,1642 00,0534 0.6633 1.3263

L2232 TUD-JET INTERACTION FROBLEN 132314
838 RECIRCULATION EFFECT ON WALL JETS s¥s
PHI= 0.0 DEGS.
TNEFF = 2.00000 TAEFF= 1.42834
R UN/UN ™M/ TN TH/TA DPH/DPN

0.0 0.0 1.00000 2.00000 1.00000
0.123500 0.14793 1.00000 2,00000 1.00000
0.23000 0.23114 1,00000 2.00000 1.00000
0.37500 0.33728 1.00000 2.00000 1.00000
0.50000 0.41303 1.00000 2.00000 1.06000
0.62300 0.48281 1.00000 2.00000 1.00000
0.73000 0.543548 1.00000 2.00000 1.00000
0.87%500 0.40243 1.00000 2.00000 1.00000
1.00000 0.635414 1.00000 2.00000 1.00000
1.12300 0.49741 0.99740 1.99320 0.9%3569
1.25000 0.72787 0.99183 1.98349 0.90077
1.37300 ¢.73098 o.r3587 1.9717% 0.946012
1.30000 0.76703 0.97942 1.9592% 0.93487
1.62300 0.779%30 0.92312 1.94423 0.50538
1.75000 0.70429 0.96441 1.93261 0.073%39

*1.87%00 0.70018 0.93934 1.91913 0.84204

2.00000 0.7080%9 0,93243 1.90330 0.80935
2,12%00 0.784%8 0.94574 1.899147 0.77354
2.23000 0.37877 0.730888 1.8777¢ 0.74209%
2.37%00 0.77034 0.93213 1.86425 0.70933
2.350000 0.78008 0.92533 1.83104 0.67744
2.42%00 0.7402¢ 0.91913 1.63823 0.644%46
2.73000 0.7332% 0.91294 1.82389 0.41277
2.87300 0.7213% 0.90701 1.81402 0,59025
3.00000 0.70479 0.9013) 1.800268 0.356423

Figure 68 - Continued

0.3303
0.3385
0.13383%
0.3303
0.338%
0.3479
0.3313
0.3750
0.3089
0.40131
0.4174
0.4320
0.4446%
0.4519
0.4772
0.4927
0.3177
0.5500
0.5824
D.46140
0.6471
0.679%
0.7118
0.7442
0.7785

BWHT/RN DTH/DTN

1.0000
1.0000
1.9000
1,0000
1.0000
0.487
0.9219
0.8713%
0.0192
0.7673
0.717)
0.4704
0.4274
0.580¢
0.53540
0.323¢
0.4907
0.4612
0.4332
0.3120
0.391)
0.3727
0.333%8
0.,3403
0.3263

DYM/DTN

1.00000
1.00000
1.00000
1.00000
1.00000
1,00000
1.00000

1,00000

1.00000

0.99320

0.98349

0.97173

0,93923

0.94423
Q.?3281
0.91913

0.90530

0.89147
0.877764
0.84423
0.85104
0.8382%

0.82589

0.81402

0.80244
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0.0

0.17478
0.35133
0.53033
0.70711
0.88388
1.04084
1.23744
1.41421
1.359099
1.24774
1.94454
2.1
2.29009
2.47487
2.45144
2.82042
3.00319
3.19197
3.35873
3.333352
3.71230
l.g8vo07?
4.04585
4,24263

PHIs 43,0000 DEG®

TNEFF = 2,00000

UN/VUN

0.0

0.19441
0.32347
0.43124
0.52460
0.60420
0.477359
0.724%0
0.735432
0.7273578
0.70334
0.78744
0.78287
0.77230¢
0.7%920
0.74213
0.72284
0.70210
0.68058
Q.63927
0.63044
0.561841
0.359812
0.54844
0.54030

TAEFFe

TH/TN

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
0.99149
0.98193
0.971080
0.96117
0.95024
0.93928
0.,92044
0.91788
0.90773
0.89811
0.88959
0.88064
0.872083
0.848544
0.83898
0.85242
0.84472
0.0392¢

1.36581

TH/TA

2.00000
2.00000
2,00000
2.00000
2.00000
2.00000
2.00000
1.98298
1.946390
1.94340
1.92233
1.970051
1.87837
1.834880
1.83377
1.8135%0
1.79424
1.776818
1.76132
1.74570
1.73128
1.71794
1.70484
1,60944
1.47648

PHI= 89.9999% DEGS.

TNEFf= 2.00000

0.0

0.23000
0.3000°
0.735000
1.00000
1.,23000
1.30000
1.73000
2.00000
2.25000
2.50000
2,73000
3.00000
J.2%000
3.30000
3.73000
4.00000
4.23000
4.30000
4,73000
3.00000
3 23000
3.30000
3.75000
6.00000

VH/UN

0.0

0.23114
0.41383
0.34348
0.63414
0.72490
0.74510
0.7913%
0.78170
0.746971
0.7408%9
0.72238
0.49237
0.46122
0.43070
0.60214
0.56724
0.52458
0.49503%
0.43974
0.43202
0.40726
0.383504
0.34849°
0.34402

Figure 68 - Continued

TAEFF =

TH/TR

1.00000
1.00000
1.,00000
1.00000
1.00000
0.v8a28
0.97072
Q.951727
0.93210
0.91244
0.89349
0.87367
0.83592¢
0.84449
0.83124
0.81944
0.80634
0.79499
0.78474
0.773464
0.746748
0.76007
0.73334
0.7472%
0.74144

1.,21417

TN/TA

2.00000
2,00000
2.00000
2.00000
2.00000
1.97436
1.94144
1.90354
1.86419
1.02472
1.78499
1.7313%
1.71858
1.40897
1.46249
1.43608
1.61307
1.58998
1.54932
1.53120
1.33491
1.52014
1.50473
1.49450
1.483314

DFN/DPN

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
0.98242
0.93298
0.7148S
0.87140
0.8249¢
0.77746
0.73037
0.468473
0.64144

0.40132
0.56415
0.53008
0.49919
0:47101

0.4435%0
Q.4194%
0.38281

0.3482s

DPH/DPN

1.00000
1.00000
1.00000
1.,00000
1.00000
0.78127
0.93417
Q.87730
0.81213
0.,74534
0.40107
0.62130
0.34789
0.32032
0.47801
0.44249
0.39897
0.34880
0.30724
0.272392
0.24319
0.,21822
0.19479
0.17829
9.16219

DYN/DTN

1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00000
0.70298
0.94390
0.94340
0.92232
0.900351

0.,878357
0,8%5488
0.835727
0.81393¢
0.794264
0.77818
0.76132
0,74%70
0.73128
0.7179¢
¢.70484
0.40944
0.47440

DTHM/DTN

1.00000
1.00000
1.00000
1.00000
1.00000
0.974634
0.%4144
0.90334
0.84419
0.82492
0.78699
0.7513S
0.71838
0.68097
0.68249
0.630980
0.6130?
0.58998
0.34932
0.535128
0.53491
0.352014
0.30473
0.4%4%50
0.48331



0.0
0.25000
0.30000
0.75000
1.00000
1.25000
1.50000
1.75000
2.00000
2.235000
2.50000
2.730%0
3.00000
3.25000
1.50000
3.75000
4,00000
4.25000
4.,30000
4,75000
3.00000
3.25000
3.50000
3.75000
46.00000

ORIGIi..ni
OF POOR QUALTY

PHI=134.9999 DEGS.,

TNEFF = 2,00000

UN/UN

¢.0
0.2811%
0.41381
0.343548
0.43414
0.72614
0.76313
0.77798
0.77641
0.748272
0.74041
0.71242
0.48128
0.44917
0.61792
0.5080081
0.35361
0.51303
0.47248
0.44543
0.41913
0.394467
0.37274
0.3329%
0.32512

TAE+F =

TH/TN

1.00000
1.00000
1.00000
1.904000
1.00000
0.98355
0.96392
0.940640
0.91642
0.89235

0.848914
0.84743

6.82750
0.80954

0.79351
0.77923

G.74373
0,74993

0.723774
0.72488

v.71716
0,700840

0.20047
0.49323

0,586468

1,

PHI=179.9999 DEGS.

TNEFF= 2.00000

0.0

0.23000
0.30000
0.73000
1.00000
1.23000
1.30000
1.75000
2.00000
2.25002
2.30000
2.73000
3.00009
1.23000
3.%50000
3.7%000
4.00000
4.25000
4,50000
4.735000
$.00000
3.25000
3,30000
3.73000
4,00000

L LR ]

°‘°
0.251%¢é
9.41383
0.34348
0.43418
0.72583
0.76224
0.77641
0.77409
0.759467
0.734687
0.70807
0.46764)
0.44390
0.61233
0,58299
0.354741
0.50710
0.4718)
0.44088
0.41352
0,38%16
0.34734
0.34774
0.33000

Figure 68 - Continued

TAEFF=

TH/TN

1.00000
1.00000
1.00000
1.00000
1.00000
0.98437
0.95097
0.9337%
0.90%43
0.88364
0.03863
0.83322
0.81378
G.774427
0.7272%
0.76196
0.74536
0.73061
Q.71739
0.70402
0.693647
0.48636
0.47792
0.67026
0.,66323

1.

06273

TH/TA

2.00000
2.00000
2.00000
2.90000
2.00000
1L.97451
1,92784
1.88119
1.83289
1.78470
1.73833
1.49486
1.635%01
1.61908
1.358702
1.33850
1.3273%0
1.49982
1.47547
1.45376
1.43433
1.414681
1.40095
1.30651
1,323

00009

TN/

2.00000
2.00000
2.,00000
2.00000
2.00000
1.,96874
1.92194
1.87149
1.61923
1.26727
1.71724
1.67044
1.4273%
1,58a93
1.53430
1.352392
1.49073
1.46121
1.43519
1.41203
1.3913%
1.37271
1.33383
1.34551
1.32491

&

e am
R

DPM/DPN

1,00000
1,00000
1.007 .
1.00000
1.00000
0.98166
G.53718
Q.87714
0.91436
0.74799
0.48397
0.42430
0.57087
0.32317
0.48147
D.44494
0.40128
0.33097
0.30930
0.27443
0.24497
0.21988
0.19€33
0.17974
0,146355

9PN /DPN

1.00000
1.00000
1,00000
1.90000
1,00000
0.90183
0.937.2
0.87987
0.81333
0.74917
0.68527
0.62385

0.3,222
0.52447
0.48268
0.44606
0.,40235
0.335197
0.31024
0.27331

0.243580
0.220648
0.19907
0.18042
0,144ty

DTH/DTN

1,00000
1.00000
1.00000
1,00000
1,00000
0.97111
0.92764
0.88119
0.83285
0.78470
0.71833
0.49484
0,45%501
0.41903
0.50702
0.,35%830
0.527%0
0.49987
00,4754
0.4%3376
0.43433
0.41481
0.40095
0.30651
0.37212

DTR/DIN

1.00000
1.00000
1.00000
1,00000
1.00000
0.94874

0.92194
0.,87149
¢.31923
0.76722

0.71226
0.467044

0.42753
0.%3892

0.5%4%0
0.52392
0.49073
0.46121

0.433510
0.41205
0.3911%%
0.372271

0.35389%
0.340%1

0.,32435:
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. X

.

FRY

OF FCOL. T

¥AXINUN GROUMD rRESSURE AND TEMFERATURE ALONG UPWASHGROUND STAGNATION LINE

XW/RN XW/S OPRAX/OP PHAX ’PHAX(Q DTMAX/DYL TMAX/THALO
0.0 0.0 0.56423 1400000 2.50288 1.000600
C.17473 ¢.02512 €.346128 0.9%478 ©0.00208 Q.99927
0.33943 0.050844 0.33243 0.97944 0 80071 ¢.997207
0.52678 0.08814 ¢.32952 0.735443 0.79734 .9°337
0.7:101 0.1'650 0.%1502 0.91987 2.79313 0.9688153
0.89814 2.14909 0.4%182 G.8727012 ¢.7877 0.98137
1.09171 0.33:98 0.46482i1 0.32429 €.780%4 C.97296
1.294C7 d.213580 0.43382 0.74884 0.77284 C.%46287
1.50665 0.25111 3.398e2 0.70348 0.76335 0.9%104
1.23509 0.76867 0.36127 G.54028 Q.275241% ¢.93739
1.97313 G.22033% 0.32273 Q.37202 323794 ©.92184
2.23341 9.37224 0.281402 0.30337 0.723591 9.90438
2.51770 0.41953 .24282 0.43C148 0.700823 0.88298
2.83033% 0.47172 0.195817 0.34753 0.48737 2.8563¢
3.17901 0.329%7 0.13244 Q.27198 0.44518 0.828s9
3.37323 ¢.59388 0.11445 0.204639 C.a4117 0.79862
4.07949 0.67182 0.0053Z 0.13127 0.61545 C.78473
4.56127 0.7602; 0.04009 9.10630 G.58798 4.7323t
S.19514 0.864602 0.04024 0.07149 0.35874 0.4961:
5.97344 0.593358 0.0255 9.04331 3.32781 0.53757
6.95473 1.13912 0.0130¢ 0.02473 0.4%52¢ 0.61594

. 24235 1.32372 0.00811 0.01438 0.44293 0.37423
2.000%6 i.87009 0.00383 0.90483 0.42%03 0.52732

12.45775 2.10962 ¢.00133 0.00272 0.38730 0.28277
17.01334 2.8353%4 0.0004% 0.000€62 0.34029 0.43352

UPWASH NOMFENTYN FUNCTION: JET RADIUS, INTERACTION CONSTANT, UERTICS&L UPWASH SHEET MONENTUM: AND COALES
RG/RMN= 1.29301  ACOK= 1.81453 XM= Q.93884 FHIO(DEGS)= 0.0

UFWASK WI.™H CONSTAMT ESTINATE » CU- 0.29758

-

s8% CALL INTERG ss%2

SOLUTION OF GROUND FREISURE DISTRIBUTION HaS BEIN FOUND

ITERATION CYCLF= 15 EPS= €.0369: SlEna= 0.7.47%

EF1= 9.03491 Cul= .29738 PHIUO- 49.43231 FH'0= 63.52774 DEGREES
PHI=0.0s DNELPNO-= 0.67723
PHIa0.0- FAIN= C.11529

FHI20.0, ALFUG: 2.73835
UFUASH THICKNESS CONSTANT, (CU) X (5IGMé)= 6.22208

$38  CONFUTATION OF TUN-JLT SROUND ISCRAR PATTERN 39¢
10 VALUES CF PRESSURE SPECIFIED FOR FATYERN

PR R= [ 3 0.30000 0.20000 J.60500 0.350000 0.40000 0.30000 0.26900
N.:c000 0.23000

igure 68 - Continued
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CRIG:NAL PiCE

R

OF PGCR QUALITY

GROUND FATTESN IN EY CFNTERED COORDINATE SYSTEM

FRAR= 0.90000

JET INMPINGEMERT REGION, '4ET= 2§

XIS0J (1504
2.34791 0.0
0.34740 0.21472
0.34443 0.02941
0.34509 0.04402
G.34291 0.050%52
0.340:2 0.072869
0.338673 c.08707
0.33277 0.1010%
0.3282) S.aiese
0.32314 0.12827
0.31733 0.14145
¢.31144 3.15433
0.3048S C.144683
¢.29780 0.178¢99
¢.2902: 0.1%07s
0.28242 0.20214
0.27414 0.2:2:10
0.2463351 ¢.225483
0.234633 0.23374
0.24729 0.24213%

23772 ¢.25260
0.22793 0.26135
0.21292 0.2494%

. 9.2076% 0.27748
0.1922% 0.2u484
Q.10672 0.29173
0.17601 0.29824
€.146320 0.30423
G.13428 0.30981
0.13428 0.30981
0.13132 0.31999
0.1076% 0.3284¢
0.08333 G.13%19
0.0358%4 0.34011
¢.03411 0.34328
0.00911 0.37461
-.0.5%0 0.34433

-0.J4C7¢9 0.34:34
-0.04344 0.33727%

-0.08970 0.3318¢
-0.11347 0.37429

-0.136480 0.3135
~0.:38%? 0.30408

-0.18232 Q.27137
-0.20100 0.27735

-0.:203%6 0.26209
-0.23a87 0.243522

~0.2539¢% 6.22719%
-0.271460 0.20794
-0.28583% 0.18761
-0.29840 0.16433

-0.30978 0.14418
-0.3193¢ 0.12130
-0.32722 0.09727%
-0.33119 C.07379
-0.331783 J.049%2
~0.34049 0.02477
-0.34139 0.000%0

Figure 68 - Con
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R TR T )
Chizuems T -

OF Frok QUALTY

JET INPINGEMENY REGION» TJETYa

x1300

0.35673%
0.354404
0.34530
0.562735
0.55719
0.53444
0.54912
0.34243
0.353324
0.352498
0.51784
0.50788
0.49712
0.49343
0.47342
v.46033
0.44703
043298
0.41837
0.40324
0.38770
0.37122
0.33337
0.3384°
9.32172
0.3044Y
0.28703
0.24937
0.25159
0.235139
0.2t1413
0.i7%62
0.13621
0.07514
0.55562
0.01483
~G.02593
-0.048652
-3.104871
~0,1464628
-0.,18593
-0.2227s
-0.235920
~0.29439
-0.32771
-0.33948
-0.30934
-0.41732
-0.44290
-0.44413
-0.40674
-0.%0317
-0.5207%
-8.53341¢
~0,54148
-0,350%0
-Q.35%24
-0.554671

Figure 68 - Continued

PRAR~

58

Y1s0)

0.0
0.92403
0.04793
0.07378
9.09543
0.1100¢
0.14199
0.14479
0.18220
0.20%17
0.23047
0.23164
0.27206
6.29180
0.31108
0.32943
$.34752
0.38449
0.30114
0.374912
0.41193
0.42620
0.43%73
0.43230
0.448433
0.47381
0.48433
0.4%2613%
0.3503522
6.30322
0.352182
0.53%43
0.54640
0.554¢7
0.53980
0.56177
0.34115
0.55744
0.355078
0.354122
0.52084
0.51364%
0.49337
0.47347
0.43261
0.42740
0.399%7
0.370a¢
0.33%0v
0.30595
0,27123
G.23512
0.19781
0.13%49
0.12033
0.080%5Y
5.04039
9.00001

0.80c00

UPUASH DEFLECTION REGION:

X1sou

YISOU

-
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ORIGINAL PAGE 1S
OF POOR QUALITY

JET INPINGEMENY REGION, JJET=

i x1s04

0.76842
0.74573
0.76363
0.74602¢
0.73540
9.74923
0.74179
0.73304
0.72307
0.7118°9
0.499%54
0.48608
0.67133
0.63402
0.6193)
0.62214
0.50392
0.358490
0.54516
G.34475
0.523723
0.50219%
0.48007
0.45753
0.43440
0.41133
0.38775
0.34391
0.339@7
0.33987
0.28929
0.23724

0.18401
0.12988
G.07513
0.02007
-0.03303
-0.08987
-0.14413
-0 197481
-0.24996
~0.30093
-3.35023
-0.39748
-0.44297
-0.48%89
-0.32£22
~0.%8373
~0.359631
-0.62971
-0.43779
-0,48242
~0.70347
-0.72084
-0.73444
-0.74420
-0.,75008
~0,752174

Figure 68 - Ccentinued

PRAR=

5B

YIspy

0.0

0.03243
0.04478
0.09892
0.12892
0.18054
0.17181
0.22261
0,235288
0.28257
0.31160
0.31994
0.34731
0.39429
0.,42023
0.44329
0.44944
6.49243
0.514%90
¢.33418
0.35648
¢ 37574
0.59401
0.81127
0.627352
0.64275
0.45700
0.567024
0.68250
0.68230
0.7G4%1
0.72357

©.73819
0.74929
0,754622
0.759146
0.75809
0.75304
0.74403
0.73112
0.7143%9
0.493%3
0.46984
0.54230
0.461141
Q.%7736
0.34032
0.,30048
0.43807
0.41330
0.36440
0.31742
0.26721
0.21343
0.182%5
0.10884
0.03434
0.30001

0.70000

UFWASH DEFLECTION KEGION.

x1sou

YIsou

U=

(]
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JET IMPINGEMENT REGIOMN, IJET=x

10
OR‘G‘ M Y.V \TY
()F_ ‘:()()Fz (2\,‘\h
FOAR: 0.40000
38
X1s04 Y1504 XI1S0U
0.95092 0.0 2.73420
0.,96005 0.040644 2.73724
0.95745 0.08122 2.76042
0.93313 0.12157 2.746%792
0.94710 0.16144 2.77408
G.93939 8.201131 2.78352
0.93004 0.24049 2.80129
0.72170¢9 0.27910 2.823140
0.90437 0.31704 2.85749
0.89234 0.33428 2.93%72
0.872706 0.39048 3.00000
0.84018 0.425620
¢.84198 0.46078
0.82250 0.49435
¢.80182 0.52487
0.78003 0.355829
0.75717 0.%594%7
0.73333 0.41747
0.70839 0.645Z7
0.58200 0.6722%
0.635444 0.469748
0.429%8 0.72185
0.40189 0.74474
0.357344 ¢.726440
0.354489 0.78427
0.31571 0.80%688
0.4861% 0.82373%
0.45624 0.84033
0.42612 0.83570
0.42612 0.85%5570
0.36270 0.88380
0.29744 0.90720
0.23079 0.92577
0.14283 0.93944
0.09420 0.94813
0.02514 0.95181
~0.04392 0.95048
~0.11247 0.%44149
~0.,18074 0.93283
-0.24774 0.91864
~0.31339 0.895469
~0.37729 0.97004
-0.43914 0.83982
-0.49840 0.80530
~0.55%538 0.7468358
-0.40919 0.72388
~0.43926 0.47743
-0.70482 0.42749
~0.735014 0.%57432
-0.78951 0.35t818
~0.,82472 0.45939
-0.83%60 0.39823
~0.88199 0.33503
-0.90177 0.27011
~0.%2082 0.25180
-0,93304 0.13547
~0.94042 0.06041
~0.94289 0.,00001

Figure 68 - Continued

pL PFGT '3

UPWASH DRIFLECTION REOICN,

YIsou

0.0

0.09247
0.18511¢
0.27811
0.371464
0.443088
0.36104
0.6572¢9
©.75484
0.835193
0.8466842

lur
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ORIGINAL PAGE IS
OF POOR QUALITY

JET IMPINGEMENT REGYON, JFTa

x1S04

1.15977
1.138°2
1.13338
1.15034
1.14308
1.13379
1.12250
1.10928
1.09437
1,07724
1.05854
1.60381¢9
1.014621
0.99271
0.96775
0.94143
0.91384
. 0.88509
0.83522
0.82433
¢.79252
0.759946
0.724845
0,69235
0.45743
0.62243
0.58473
0,33048
0.51430
0.51430
0.43773
0.33%00
0.27844
0.19433
0.1136%
0,03038
-0.,0330¢
-0.1359°
-0,21814
~0.29903
-0,37824
-0,433537
-0.53001

-0.4017d
-0.467032
-0.7352%
-0.,79428
-0.83300
~-0.90517
-0,93289
-0.99518
~1.03265
-1.084351
~1.09079
-1.11137
-1.12613
-1.13%04
-1.136801

Figure 68 - Continued

PRAR=
S8

YISOJ

0.
0.04997
0.09802
0.14473
0.19509
0.24296
0.29024
0.3348¢
0.38247
0.4273%
0.47153
0.51440
0.334613
0.359843
0.43590
0.67382
0.71036
0.74549
0.77916
0.981136
0.8420%
0.87123
0.87868
0.92300
G.949568
0.97285
0.99419
1.01422
1.03277
1.03277
1.048449
1.09493
1.1173%
1,13384
1.14433
i.14878
1.1471¢
1.13931
t.125880
1.10635
1.06103
1.935008
1.01345

0.97195
0.92321
0.87367
0.81742
0.75234
G.467316
2,462541

0.33443
0.489083
0.40435
0.32400
0.24598
0,18489

0.002%7
0,00002

0.35000C

UPWASH REFLECTION REGION,

X1S0u

2.439%47
2.46023
2.44189
2.6647)
2.44877
2.47421
2.49121
2.69003
2.70102
2.71472
2.73192
2.73392
2.78312
2.82518
2.90661
3.00000

T1sou

9.4

0.09247
0.1831}
0.27011
N.371464
0.46588
0.56104
0.463729
0.75484
G.85399%
0.9347¢
1.03763
1.,182794
1.272038
1.38087
1.40834

1ys
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JEY INPINGEMENT RFGION» I1JET=

1504

1.37138
1.37011
1.346437
1.36022
1.,35142
1.34082
1.32728
1.31164
1,29278
1.27376
$.23147
1.,22758
1.,20140
1.17381
1.14430
1.11319
1.008058
1.04456
1.01123
0.97472
0.93710
0.09849
0.835897

0.818446
3.77743
0.73598
0.49379
0,65114
0.40812
0.60812
0.51761
Q.42449
0.32924
0.23238
0.13443
0.033%0
-0.04248
-0.14077
-0.23793
-0.33338
-0.44723
-0,353844
~0.62670
~0.71136
~0.,79239
-0.0493°
-0.94133
-1,008/1
-1.07034
~1.12872
-t.17697
~31,22104
~-1,25871
-1.28979
-1.31412
-1.33157?

T-1,34212

-1.34562

rigure 68 - Continued

ORIGINAL PAGE IS
'OF POOR QUALITY

PBAR=

S8

YisoJ

0.0

0.05802
0.11370
6.17350
0.23047
0.28729
0.34321
0.39832
0.43240
9.5053¢9
0.3373%
0.60824
0.65759
0.70530
0.7519%
0.79673
0.83996
0.80149
0.92131
0.95737
0.993547
1.0301?
1.06286

1.09374
1.12282
1.15009
1.175%6
1.1992%
1.22118
1.22118
1.26129
1.29468
1.32219
1.34049
1.3%100
1,3583%
1.33449
1,34740
i.33128
1.3081¢9
1.27825
1.24144
1.19852
1.1492%
1.5939%
1.03304
0,98678
¢.693%
0.81962
0.73951
0.635360
6,54832
0.47012
0.38347
0.2708%
0.19474
0.097463
0.00002

0.40000

UPWASH DEFLECTION REGION:

X1S0U

2.58414
2.358449
2.38558
2,3508741

2.59003
2.5931%50
2.39791
2.40337
2.61003
2.61807
2.42774
2.63938

2.,635343
2.67051

2.69146
2,7176¢
2.75144
2.79778
2.873538
3,00000

YIsou

0.4
0.09247
0.1831}
27811
0.37144
0.44508
0.356104
0.465729
0.73484
0.853935
0.935479
1.03763
1.16274
1.27038
1.38087
1,49454
1.61174
1.73292
1:85048
t1.92118

1V
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£ 19
ORIGINAL PAG

PDAR= 0.3¢000

JET IMPINGEMENY REGION: IJEY= 38 UPWASH DEFLECIION REGION, IUs 24
X150J Y1804 XI1S0Y YIsou
1.40708 0.0 .31 0.4
1.460543 0.04800 2.31147 0.09247
1.40128 0.13%983 2.51223 0.18511
1.3940% 0.20333 2,313%7 0.27011
1.58397 1.27033 2.51543 0.37244
1.37108 0.33647 2.51789 0.44588
1.55344 0.40221 2.32099 0.36104
1.,33712 0.448477 2.352477 0.65729
1.51419 0.53028 2.52933 0.73484
1.49273 0.3925% 2.353474 0.83393%
1.46604 0.6333¢9 2.54119 0.95479
1.43841 0.71280 2.54877 1.057263
1.40814 0.77043 2.55770 1.18274
1.37553 0.82478 2.34020 1.27038
1.34101 0.8811¢ 2.58079 1.3a087
1.30453 0.93371 2.393%46 1.494%4
1.26633 0.98433 2.61347 1.61174
1.224448 1.03302 2.63497 1,73292
, 1.18307 1.07948 2.86119 1.85040
1.14227 1.12429 2.693566 1.98892
1.09819 1.16682 2.73482 2.12481
1.05294 1.20725 2.789M1 2.26876
1.00443 1.24337 2.87044 2.41548
0.93939 1.2817¢4 3.00000 2.40897%
0.91131 1.31381
0.86249 1.34779
0.81303 1.37764
0.7439%8 1.40340
0.7.268 1.43110
0.71245 1.47110
0.603%9 1.47810
0 49744 1.51723
0.38%084 1.34830
0.27233 1.97114
0.13734 1.58549
0.04208 1.359183
~0.07343 1.58942
-0.18042 1,57902
-0.30227 1,%6013
-0.43143% 1.53306
~0.52413 1.49798
-0.43100 1.43508
~0.73443 1,40451
~-0.83388 1.244682
-0.920884 1,28203
-1.019484 1.21064
~1.10340 1.13297
~1.18211 1.04943
-1.23545? 0.94051
-1.32041 0.864663
-1.37930 0.74830
~1.430%4 0.44401
-1.47509 0.56071
=1.,511351 0.45174
-1.34002 ¢.3408%
~1.36049 0.2282¢
-1.%7282 0.11441
~1.376%4 0.00002

Figure 68 - Continued
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JET IMPINGEMENT

R

K

POAR=

REGION. 1JET= 38

X180 Y1S00

1.80017 0.0

1.98448 9.07989
1.8€137 0.13939
1.872a7 0.23889
1.84103 0.31761
t.843589 0.39534
1.827351 0.47234
1.803%98 0.54844
1.78139 0.42302
1.75302 0.696135
1.7234% 0.76748
1.6902¢ 0.837/9
1.43446 0.90842
1.61620 6.9713¢
1.357537 1.03329
1.33274 1.09703
1.48783 1.15632
1.44099 1.21371
1.39235 1.2483]
1.34207 1,32093
1.29028 1.37092
1.23711 1.41842
1.18271 1-44344
$.12720 1.30394
1.07071 1.34599
1.01336 1.59354
0.95327 1:61041
0.896%55 1.463123
0.83731 1.68142
0.8373) 1.68142
0.71270 1.73665
0.508447 1.782¢42
0.45323 1.81912
0.31997 1.843598
0.18310 1.848306
0.04944 1.8702¢
-0.08430 1.84767
-0.22149 1.89521
-0.33314 §{.83302
-0.48404 1.80122
~0.61581 1.76000
-0.74137 1.70940
-0.86289 1.63502¢9
-G.97974 1.58241
-1.09131 1.30431
-1,19705 1.42240
-1.294640 1.33114
-1.38808 1,23301
-1.47401 1.128%2
-1.33137 1.01822
-1.620354 0.90248
~1.68124 0.78251
-1.73310 0.53832
-1.27309 0.53073
-~1.80%40 0.40047
-1.,83343 0.246013
-1.84793 0.13442
-1.83277 0.00002

Figure 68 - Continued

POUR A

Car T e

vw

.

0.20000

UPUASH DErLECTION KEGION»

xX180u

2.42493
2.42521
2.42598
2.42722
2.428v8
2.43124
2.43199
2.413723
2.44103
2.443538
2.45034
2.43400
2.44244
2,44993
2,47830
2.48689¢
2.49947
2.351281%
2.5285S
2.54727
2.5697¢
2.39480
2.629746
2,67830
2.743768
2,83529
3.00000

YIsou

0.4
0.0924
0.18331
0.27811¢
0.37142
0.44368
0.346104
0.6572¢9
0.75484
0.8539%5
0.9547¢
1.65763
1.14827¢
+.27038
1.3808?
1.49454
1.6117¢
1.73292
1.83840
1.98892
2.12401
2.,26476
2.41540
2.37178
2.73635%
2.91085
3.073IN

1U:»
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JET IMPINGEMENY REOION: JJET=

X104

2.18354
2,11049
2.0738%
2.03398
1.99092
1.94497
1,895
1.04444
1.76040
1.73403
1.675351
1.61500
1.53248
1.49870
1.42323
1.33643
1.28813
1.21944
1.14953
1.07888
1.00739
1.09759
0.85763
0.70333
0.545352

0.38%04
0.22274
0.05949
-0.10385
-0.24642
-0.42734
-0.593%838
-0.74104
-0.89214
~1.03837
-1.3709%8
-1.31323%
-1.44048
~1.354C05
~1.67133
~1.77378
-1.08464634
~1,93012
~2.02314
-2,0085S5S
~2.13704
=2.17734
~2.,20631
-2.22373
~2,2295%

Figure 68 - Continued

ORIGINAL PAGT 13
OF POOR QUALITY

PRAR=

50

Y1504

0,7497¢
0.83772
0,92380
1.00779
1.08958
1.16894
1.243584
i.32013
1.39172
1.480354
1.52451
1,58958
1.64971
1.,70488
1.76105
1.81222
1.84039
1.90357
1.94278
1.98703
2,02337
2.023¥
2.08v82
2.14515
2.18907
2.22138
2.24193
2.250644
2.24748
2.232%50
2,20579
2.14733
2,11793
2.05722
1.983%%0
1.90421
1.,R1263
1.71167
1450183
1.4837¢4
1.356802
1.22529
1.00426
0.94164
0.79220
0.63869
0.48191
¢.32244
0.14174
0.00003

0.10000

UFWASH DEFLECTION REOION,

X180V

2.25300
2.28283
2.30024
2.31303
2.32%40
2.33385
2.34%482
2.33%527
2.34493
2.37503
2.38589
2.39785
2.41139
2.42704
2.44529
2.47134
2.50457
2.354475
2.5991314
2.46421
2.74253
2.74253
2.747202
2.75208
2.75702
2.76214
2.787242
2.772835
2.77847
2.7842¢
2.79024
2.79644
2.802R4
2.80%49
2.814138
2.823%4
2.83100
2.83877
2.84490
T 95541
2.96434
2,87379
2.883680
2.8%9444
2.90592
2.91836
2.931216
2.9478%
2.94888
2.99881

YISDU

0.73488
0.93393
0.95479
1.05743
1.16274
1.27038
1.38087
1.494354
1.481174
1,732%2
1.95048
1.98692
2.12481
2,28678
2,41548
2.57178
2.7385%
2.910846
3.0939)
3.29313
3.50414
3.50414
3.3522¢10
3.54132
3.56000
3.57895
1.3979)
3.461704
1.6347
3.635342
3.475¢9
J.6%4569
3. 2140
3.73424
3.75424
3.77435
3.79459
31,81497
3.83548
3.80613
3.087691
3.89784
J.91891
3.94013
J.96149
I 98299
4,00469%
4.02645
4.00943
4.07053

Tu»
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JET IMPINGEMENY REGION,

X150J

2.08713%
2.02600

1.96221
1.8939%
1.82732
1.734979
1.608440
1,410351
i.53492
1,43800
1.37990
1.30080
1.22084
1.,140189
1.14018
0.97049
Q.79588
0.41730
0.43370
9.25203
0.04732
-0.11732
-0.30148
-0.48340
-5.66294
-0.93853
~1.009354
-1.17301
-1.33412
-1.484604
~1.:43004
~1.74333
-1.,89124
-2.00719
-2.11232
=2.20474
-2.208934
~2.,3399¢
~2,4182¢
-2.44388
~2.49644
-2.9163%
-2.32094

UPUASH DEFLECTION ZONE LINE,» PRAR=0 OUTSIDPE INTERACTION REGION

Xhe

2.18381

2.17064
2.17211%
2.140202
2.13041
2.13328
2.11834
2.09410
2.04743
2.03604
1.9992)
1.93409
1.903139
1.94573
1.77313
1.69093
1.389354
1.44390
1.31268
1.110088

Figure 68 - Continued

PBARS

1JET= 4]

YI1s04

1.49304
1.5748¢

1.43273
1.22738
1.79973
1.86680

1:,93148

1.99278
2.0504¢
2.10520
2.15613
2.20409
2.248%1
2.,209462
2.20942
2,36482
2.42742
2.47713
2.51349
2.53493
2.54480
2.54323
2.52627
2.494603
2,43273
2.39662
2.32299
2.24723
2.15479
2.05116
1.936%1
1.81264
1.47901
1.33672
1.38632
1.22920
1.08535
0.89444
0.72273
0.54332
0.346512
0.18308
0.00004

Yue

0.33002
0.50972
0.48473
0.04428
1.04974
1.24264
1.,44472
1.4380¢
1.88%502
2.1286)
2.39242
2.48096
3.00009
3.35700
3.76187
4.22810
4.7744¢
$.42806
6,2295;

¢.,05000

UPWASH DEFLECTION REGION.

X180V

2.14019
2,220839

2.25449
2:.27227%

2.28751
2.30004

2.31384
2.32739
2.34447
2.3465%
2.39259
2,425%0

2.447%9
2.31904

2.31904
2,52380
2.32884
2.53424

2.34001
2.34413
2.33249
2.55947
2.34712
2.37508
2.30340
2.39270
2,480244
2.41291

2.482414
2.63423

2.64922
2.66323
2.87844
2,49493

2.712%0
2.732%7
2.73423
2.77828
2.8052¢9
2-83415
2.87247
2.92179S
2.99761

Yisou

1.,49454
1.4%174

t.73292
1.85048
1.70092
2.12401
2.26474
2.41348
2.37172¢
2.73463%
2.71084
3.0959)
3.2931)
3,504%4
3.30414
3 83007
3.3%440
364403
3.69212
3.74097
3.79042
3.04107
3.092%
3.944352
3.9973¢
4.05182
4.10442
4.16230
4.21910
4.27710
44334607
4.3%19
4.4574]
4,.51985
4.58349
4.64039
4.71460
4.78215
4.0512,
4.92149
4,99339
5.06403
S.14190

1us

43



INV,.VEL,s=

/RN

0.38034
0.53116
0.88178
0.83280
0.78362
1.13443
1.20523
1.43407
1.58489

1.73771
1 ARRSY

2.0393%
2.19017
2.3407
2.49180
2.44242
2.79344
2.94424
3.09508
3.245%
J.1ee72
3,54754
3.4931%
3,84917
3.9999¢

INV.VEL .=

I/RN

0.615%0
0.9231°9
1.2399”
1.53856
1.84428
2.1%393
2.4481¢2
2.75731
3.076%99
3.38448
3.69237
4.000035
4.310774
4.61543
4.92311
3.23080
$.53849
3.84817
&.153088
&.,4615%
6,787v23
7.07832
7. 38401
TL.4692130
MR A ALY ]

FHID=
0,354013 THI/TA=
ZOU/RN=

UMU/UN TH/TN
0.54015 0.90133
0.460309 0.89130
0.4091° 0.87894
0.59224 0.84543
0.5414° 0.85312
2.30113 0.84234
0.44413 0.83340
0.43498 0.082373
0.4099%4 0.81904
N.38696 0.81319
N.RAARY a.RA799
0.34837 0.80334
0.331°3 0.79915
0.331713 0.79534
. 30362 0.791%0
0.29124 0.70073
0.27991 ' 0.78%84
0.26944 Q.78317
0.235974 9.78049
0.2%077 0.77819

24240 Q.77424
0.234%9 0.77424
0.22729 0.727239
0.22043 0.727064
0.21399 0.7489¢9

0.2687) THI/TA=
ZO0U/RN= 1.84449 BUO/RN=

YNU/UN TN/ TN
0.25871 0.77937
0.32788 0.77604
0.33782 0.7s%18
0.323%8 0.74089
¢.30302 ¢.73283
0.28421 0.24742
0.246772 0.74211
1,2%312 0.73768
0,24009 0.73372
0 22840 0.73017
0.21782 0.72693
0.20822 0.72403
0.19744 0.72137
0.09142 0.71893
0.18402 0.721448
Qe.17719 0.71440
0.17¢8¢ 0.71287
Q.14497 ¢.71080
0.,15949 0.70921%
¢.15437 370765
N.149%2 0.70419
J.145046 0.70442
0.1408% D703
0.1348Y 0.72212
o.tYi0Y D.72018°

tigee

LA T
e

- a "“."\

)

ke
L ¥

)

oy

CONPUYATION OF UFPMASH FLOM FIELD

COMPUTATION OF UPWASN STREAMLINE FROPERTIES

Q.0

PEGS

1.80264 DELPUY=

1.14:02 BUO/RN= ©.44730

TH/TA

1.80246
. 78261
1.7379}
1.7312%
1.706235
1.48447
1.48479
1.65146
1.43812
1.62639
1. AIROR

1.60468
1.5%830
1.39071
1.58301
1.57749
1.57149
1.564634
1.56139
1.9%5679
1.,335231
1.540852
1.54479
1.54127
1.33798

PHID= 40.0000 DEF™

1,330874

DELFWI=

TH/TA

1.339874
1,38207
1.53076
1.32178
1.30044
1.49424
1.48422
1. 4793%
1.44744
1.46033
1.433%1
1,44807
1.442724
1.43785
1,4331%
1.42920
1,42534
1.4217s
1.41843
1.41531
1,41239
1.409435
1.40797
1.4C464
1.40273%

0.56423

PELTMI= 0.80246 PBUON/RN=

BUOHN/RN= 0.206180

BUH/RN

0.20418
0.25143

0.29448
0,34192

0.38217
0.43241

0.477486
0.52290
0.346833
0.61340
0.ATRAAL

0.70369
0.74913
0.79438
. 03742
0,08487
0.93012
Q.97%34
1.02061
1,06583
1.11110
1.15634
1,2015%
1.24483
1.792080

0.16133

BUH/EN

0,49331
0.55858
0,52383
0.48912
0.7543%
0.81946
0.88493
0.9502¢
1.01347
1.08074
1.14601

21128
1.27435
1.34182
1.40709
1.47237
1.53763
1,60291
1.466818
1.7334%
1.79972
1.84639¢
1.92974
1.99483
2L OR300

BU/RN

0.4473%0
0.3750¢9
0.472248
0.7723%27
0.87786
0 780435
1.00304
1.105463
1.20822
1.39081
1.49340

1.5959¢
1,69650
1.80117
1.90374
2.00433
2.1089%4
2.21153
2.314tt
2.414670
231929
2.62138
2.722447
2.82706
2.92945

0.38034

TLANL= 1.22919

DPU/DP Y

Q.346417
0.53185
0.44950
0.4029¢
0.34477
0.29814
0.26071
0.23030
0.20317
0.18414
0.16632

0.15107
0.1377
0.12445
0.11641
0.10735
0.09920
0.092720
Q.08643
0.0807¢
0.07320
0.07108
0.04488
0.043035
0.059335

DELTUI» 0.55874 BUGH/RN=
TLANI» 1.05924

£.018%3  BUOKN/RN> 0.49331

RUSRN

1.11883
1.26653
1.41432
1.362%1
1.7:081
° §.835850
2.004649
2.1544¢
2.302480
2.45047
2.59840
2.74444
2:89443
3.04244
3. 19044
3.33643
J.48442
3.43442
J.78241
3.%3040
4.07840
122639
4.37438
4,%2230
4.670%7
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pPy/oPY

0.16122
0.16462
0.15529
0.13801
0.,12197
0.10812
0.09458
0.08665
0.078%7
0.07144
©.00527
0.0%988
0.05515
0.05097
0.04725
0,04394
0.040%8
0.03829
0.03387
0.03347
0.03148
0.02984
6.02819
0.02486
0.025 ..,

DTH/DTN

0.80264
0.78241

0.73791
0.73129%
0.70423
0.468447
0686679
0,6314°

0.4381%
0.62639
0.41598

0.40448
0,39830
0.59071
0.38301
0.32749
0.57169
0.56434
0.5613%
0.33479
0.33251
0.54832
0.,34478
0.543522
0.33798

0.613%0

DTM/DTN

0.55874
0.35207
0.53874
0.31178
0.50546
0.49424
0.48422
C.47536
0.48744
0.46033
0.,45391
0.44807
0.44274
0.4378%
0.4333%
0.4292¢C
0.42534
0.4217¢
0.41843
0.413531

0.41239
0.40948
0.40707
0.40464

0.4023%
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ZU/RN

4.0000
1.0000
4.00060
14,0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000
4.0000

R ‘RN

3.0000
3.0024
3.013¢
3.0305
3.0819
3,0
J.1%C8
3.1,23
3.2103
3.2639
3.3228
3.3066
3.4533
3.5283
3.40355
3.4857
3.2213%
3.8598
3.9582
4.0457
4.1429
4.24264
4.3448
4.4493
4,35%9

FHIB

0.0
2.7283
S.4403
8.1301
10.7843
13.392%
15.9434
18,4249
20,9344
23.1984
25.4413
27.4440
29,7440
31,7394
33,4%00
35,5376
37.3039
38.99%10
40.4013
42,1376
43.4028
45.0000
45,3322
47.602%
48.8140

UFWASH FFOFERTIES CONPUTED AT Z LOCATIOR OF UNDERSIDE OF pODY

2ODY CENTERLINE LOCATION AT Z/RN»

X/RN

0.0

©.3333
0.4467
1.0000
1.3333
1.4487
2.0000
2,3333
2.46887
3.0000
3.3333
3.64847
4.0900
4.3333
4.6687
3.0000
3.3333
5.6667
46.0000
6.3333
b.8667
7.0000
7.3333
7.6887
9.0000
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VHU/UN

0.2140
0.2.37
0.2136
0.2130
0.2122
0.2113

0.2101

0.2087
0,2071¢

0.2053
0.2033
0.2032
0.19%0
0.1946
0.1%41
0.1913
0.189%
G.1862
0.1833
0.1803
0.1773
0.1743

0.1713

0.1633

0.1454

DPU/EN

0.0595
0.03595
0.0593
0.0591
0.0%97

0.0383
0.037?
0,03271

0.0343
0.035S
0.,0346
0.0536
0.032%
0.0814

0.0503
0.0491

0,0479
0.0447
0.,0454
0.0441

0.0429
0.0415
0.0402
0.0389
0.0372

BUH/RN

2921
1.2931
1.2940
1.3009
1.3076
1-3161
1.3263
1.3379
1.3312
1.348%38
1.3813
1.3901
1.41%7
1.4344
1.43346
1.4735
1.4938
1.5147
1.5384
1.%63%
1.3892
1.6157
1.6427
1,670}
1.46979

4.00000

DPU/PUO DPU/PUS

1.0000
0,999
0.9943
0.,9923
0.9863
0.9783
0.9492
0.9502
0.9435¢
0.9316
£.2183
0.8997
0.8822
0.86346
0.0443
0.8240
0.8047
0.7843
0.7628
0.7407
0.7185%
0.6964
0.4730
9.6338
0.46331

FLAT BOTTOM VEHICLE WITH SHARP COKRNERS

UFWASH LIFT FORCE

LU/27 4=

RODY WITH CIRCULAR CROSS SECTION

UPWASH LIFY FORCF

Lu/s2T42

0.09718

0.02366
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0.0393
0.0393
0.0593
0.0391
0.0387
0.0383
0.037?7
0.0371
0.0543
0.0358
0.0344
0.0334
0.032%
0.0314
0,030
0.0491
0.0479
0.0447
0.0434
0.0441
0.0428
0.0413
0.0402
¢.038¢
0.0377

TH/TA

1.3380
1.33727

1.9370
1.33%7
1.5340
1.5319
1.5293
1.5263
1.3230
1.5194
1,51358
1.5114
1.,5071

1.3027
1.4981
1.,4933
1.4888
1.,4840
1.4792
1.4744

1.4496
1.4640
1.4601

1.,43554
1.4309

DYSK/DTN

Q.5380
0.5377
0.3320
0.33%7
0.3349
0.3319
0.3293
0.3263
0.323¢0
0.51%4
0.31395
0.35114
0.5071
0.35027
0.4701
0.4933
0.4808
0.4840
0.4792
0.4744
0.446%6
0.4648
0.4401
0.4334
0,430

PR8/PN

0.03333
0.0393¢

0.05881

0,05791
0.054480

0.05313
0.03334
0,08133
0.04717
0.04487
0.04448
0.04204
0.03%40
0.03718%
0.03482
0.03252
0.03032
9.02021

0.02418
0,02423
0.02243
0.02074

0.01914
0.01770
0.01633



IU/FN

6.0000
6.000C
6.0000
6.06000
4.0000
6.0000
4.0000
4.0000
4.0000
46,0000
44,0000
4.0000
4.0000
6.0000
4.0000
4.0000
6.0000
6.0000
4.0000
§.0000
6.0000
4.0000
4.0000
6.0000
6.0000

RU/FNM

J.o0nc0
3.0
3,0082
3.0189
3.0327
3,0510
3,0732
3.0992
3. 1209
3.1623
3.1992
3.2394
3.2830
3.329¢8
3.1791
3.431°
J.A07
3.54%)
3,605
3.5081
3.7334
3.8004
1.84%6
3.940%
4.0:39

FHLE

0.0
NE R
4,2364
4.3402
8.4270

10.4915
2.5288
14.5344

15,5743

18.4349

20,3231

22.1643

23.7623

25.70%9

27.4073

29.0544

T0.4504

32,1957

33,4900

35,1342

34.5208

37.8749

19,1736

40.4260
1.6335
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UFWASH FROPERTIES COMFUTED AT 2 LOCATION OF UNDERSIDE OF pODVY

BONY CENTERLINE LOCATION AT Z/RN= 6.00000

Y /RN YNU/UN DPU/PN RUM/RN  DPU/PUD DPU/PUS T™M/Th

0.0 0.154¢ 0.0317 1.8921 1.0000 0,0317 1.507%
0.3313 0.13435 0.011? 1.0928 0.9995 0.0317 1.3074
0.4647 0.1544 0.0316 1.8933 0.9%01 0.0316 1.5070
1.0000 0.13542 0.0316 1.0992 0.99%7 7.0314 1.5062
1.3333 0.1539 0.0318 1,9047 0.9923 0.0315 1,5052
1.4667 0.1335 0.0313 1.9118 0.9879 0.0113 1.30)9
2.0000 0.1530 0.0312 1,9203 0.9828 0.9312 1.%023
2,311} 0,13524 0.0310 1.9302 0.,7743 0.0310 1.5009
2.6667 0.1317 0.0307 1.9414 0.9490 0.0307 1,4983
3.0000 0.1310 0.0303 1.9539 0.%408 0.0305 1.4962
3.3333 0-1%501 0.0302 1.95477 0.9514 0.0302 1.4938
3.6687 0 1492 0.0299 1.9024 0.9414é 0.0299 L1.4911
4,0000 0.1482 0.0295 1.9984 0.9308 0.0295 1.4233
4,3333 0.1471 0.027 2,053 0.9191 0.0291 1,4854
4,6067 0.1450 0.0207 2.0330 0.9087 0.0287 1.49823
5.000C0 d.1448 0.,0283 2.0545% 0.8937 0.0203 1.4771
3.3333 0.1435 0.0279 2,0709 0.8801 0.0279 1.473%0
5.66487 ©0.1422 0.0273 2,0908 0.84%9 0.0275 1.4723
4,0000 0.140C v,0270 2.1114 0.8%14 0.027¢ 1.4691
6.3333 0.1394 0.0243 2.1323 C.8264 0.0263 1.,4657
6.6487 0.1380 0.0260 2.1541 0.8212 0.0240 1.4622
7.0000 0.1383 0.0253 2.1761 0.8057 G.0253 1.4568
7.3333 ¢.13%0 0.,0250 2.1988 ¢.7%01 0.02%0 1.4333
?.8687 0.1334 G.0245 2.2234 0.7737 0.0245 1.4510
3.0609 D.1319 0.0240 2.2484 0.7373 9.0240 1.4483

FLAT BPOTYOM VEHICLE WITH SHARF CNRNERS

UPWASH LIFT FORCE LUs270= 0,054823
H¥ODY WITH CIRCULAR CFOSS SECTION

UFWASH LIFT FORCE LU/21g= 0.01440

Figure 68 - Continued .

DTSH/DTN

¢.%5076
0.5074%
0.5070
0.3062
©.5052
0.3039
0.%5023
0.500%
0.49995
0.4942
0.4938
0.4911i
0.4083
0.4354
0.4823
0.47%1
0.47%58
0.472%
0.4491
0.4857
0,4822
0.4508
0.4353
0.4519
0.4483

PIS/PN

0.93170
0.03143
0.03147
0,031i8
0.03078
0,03028
0.02%49
¢.02900
0.02824
6.02741
0.02633
0.02340
G.02444
0.853453
0,0224¢
0.02165
0.02045
0.01946
0.01867
0.01774
0.05481
0,01592
0,01303
0,014
0.01341



UFUASH FECFERTIES COMFUTED AT Z LOCATION OF UNDERSIDE OF DHODY

wyiY CENTERLINE : OCATLON AT Z/Ru= 8.0000¢
IU/RN RW/RN FHIB A/75N UYHUUN CFYSFH RUH /RN DFU/PLO DFU/PJS TH/TA ODTSH/UTN FPRS/PH
8.0000 1.000C 0.9 0.0 J.112 9.0197 2.4921 1.0000 0.0197 1.49035 0.*903 0.01972
8.0000 3.0014 1OF3ST 0.3333 0.121Z ¢.0197 2.4928 C.9997 0.0197 1,4904 0,4%904 0.01970

8.0000 3.0033 3.4682 0.65847 9.1211 2.0197 2,4947 0.9%88 0.9197 1.4901 0.4901 ©0.0:9e2
8.300¢ 3.0124 S.1944 1.0000 $.1210 0.0197 2.4788 0.9972 9.019?7 1.4894 0.48%6 0.91930
1.0000 3.02290 $.9112 1.3333 0.1209 0.0194 2.5078 0.9951 0.01%6 1.4€89 0.4887 0.01934
3.0000 3.0342 861358 1.6667 €.1207 0.2194 2.5088 Y. 9922 0.0194 1.4880 0.4880 0.0.713
8.0000 3.0492 10.3048 2.0000 C.1204 0.01935 2.3140 9.9008 0.0195 1.4870 0.4870 0.01008
8.0000 3.0460 11.974) 2.332) 0.1201 0.0194 2.32435 0.9847 0.01%4 1.4039 0.4338 0.01838
8.0000 3.0849 13,8270 2.58567 0.1198 0.0193 2.3342 ¢.9800 2.0193 1.40844 0.4724 0.01923
5.07%00 3.10946 15,2551 3.0000 0.1194 0.0192 2.5451 0.9747 0.0192 1.4828 N.40280 0.0179°
2.0000 3,1347 . 1584 3.3323 0..:89 0.0191 2.53570 0.9487 0.019% 1.4011 0.4811 0.01730
8.0200 3.1423  19.4349 3.88487 0.1185 0.0190 2.54%9 0.9£22 0.0190 1.4793 C.4793 G.01708
8.9030 J.1922 19.7831 410000 0.1179 0.0188 2.5840 0.9530 0.0189 1.4773 9.4773 0.01642
8.0000 3.2244 2:.35014 4,31313 0.1174 0.018? 2.5990 0.9472 0.018? 1.4732 0.4752 0.01417
8.0000 3.2388 22,9087 4.4647 0.1163 ¢.0165 2.6139 0.9389 ¢.0183 1.4720 0.4730 0.01349%
8.0000 3.2954 24,4439 3.0000 O.1161 9.0183 2.8318 0.9299 0.0183 1.4707 0.4707 0.01320
8.0000 3.3340 25,8643 5.3333 0.t15 0.C1082 2,494 6.0205 0.0182 1.4403 0.4483 0.01470
8.0000 3.3747 27,2553 S.6¢657 0.1147 ¢.0180 2.5478 0.9103 0.3180 1.4438 0.44638 0.(1419
8.0000 3.4173 28.4810C4 4.0000 0.1143 0.017¢@ 2.4248 ¢.9002 0.0:78 1.4413 0.4633 0.01348
8.0000 J.44817 29.93:1% 6.33133 2.1132 5.0173 2.7045 0.99°94 0.0173 1.4807 0.4407 0.01742
8.00C0 3.3080 31.2184 5.5687 C.1124 0.0123 2.7248 0.8783 9.0173 1.4301 0.438% 0.01.:67
8.0000 3.33559 32.4712 ?7.0060 2.11135 9.0171 2.7478 0.8640 9.0171 1.45354 0.4T34 H.01217
2.0000 3.403F  33.6700 7.3317 0.1107 9.014% 2.74691 0.8350 0.0159 1.4327 0.4327 0.01167
8.0000 3.4568 34.8753 7.6667 0.1)98 0.0144 2.79i0 ¢.8430 0.0164 1.43%500 0.4500 0.01119
8.0¢00 3.7093 34.0273 08.0000 0.1339 0.0164 2.8134 0.8.02 0,064 1.4472 3.4472 0.0t107

FLAT BOTTOM VEMICLE WITH SHARF CCRNERS
UPNASH LIFT FORCE LU/27J= 2.0389

MDY WITH CIRCULAK CROSS SECTION

UFHASH LIFT FORCE Lus2ri- 0.%0970

Figure 68 - Concluded.



Output Titles Definitions

RJH/RN

RJ/RN
ALPV
VJ/VN
RC/RN
ALPT
RINT/RN
TM/TN

TMI/TA

DTM/DTN
RJHQ/RN
QI /QN

Note: RN,

Half-velocity ruCius of jet measured from jet center-
line

Half width of jet

Exponent of velocity profile

Centerline velocity

Potential core radius

Exponent of temperature profile

Haif tempersture radius

Center line temperature non-dimensionslized by nozzle
temperature

Centerline temperature nondimensionalized by ambient
temperature

(TM-TA)/(TN-TA)

Half dynamic pressure radius

Centerline dvnanic pressure

VN, TN, and QN denote nozzle radius, velocity,

temperature, and dynamic pressure. TA denotes ambient

temperature.

Jet Deflection Region

Single jet impingement characteristics are printed.

Output Titles Definitions
RGH/RN  Half-velocity radius of jet at ground-effect height
RG/RN  Jet half width at ground-effect height
RO/RN  Deflection zone or pressure recovery radius
VG/VN  Sguare root of jet ground stagnation pressure
DPS/DPTJ Jet ground stegnation pressure nondimensionalized by
nozzle stagnation pressure
TGS/TA Stagnation temperature of incident jet at ground-effect
height.
ALPG Exponent of ground pressure distribution
R/RGH Radial location in deflection region relative to ground

stagnation point. Nondimensionalized by ground-effect

half-velocity radius of jet
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DPS/DPTG

R/RN

DPS/DPTJ

Wall Jet Region

Ground pressure nondimensjonalized by ground
stagnation pressure

Radial location in deflection region nondimensionalized
by nozzle radius

Greund pressure ncendimensionalizad by nozzle
stagnation pressure

Isolated wall jet properties are printed in this set of output.

Output Titles
DELS/RN
VMI/VG |
VMI/VN §
ALPWO
BWOH /RN
BWO/RN
PMI/PR
TMI/TA
(FTTOT/PR-1.)
(TOT/TA-1.)
R/RN

VM/VG
VM/VN

BWH/RN
BW/RN
DELBL/RN
DELPJ
KDEL

™/TN |
TM/TA |

BWNT /RN
DTM/DTN

Definitions
Boundary layer thickness at stagnation point
Inviscid maximum velocity at jet half width (RGH) radial
location or start of transition to turbulent wall jet
Exponent of velocity profile at start of wall jet
Half velocity thickness at start of wall jet
Initial thickness of wall layer
Initial static pressure in wall layer
Initial temperature of wall layer
Initial total pressure of wall layer
Initial total temperature of wall layer
Radiel location in wall jet measured from ground
stagnation point
Maximum velocity in wall layer nondimensionalized by
square root of ground stagnation pressure
Maximum velocity in wall layer referenced to nozzle
exit velocity.
Half velocity thickness of wall layer
Thickness of wall layer
Boundary layer thickness
Maximum stagnation pressure in wall layer
Ratio of boundary layer to total wall layver thickness
Maximum temperature in wall layer profile

Half temperature thickness of wall layer
(TM-TA)Y (TN-TA)



TWO-JET IMPINGEMENT INTERACTION OUTPUT

Recirculation Effect on Wall Jets

Note: This set of output recomputes the wall jet properties accounting
for the interaction of two hot jets.

Output Titles Definitions
PHI Azimuthal angle in jet-centered ground polar coordinate
system
TNEFF l Effective nozzle and ambient temperature ratios with
TAEFF | recirculation effects taken into account,
R Radial location in wall jet, measured from ground
stagnation point
VM/VN Maximum velocity in wall layer
TM/TN { Maximum temperature in wall layer
TM/TA ’
DPM/DPN (PM-PA) /(PN-PA) or (PM-1.)/{NPR-1.)
DTM/DTN (TM-TA)/(TN-TA) or (TM-1.)/{NTR-1.)

Maximum Ground Pressures slong Upwash Ground Stagnation Line

Output Titles Definitions
XW/RN J Coordinate along stagnation iine measured from upwash
XW/,/S ‘

stagnation point
DPMAX/DPJ Stagnation line pressure nondimensionalized by nozzle
stagnation pressure (PMAX—PA)/(PN-PA)

PMAX/PMAXO Stagnation line pressure nondimensionalized by upwash

stagnaticn point pressure
DTMAX./DTJ Stagnation line temperaiure nondimensionalized by nozzle

stegnation te:nperature

TMAX/TMAXO Stagnation line temperature nondimensionalized by

upwash stagnation point temperature

Upwash Momentum Function

Output Titles Definitions
RG/RN radius of jet at ground effect height
ACON Constant in momentum function



XMOMZ Total vertical momentum in upwash sheet non-dimen-
sionalized by the optimum value of Mj/2n

PHIO Coalescence angle used irn upwash momentum model
If PRIO = 0 jets are not coalesced
If PHIO > 0 jets have begun to coalesce

Note: Depending on the value of PHIO (i.e. zero or non-zerc) the constant
ACON applies to the appropriate upwash momentum model.

CcU Nondimensional upwash defiection region width constant

Note: There are two possible outputs that can occur at this point. If the
jats are spaced far enough apart the comment:

JET AND UPWASH DEFLECTION REGIONS DO NOT
INTERACT, CU ESTIMATE IS CORRECT

In this case the value of CU is correct and the jet impingement and
upwash deflection regions are independent. The perturbation
parameters are then defined as:

EPS = 0.0

SIG = 1.0

PHIUO = 0.0

PHIO = ¢.0

PMIN = 0.0 along upwash line
ALPUG = 1.50

If the nozzle spacing and height above ground are such that the deflec-
tion regions interact, the subroutine INTERG will be culled and

**%xCALL INTERG***
will be displayed. The following output wili be printed,

Note: The ground pressure distributions are computed without temperature
effects.
Output Titles Definitions
iteration cycle Number of iterations required to find solution using
Newton's method
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EPS or EPI Perturbation parameter for jet impingement pressure
distribution

SIGMA or SIG Perturbation parameter for upwash deflection region
pressure distribution

CC or CUI Upwash width estimate prior to iterative solution

PHIUO Angles defining the intersectior. of jet and upwash

PHIO deflection regions
Note: The following values apply along the line connecting the jet stag-

nation points on the ground (i.e. x = 0).

DELPWO Pressure at upwash stagnation point nondimensionalized

by nozzle stagnation pressure

PMIN Minimum pressure between jet and upwash deflection
regions nondimensionalized by nozzle stagnation
pressure

ALPUG Exponent of upwash ground pressure distribution
function

(CU) x

(SIGMA) Final value of upwash thickness constant

Note: If IPBAR = 0, the following output will occur.

Computation of Two-Jet Ground Isobar Pattern

Qutput Titles Definitions
PEBAR Input values of pressure, nondimensionalized by nozzle
stagnation pressures, will be echoed.
Note: The following will be repeated NU times.
Output Titles Definitions
WJET Number of points on jet impingement region isobar
IC Number of points on upwash deflection region isobar

Note:

If IJET = 0 or IU = 0, the specified value of PBAR was not found
in ground pressure distribution.

The following coordinates are referenced to the jet stagnation poiut
on the ground.

Output

XISOoJ
YISOS

Titles Definjtions
X coordinate of jet isobar
Y coordinate of jet isobar



X1SQU X cocrdinate upwash region isobar
YISOU Y coordinate of upwash region isobar

The final set of output in this section is the upwash deflection zone
line. If the deflection zornes do not interact, ambient conditions exist
along this line.

Xup X coordinate of yipwash line
YUP Y coordinate of upwash line

COMPUTATION OF UPWASH FLOW FIELD

Upwash Streamline Properties

Note: Two streamlines are printed

Output Titles Definjtions
PHID Azimuthal angle of upwash streamline referenced to jet
ground coordinate system
INV. VEL. Inviscid turning region maximum velocity
TMI/TA Inviscid turring region maximum temperature
DELPWJ Maximum pressure on upwash stagnation line on the
ground where upwesh streamline orginated
BWGH/RN Hdalf velocity width of incident wall jet streamline
ZOU/RN Upwash turning region height above ground
BUO/RN Initial upwash width
BUOHN /RN Initial upwash half velocity width

Upwash Streamline Decay Properties

Output Titles Definitions

Z/RN Upwash Streamline coordinate (ZS)

VMU/VN Unwash maximum or centerline velocity
TM/TN Upwash maximum or centerline temperature
TM/TA

BUH/RN Half velocity width
BU/RN Haif width of upwash

DPU/DPJ Upwash maximum or centerline total pressure non-

dimensionalized by nozzle stagnation pressure or

(PMU-PA) /(PN-PA)



Upwash Properties Computed At Z Location of Underside of Body

If ZB = 0, the output will yield the upwash properties at Z = constant
plane above ground.

Output Titles Lefinitions
ZU /RN Upwash coordinate measured from ground plane
RW/RN Radial coordinate from jet ground stagnatjon point to
upwash stagmnation line
PHIB Azimuthal location of upwash streamline referenced to
jet coordinate system
X /RN X coordinate in upwash sheet or X coordinate on
fuselage
VMU /VN daximum or centerline upwash velocity
DPU,PN Maximum or centerline upwash total pressure

nondimensionalized by nozzle stagnation pressure
(PpgPad/(PyPy)

BUH/RN Half-velocity width of upwash

DPU/PUO Upwash total pressure nondimensionalized by total
pressure on streamline originating from upwash stag-
nation point (X = 0, Y = 0) '

DPU /PJS Upwash total pressure nondimensionalized by jet
ground stagnation pressure

TM/TA slaximum or centerline upwash tempeiature

DTSM/DTN (TM-TA)/(TN-TA)

PBS/PN Stagnation pressure on underside of fuselage placed

in upwash sneet

Jpwash Lift Force

Two values are printed:
FLAT BOTTOM VEHICLE WITH SHARP CORNERS
BODY WITH CIRCULAR CROSS SECTION

Output Title Definition
LU/2TJ Upwash lift force nondiinensionalized by the total
thrust of the two jets

COMPUTFER PROGRAM LISTING

Figure 69 shows a Fortran listing of the computer program
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VIOL TWO-JET INFINGEMENT INTERACYION COMFUTER FROGROGM
FOK CLOSELY SFACED JETS
BY H.J.SiCLAK]
516 $75-2207
GRUNMAN AEROSPACE CORFORATION
BETKFAGE NEW YORK 11714

FROGRAN GKUNHET2

KEAL KDELFDKDTLOoNFRsNQsNoNDREL
REAL MACHINPRJNTR

CORMON/UALL/DELS s NO+KDELOsALFG1ALFPUOALFWF D2 R0, KGHI VG, BWHG

COMHON/MALLY/ TLANI DELPS,DELTSE,FSEAR
COMMON/NOZZLE/NFR o NTR s THs GANs HACH 1 ACHS » TAEFF + TNEFF
COMNOM/ JET/SDRGU

COMMON/HEIGHT/ HD.IFBAK

JET00020
JET00030
JET00040
JET00050
JET00060
JET00070
JET00080
JET00090

SEEBEREBEBTBSERUSETUREEIERBERABERSESRIRIRRREORRBLIORORERIBBEETRRRIRIRIETO0100

JETOO0L10Q
JETOO0120
JETOO0130
JETO0130
JET00150
JETO00140
JETOQ170
JET00180
JETOO0190
JET00200

FETANB(ETA A =ETA-(A.Z7CA+L. ) SETASS(ATL ) 4(8. /(2. FA+1.)ISETASS(2, 8JET00210
1AL - (A /(I BAHL. DI SETASB (I EA+1. )+ (1. /(A BATL. ) JBETASB (4. 8A4L.) JETOQ220

BODY SHAFE FUNCTIONS FOk FORCE FREDICTION
M2, JHALF-WIDTH IX HOZZLE KADLI
ZBODY .. . HALF DEFTH IN NOZZILE RADII
DZDXB. .. AXIAL SLOFES
THNOSE. . . NUSE ANGLE OF FARAROLIC BODY

FARAEOLIC BODY MITH COUSTANT CROSS SECTIONAL SHAFE

W2CXB) = SETANCTHROSE) B (XL28R2-XBE$2)/XL2
ZRODOY(XB) =, SETAN(THROSEY S OXL2#92-X%8K2)/XL.2
BZIXB(XE)=TaN( THNOSE) ¥ XB/XLD

CYLINBRICAL BORY MITH CONSTANT CROSS SECTIONAL SHRFE

W2{AB)=MCON
ZBOUY (XB)=2C0N
DZOXB(XB)=75SCON

CYLINDRICAL BODY PARAMETERS IX TERNS OF NOZZILE BIAATERS

ZSCON=0.0
THNOSE-~14.03423P1/180.

CIRCULAR CROSS SECTION

FOINTY OF FLOW SEFARATION

PI=3.14159263

GAm=1.4

FHISEP=13S.8P1, (A0,

READ (S5s1) NPR.NTR

READ (5+1) HDsSD,ZPLDDIPL,ZFINAL

FORNMAT (5F10.53)

READ (5¢1) XL2,MCON»2CON

WRITE (4,21)

FORMAT ("t ¢///30%Xe 582 TMPUT PARAMETERS 838°//)
HACH SORT(2.0(NPR-1.)/GAM)

TN=NTR

MRITE (4,171 NPR/NTR

FORMAT (20X s "NPR™’ sFB. 492X "HIR®' ,FB.4)

MEITE (6027) MACH, TN

FORMAT (20X, MACH HO.=' +F10.4: 2%, "TH/TAS"F10.4)
WRITE (6:9) AD»SD.2FLD

FORMAT (20Y, 'H/D="+sF10,5+2Xs " S/D% +¥10.512X+°7/D5°+F10.9)

WRITE (48:997) IPLDDIFL, IFTNAL

R81-1622-0640(30 Sheets)

Figure 69 Program FORTRAN Listing

JET0022

JETO0240
JET0025¢
JETO04240
JET00270
JET0G280
JETO0290
JET00100
JETCO310
JET00120
JET00330
JET00340
JET003S0
JET00340
JET00370
JETO038BO
JET(0390
JET00400
JET00410
JET100479
JETO0430
JET00440
JETOCASO
JET00440
JET00470
JET00480
JETQ0490
JETO0S00
JETHOS10
JET00320
JLT00%30
JET00S40
JET00S30
JET00S5460
JET00S70
JET00580
JETI0%90
JET00600
JET00410
JET00420
JET00630
JET00640
JET00650
JET00660
JET0067C
JET00680
JETC049C
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907 FORMAT (/20X 2/DxsF10.5¢2Xs " DZ/0='vF10,5:2Xs*ZFINAL/D=’»F10.5/) JET00700

WRITE (4,908) XL2,WCON,ZCON JET00710
908 FORMAT (720X, BODY LENGTH L/D=’,F10.5:2X,‘WIDTH W/0a’ ¢ F10.5¢2Xe "BEJETO07ZQ
1FTH ZB/D='+F10.5/) JET00730
ZPLANE=2,R2PLD JETQ0740
JET007350

COMPUTE JET STANDOFF DISTANCE AND EFFECTIVE JET DECAY HEIGHT JET00740
(GIRALY ET aAL) ET00270
JETO0O0780

IF (HD.LE.4.9) DELG=0,.15387,8 JET00790

IF (HD.0GT.6.8) DELG=0.1339(1.+HE) JETQQR0G
TEND- (HD-,308DELG) €2, JETOCB1D
WRITE (6,22) JETO0R20

22 FORMAT (/7/730X» sessd JET DECAY REQION s8888°//) JET00830
WRITE .6¢7) DELG JET00840

7 FORMAT (10X, ‘JEY DEFLECTION HEIGHMT DELG/D =°+F10.5) JET00850
JET00840

CONPUTE JET DECAY JET00870
JETO0B80

ALL DIMENSIONS NONDIMENSIALIZEDR BY NOZZLE RADIUS JET00890
JET00900

SET EMPIRICAL CONSTANTS FOR HALF-WIDTH REHAVIOR ANR LENGTH OF JETO0910
POTENTIAL CORE (KRYCAN(EY AL} JET00920
JET00930

A2=,040 JET00940
$2=,809 JEV00950
FH=y. JET00940
A3, 098 (1. +ALOGI2. /(1. 42, /TNEE.S))IE(1,0-. LAXFHENACH) JETO00970
B3=0. JET00980
IFCO=8.55 JET00990
FH=0.0 JETQ1000
TFCx SEIPLOBCL. #1./C(TNOE.?3))8(1, 5+, 188FHENACH) JETOiO10
Al=A24(R1-1.,)/2PC JETO1G20
IFD=BY/(A3=-AT) JET01030
ALPFD®1.3 JETOL1040Q
WRIVE (4+23) ZPCH2FD JETO1050

23 FORMAT (10Xs ZPC/RN="F10.5+2Xy" 2FN/KN='4F10,%) JEYQ1060
NRITE (6012) JETO107¢

12 FORMAT (//73X¢“T/RN’ 93X "RUH/RN’ )36 ‘RI/RN’ 12X e "ALPU s 4%y ‘UI/VUN’ 24X IETOL 08B0
92 "RC/RN’ 13X1"ALPT o 3Xv "RJHT/RA v 2X» "TH/TN 22Xy "TH/TA’ » 4X» "DTIM/DTN  JETO1090

222K 'KIHO/RAN’ 42X, *QJ/70N°) JETO110¢
JETO1510

REGICN 1.,..FOTENTLAL CORE REGION OF JET.. JETO1120
- JETO1130
NJZCaS JETO01140
OMPC=NJFC-) JETO1150
If (2END.GE.2PC) DZPC=IPL/DNPC JETO1140
1F (ZEND.LT.ZFC) DIFC=ZEND/DNFC JET01170
Z=0. JETOL180
RO 190 I 1.NJFC JETC1190
IF (I.EQ.1* GO TO 102 JETO12¢C0
69 10 193 JETO1210
102 vi=t, JETO§220
KJH=1. JETO1230
RJHT=1, JETO01240
RJ=1, JETO012350
ALPVC=0, JETO12460
ALPTC=1.S JETO01270
[ JET01280
RIPC=L, JETO01290
TH=1, JET01300
DELFNN=Y., JEVTO1310
THR=TH JETO1320
DELYAN=1.0 JETO01330
kC=t, JETO1340
RINQ=1, JEYO01300
60 TO 104 <ETO1740
103 ETAC=].-1/2FPC JETO01370
RUH=2ALRZ Y, JET01380
CALL JETFCT (TNIETAC,RIH+ALFVC s TLAM:CV2,CT1RVIRT? JET013%0
TLANPC=TY " JETO1400
FAsR /Ry JETOL410
RIRT=TLAMIRIN JEYO01420
TH=t, JET01430
THRITAH JETO1440
PELTHN=], JETO01450
DELFHAN=L., JEYOta4C

Figure 69 - Continued
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KJFCaky £701470
RIHTPC =RIHT JETO01480
vJat, JET01490
RC=ETACSRY JETO01500
ALPTC=ALPVUC JETO1810
CALL GHALF (THB,ETAC ALPVC) TLAMRT) JETO1520
RJHQ=RIIRD JETO1530
VG=1. JET01540
T0=1., JETO1550
THESTAG=THB+VISVIBINTR-TN) JET01340
DISTAG=(THETAD-1.)/ (NTR-1,) JETO137¢C
104 URITE (66101) 2sRINIRIVALFVUCIVIIRCIALFTCIRIHT s THy THBHIDELTHNIRIMG, JETO01580
1DELPHN JETO13590
11 FORMAT (I1X24(F?2,4+1X)+8(F7, 441X 14(FB.4,8X)) JET01400
I=240ZPC JETO1410
100 CONTINUE JETO1620
[+ JETO1430
C TRANSITION REGION II AND FULLY DEVELOFED REGION OF JET JET01440
C JET01450
1F (ZEND.LE.IFC) GO T0 9% JET014860
NJFDe23 JETC1470
DNFD=NJFD-1 JETO01480
ALPUFD=1.3 JETO01490
ALPTFD=1.50 JETO01700
TLAMFDo1.+.1858TNES,.S JETO171¢
RCON={2.-S0RV(2.))/", JET01720
1 RUFD=RCONSS(1, /ALPVFD) JETO1730
RJFD=(AJISZFO+BI) /RVFD JET01740
RTFD=RVFD JETO01730
RIHTFD=TLANY o (ASHIFD4RY) JET01740
DZ=(ZEND-ZPC)/DNFD " JETO1770
ZsZFC 402 JET01780
DO 200 I=2+NJFD JETO0:790
IF (2.G7,.2F0) 80 TO 201 JETO1800
RJ=RUFPCH((RIFD-RIPC)/(ZFD~ZFCI)S(Z2~-2PC) JETO1810
RJH=A232402 JETO1820
RV=RJIM/RJ JETO1830
ALPU=ALDG (RCON) /ALOG (RY) JETO1040
ALPT=ALFY JETO1850
TLAR=TLAMPCH( (TLAMFD-TLANPC) /(ZFD-ZPCH)I®(Z-2PC) JET01860
60 TO 202 JETO1870Q
201 ALPY=ALPVFD JETO1880
ALPT=ALPTFD JETO1890
RIH=ATIIZ4D] JET01900
TLAN=TLANFD JETO1910
202 CALL VTSOLV(TN+RIHIALPY»TLAMIVI)THIRV,RT) JET01920
RJSRIH/RY JETO01930
RIHT=TLANSRIH JET01940
THB=THETN JET01930
IF (ABS(TN-1.).LY.1.E~-5) DELTMN=1.0 JETOL1940
IF (APS(TN-1.).6T.1.E-5) DELTMN={TNB-1.)/(TN=1 . JETO1970
DELFHN=VJSVI/TH JETO1980
CALL GHALF (THB+O.+ALFUTLAMRQ) JETO1990
R.IHQ«ROSR S JET02080
16~TH JETO2010
Va=vy JET02020
THSTAG=THB VISV IS (NTK-TN) JETO2030
DYSTAG~(TMSTAG-1.)/(NTR-1.) IETO2040
WRITE (&4711) 25RUM/RISALPYSVIIRCIALFT RIHT» THy THE,DELTHNYRJHO JETQ2050
1y DELPMN JET02040
IsT4D2 JET02070
200 CONTINUE JET02080
C JETQ2070
C JET DEFLECTION REGION JETO2100
C  JET INFINGEMENT PRESSURES JETO2110
[ JETO2120
998 AGCONs=-,.032026 JET02136
BGCON-.3354248 JET02140
COCON=2.8 JETO21%0
IF (HD.GTV.3.) AOQ=3.46 JET02160
AOSLH=(J. 6-2.9)/(¢(3.-1.2) JET02170
IF (HD.LE.J.) AD=2,94A0SLHS(KD-1.2) JET02180
WRITE (4.,7%) JETO2:%0
79 FORMAY (///30X: 88888 JET DEFLECTION REGION seeex /) JET02200
B0 FORMAT (10X« ' ROH/RN= 4 F10.3¢2Xs 'RG/RN=’ +F10.5+2Xe'PO/RNE 1 FL1O.9¢2XJETOD210
L ’VB/UN-" +F10.%5/) JETO2220
[ JET02230

Figure 69 - Continued
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SET CHARACTERISTIC SCALE LENGTHS FOR IMFINGEMENT REGION

RGH=RIH

RO=RJ

RO* ADSRGH

ETAWG=RGH/RO

IF (2.8HD.LE.ZPC) GO TO 434

DETERNINE STAGNATION POINT FRESSURE
434 URITE (4,80) RGH,RG,RDWVG
STAONATION PRESSURE NONDIMENSIONALIZED BY JET TOTAL FRESSURE

RGU=RE !
DELPS=(VGE$2) /TG

PSBAR=1, $DELPSEINPR-1.)
ACHS«SART (2, 8(PSRAR-1.)/GAN)
TGE=TGRTN

TGES=TGR+ (NTR-TN)SUGSVD
WRITE (4,01) DELPS,»TGRS

JETO2240
JET02230
JET02260
JET02270
JETO2280
JET0229¢0
JET02300
JET02310
JET02320
JET02330
JET02340
JET02350
JET02360
JETO02370
JETO02380
JET02390
JET02400
JETO2410
JETQ2420
JETO2430
JET02440

81 FORMAT (10X:’STAONATION PRESSURE, DPS/DPTJU=’»F10.5+2Xs2X» 'GROUND HIETO2430

tAX. TEMP,, TGS/TA® 4F10.3)
WRITE (&6+801) ACHS
801 FORMAT (/10X 'STAGHATION MACH NUMBER OF JET="-f10.5/)

CALL QFRESTI(RO+VGsTOALPO R CUD)

WRITE (4:82) ALPO
82 FORMAT (10X, ALPG=>",F10.3)

NG=2%

RNOM=NO-

DR=RD/ (RNGMSRGH)

DETAsL .7 {RNGH)

ETA=0.

R=0,

VRITE (4/83)

JET02440
JET02470
JET024080
JET024%0
JETO2350¢0
JETO02%10
JETO2S20
JETO23X0
JET02340
JETO2350
JET02540
JETO02570
2£7102380

83 FORMAT (JOX,’'SINGLE JEY GKOUND PRESSURES'//23IXr’R/ROKH’ 86X+ ' DPS/DFTEY02590

18 ¢8Xs 'R/RN/ 37Xy 'DFS/DFTS /)

DO 300 I=1:NG

LPTGe(1,-ETASSALFG)I S84,

DPTJ=DFYOSDELPS

RRN=RIROH

MRITE (6+84) RyDPTG»RRN,DIPTY
B4 FORNAT (20Xe4(F10.3,5%))

R=R{DR

ETA=ETA+DETA
300 CONTINUE

INITIALIZE WALL JE  LEGION

AWI>, 09808, 4ALOGL2.7C1. 41, /TNRR. $) )05, - 143ACKS)
TLANFD=1.4.{8358T48¢.5
ALPWFD=].S
KDELFD=70942
ALPUG=1.S
NFDs7,
CALL SIMW(KDRELFD¢NFDALPUFD RATY . CSYDU,CPW)
CALL SIMUBLALPUG +RATUG,CSPUS)
CU=2., PANISCSVN/ (RATUSCSPUGY
AS1e.015638
AS2=,12803%
DELS=2,8ASI8(HD) 38AS2
WRITE (&8,24)
24 FORMAT (///30X; s8898 MALL JET REGION 888/ /)
WRITE (4:,86) DELS

84 FORMAT (SX, "STAGNATION POINT BGUNDARY LAYER THICKNESS: DELS/RN=‘,

1F10.%)

NOe=14

KRELO=DELS/ (2.8DELG)
FETAG=(1.-ETAUGESSALFC) 234
PHBI=1,+(NPR~1,)8DELFSSFETAG
DELPSB~ (NPR-1.)SDELFS
ACHI=SORT(Q2.8(PSHAR/FARI-1.)/GAN)
THRI=TGBS

VAL= (ACHT/ZRACHYSSORT (THRI/TIY
DELTSP» . 3FS-1.0

WRITE (0.0%) FMRI,DELPSE,DELTSH

Figure 69 - Continued

JET. “00
JETQ2e: 7
JETO2620
JEY02430
JETO2840
JET02450
JET02640
JET02470
JETO02480
JET02490
JETO02700
JEYO2?3¢
JET02720
JET02730
JETO2740
JET02730
JET027580
JET02770
JET02780
JET02790
JETO02900
JETO2810
JET020820
JETO2830
JETO02840
JETO02330
JITO02840
JET02070
JETO2880
JET02890
JET02900
JETO2910
JET02920
JET02930
JETO02940
JETO29S0
JET02940
JET02970
JETO2980
JET02990
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, 89 FORMAT (tXy 'FMI/PAS2’'3F10,S5+s2Xs " (PTTOT/PA=1,)a’,F10.5+2X+ (TOT/TA-JETO3000

92

1103 ,F10.9)

WRITE (6,92 T~ UN]
FOFMAT (2Xe Trl 1A= oF10.5:2X, "YNLI‘UN=’F10.5)
THI=THNBI/TN ]

CALL GMATT(TN/RGH)DELPS)PNEI»THT VML »ALFG/KDELO/NO+ETAWGDELS,
1ALPWO s Ry BWO ) BUHO» TLANT)

RATWO=R
DELSH=BUOSKDELO
UNG1=UMI/VE
WRITE (6,91) UNOL

LETO3010
JET103020
JETO3030
JET03040
JET03OS0
J€703040
JETO3070
JET03080
JET0J090
JETO03100

91 FORWAT (35X, 'VELOCITY AT START OF TURBULENT WALL JET,» VM/VG=’F10.3JETO3110
1)

e

WRITE (6,87) TLAMFD
FORMAT (SX» ‘TLARFD=',F10,.3)
URITE (4+,85) ALPWO.BWHO,2UO

JETO3120
JETO3130
JETO0J140
JETO31%0

83 FORMAT (10X, 'START OF WALL JET REGIOMN» ALFWO=‘ F10.%+2Xs " BUON/RN="JET03160

1eF19.5:2%> "BUU/RN=1F10.5)

NAXIMUN VELOCITY DISTRIBUTION IN DEFLECTION REGION

107 FORMAT(//40X,  ISOLATED WALL JET PROPERTIES'//}

7 FORNAT (//3Xs *R/RN’ 13X "VH/VG’ + SX» "VH/UN’ 15Xy

403

NUpPT-23

XNUFT=NUWPT-1

REND=23SD

BRaREND/XNUFT

DUIHO=AWTERO
DELDRH=(BYIHO~BWHO) / (RO-RGH)
DELNR= (NFD-NC)/(RO-RON)

DELAR= (ALPWFD-ALPUD)/ (RO-RGK)

ADELDT=,017%

ADELBL=C(ADELBTS(RO-2.)-DELS)/(RO-KRGH)

TLANSLs(TLANFD-TLANI) /(RO-RGH)

WRITE (4¢107)

WRITE (4,97

BWH/RN’ 2+ IX

1/BU/RN’ 23Xy "DELBL/PN’ o+ IXs "DELFPJ’ ¢ IX0e "KDEL' v IX’TH/TN’

DO 400 Isi,NurY

201X ' TH/ZYA s 1Xo ‘BUHT/EN’ 01X 'DTH/DTIN’ /)

IF (R.GE.RGH) TLAM=TLAMI+TLAMSLS(R-KGN)

IF (R.LT.RGH} TLAM=TLANI

IF (R.LE,RDO) FETA-(1.-{(R/RO)SSALFG) S84

17 (R.OGT.RO) FETA=0.0

IF (R.OT.RO) TLAM=TLANFD
PHBs] . +(NPR-1.)SDELFSIFETA
IF (R.BT.RGH) GO 1O 402

ACHsSORT (2,9 (PSDAR/FHE-1.),/GAN}

THB=TOBS

VMN= (ACH/MACH) 8SART(THB/TN)
TH~THE/TN

DELPJ=DELPS
DELTA=KDELOSNWO

Nz14

KDEL=KDELO

U=MO

PUH=RATUOSBUO

URGeUNN/VE

BUHT=TLANI S SUH
DELTAN=(THB-1.)/(TN-1,)
THSTAG THRHUNNSUNNS (NTR=TN)
PTSTAG=(THSTAG-1.) 7/ (NTR-1.)
60 TO 401

IF (R.GT.RO) 00 TO 433

FWH = BUHO+NELDPHE (R-RGH)
ALFU=ALFUDSDELARS (R-KONS
DFLBL -DELS+ADELRLECR-ROK)
N=NO+DELNRS (K~ROM)

GO TO 40%

BUN=AUIIR
VELBL~ADELBTH(F~2.)

HsNFD

ALPU=ALPUFD

Figure 69 - Continued

JET03I170
JET03100
JETO3190
JET03200
JETO3210
JETO3220
JETO3230
JET03240
JETO32%0
SET03240
JET03270
JETO3280
JET03290
JFT03300
JETO3310
JET03320
JET03330
JETO3340
JETO03330
JETO03340
JETO033?0
JET03380
JEY03I%0
JETO03400
JETO34

JETO34.0
JETO03430Q
JETC 3440
JETO34350
JETO1440
JETO3429
JETO3480
JETOl49%90
JET03300
JETO03310
JETO1Z20
JET03330
JET03340
JEVO3IS5Se
JETO3340
JET03S?70
JETO3SBO
JET0IS0
JETO03400
JET03410
JEY03420
JETO3630
JETO034640
JETO036%50
JETG3660
JET0J470
JETO3680
JET034690
JETO3700
JET0371¢6
JETC3720
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405 ALAN=1(2,-SORT(2,))/2.)88(1,/ALPYW) JETGI?2Q
KDEL=DELBL/(DELBLE (HWUH-DELBL) /ALAN) JETQ3740

IF (R.LE.4,) FVUIS=1,0 JET03759

IF (R.GT.4,) FVUIS=1,/(R/4,)%*,24 JETN3760
FMON=]1,-FETA JETQ3770
VELFH~DELPSSFETA JET0)780
TAEFF ™. JET03I79Q
INEFF=TN JET03800
CALL VUTMALL (R BUHEVIS,FNOMIDELFM TN  TLANIPMBIKDEL +MeALFW, JETOZA10
TUMM, TM TNEFF s TAEEF) JET03820
VNG=VUNN/VG JET03833
DELP Jr (FME-1.)/(NFR=-1.)+FHREUNNRVHN/ TN JETO3B40
RCON=(?,-SORT(2.)) 72, JET03850
RAT-RDEL+C(L1 . -FRELYSRCONSS (1. /ALFW) JETG3860
BY«BWH/RNY JET03870
DELTA-NDELSBY JETOIBRO
THB=THSTN JET(G38%0
EWHTsTLAMGKUH JET0300
UDELYMN=(THE-§ .}/ C(TN-1.) JET03?10
THSTAGs THESUMNSUNNS (NTR~TN) JEY03920
DTISTAG=( THSTAG-1.)/(NTK-1,) JETO39?30

401 WRITE (4+99%) RyVMGIUMN EWH) BU+DELTA-DELPJXDEL» TH, THB JET0IP40
1y EWHT, DELTNN JET03950
£-RIDR JETA3940

95 FORMAT (1X»S(FB.4s2Y)»8(F7.4+1X)) JET03970
400 CONTINUE JET03980
JET039%90

UPMASH GROUND MAXIMUM FPRESSURE DISTRIBUTION JETG4000
JETC4010

UMRITE (4+24) JET04020

24 FORMAT (7777304, "S8888 TUO-JET INTERACTIOM PROBLEM 3888/ JET040139
RV JET04040
JET0405)

WALL JET REC,.: ._.TAION EFFECTS JET0A040

" JET04076

IRAY-T JET04080
AREC=1, JETO4C %0
ONEG=(TGRS-1.,v8((RG/SDISBAREL) JET0410C

IF (RG.GT.SD) OMEG-TGRS-1, JETO04i10
DRAY:IRAY-1 JET04}20
DFHI=P1/DRAY JETOA13D
PHI=0. JEY0Ai40
MRITE (4+710) JET04150

710 FOKMAT (//30X, 388 RECIKCULATION EFFECT ON MALL JETS 888°///) JET24160
PO 790 1uW=4,IRAY JET0ALTO
PHID=PHI®180,/PL JET04180
MRITE (4:711) FHID JETO4190

71t FORMAT (50X, 'PH]=',FB.4,° DEGS.'/)) JET04200
CPHI2-LO0S(,I8PHI) J Y04210
TAEFF =1, +OREGSCPHIICPHID Jt104220
INEFF=THH(TAEFF-1 . )0 (TGNS--TH /7 (IGBS-3.) JET04230
WRITE (4+1740) TNEFF,)TAESF JET04240

74D FORMAT (/40X» "TNEFF='sF 1.8, 2X: "TAEFF='4F10,%5/) JET04250
1F (FHI.GE..SsPl) GO Tu 701 JET04240
XW=SOETANCFHI) JET04270
RUsSORT(XWstJ+SNe02) JET04280

IF (RW.GT,2.880) RuW:=2.3CD JET04290

G0 T0 702 JET04300

701 KuW:2.8SD JET04310
702 NUFT=QT JET04220
XNWFT=NWPT-1 JETCA330
DR=RU/XNWPT JET0A34Y
kRr0. JET043350
WRITE (ée¢?21)) JETO0AJAC

713 FORMAT (/737X "R’ 92%X0 "UN/UN’ 32X " TH/ZTN o 7Xs " TR/TA s 72X ‘DPM/UPN’ - EXs JETO43?2D
1°DTM/DIN" /) JETO4,80

DO 703 IRT1.NUPT JET043%0
CALL WALLJT (R VMNIBUH/DELPW, TH THRBIPMBLELTHN,DTSTAG) JET04400
WRITE (46+704) ReUMN,TH, THESDELPUW.[TSTAG JET04410

704 FORMAT (30X+4(F10.%5,2X)) JET04420
K R4DR JET04430

703 CONTINUE JEIT04449
FHIXFHIADFHI JETOAA4%0

7%0 CONTINUE JEVY0A4440
MFEIYE (4.,46C) JET044720

Figure 69 - Continued
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480 FORMAT (//35X, M XTHUM GROUND FRESSURE AND TEMPERATURE ALDAG UPWASH_ET04489

1GROJIND STAGNATION LINE //)
WRITE (6,470

JETOQ4490
JET04500

470 FORRAT (14X, X¥/RN’ 2 &XJ XU/S 14X s DPRAX/DFJ s 3X,  FHAX/FHAXD ) 3IX s *DIETOAS1O

433

450

687
448
323

ITHMAX/ DT D+ 3% " THAX/THAKOD " /)

FHIx0,

FHIN=80.3P1/180.

ODFHTI=FHIN/ 24,

0O 450 IL=3.25

XM=SDITANIFNT)

RN=SORT(XUES2¢508¢2)

XNS=XU4/(2.858)

CPHRI2-COBC . SEPNHI)

TAEFF=1 . +OMEGSCFNI2SCPHID
TNEFF=TNE(TAEFF-1. )8 TGES-TN)/ (TGDS-1.)

CALL WALLJT (RusUNN:-BUH CELP W TH  THDPRB:LILTANDTIYAD)
PHAXG = (FNB-1.)/(NPR-1.)4¢PHBBVNNUCVHNSCOS(PHI)SCOS(PHI)/TH
TSO=THR+ (NTR~TN)SURNSUMNSCOS(PHI)SCOS(PHT)
THAXG=(TS5~-1.}/(NTF~1.)

IF (IL.ED.1) DELPWO>PMAXS

IF (IL.EQ.1) DELTUQ-THAXG

PMAXND=FHAXG/ D LFU0

TRAXND: TRAXG/DELTHO

WRITE (4+435) XN XUS FMAXGsPMAXND ¢+ THAXG) TMAXND
FORMAT (10X,B8(F10.5+2X))

FHI=PHI{DFNY

CONTINUE

ACON=1.-(RG/SD}) 812

PHIOD=0, &

IF (ACON.GE.O0.) FHIC=0.0

IF (ACON.GE.O.) GO YO 447
SHIO=ARCOS((SD/RC)®2.20)

FHICOD=-PHIOS180./P1
ACCRN=2,./(STF(.SSFI-PHIG)832)

XMONZ=ACONS (L. Q4SINCFHIO)IS(SIN(FHIO)-2.0))/3,
GO T0 448

XNOMZ=ACON$2.8(1.-ACON) /3,

URITE (4+55D)

FORMAT (/735X "UFWAS'. HCHENTUM FUNCTION: JET RADIUS: INTERACTION

JET04320
JETO4330
JETCAS40
JET04350
JETIN560
JETO0ASY0
JETO045080
JETO04S90
JET04600
JET0al10
JETOA42D
JET04630
JETQ4640
JETOA650
JET04460
JET04470
JETO4480
JET04690
JET04700
JETOA?10
JET04720
JET04730
JET04740
JET04730
JET047460
JET04270
JET04780
JET04799
JET04900
JET 04810
JETO04870
JETO4H30
JET04840
JETCAERSO
JET04860

LCONSTANT, VERTICAL UPVASH SHEET MOMENTUM, AND COALESCENCE ANGLE'/)JET04870

BRITE (6,3531) RGsACAN»XMONZ,FRIOD

JETO04B20

351 FORMAT (i1SX: RG/RN=‘Fi0.Se2Xs "ACON=",F10.5:2X)» " XHONZ="1F10.%5+2Xs  JET04890

357
6481

T

e

IPHIO(DEGS)2" ,F10.5/)

CPHI2=Y,

TAEFF=1,+0MEGSCPHI2ECPH]D
TAEFFsTNH(TAEFF-1. )0 (TORS-TN)/(TEBS-1.)

CALL VALLJT(SD UMN-BUN:DEL W TH, TKB,PHR, DELTHN,DTSTAG)
CALL PGUMOY(CU/DELPSIDELPL/RO,SD/ALFGIALFUG)

CALL SIMN(KDL.FI:NFD.ALPUFDRATW,CSVUIN,CFU)

CALL SIAUG(ALFUG/,RATUG,CSPUG)

CU=2. $AUICCSV2W/ (RATUSCSFUG)

MRITE (46.557) CJ

FORMAT (29X, UF<ASH WIDTH CONSTANY ESTINATE » CU=’»Fi0.5)
(READ ¢S,641 IPHAR

FORMAT (I1)

TST FOR INTERACTION OF DELfFECT[DN REGIONS
If 'CUSSD+AC.LE.SO)Y GO TO 222
'
#FUTATION OF DEFLECY!;N REGION INTERACTION
CALL INTERG(XMOMZ/DELPS+SD.ROHALFGIEFS/CU,SIB)

GO 10 223

222 EFS:0.0

ol

318+1.0
FNIUO=0.
FH10=0.0
WRITE (4,28) EPS . SIG.FHIUD,FHIO

FORMAT (7/20X- " JET ANDL UFWASH DEFLECTION REGIONS DC NOT INTERACT,

1 CuU ESTIMATE 1S ZORRECT'/

JET0AT700
JET04910
JET04920
JET04930
JETQA4%40
JET04930
JETO0A940
JET04970Q
JET04980
JET04970
JETC3000
JET0S010
JET0S020
JETO0S030
JETO0S040
JETCS0S¢
JETO3060
JLT05070
JETOS5030
JETOS090
JET05100
JETO0S110
JETO03120
JETCS130
JETOS140
JETOS130Q
JET05140
JET0317¢
JETOS180
JETOS519%0

L/735% s "IFS= oF10.5e2Xy "SIG- " +F10. 52X "FHIUD="oF 0. 52Xy "PHIO=" \F10JETQS200

1.5
URTTE (8s2%) ALPUG

Figure 69 - Comntinued
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29 FORMAT (30X, "FHINZO.0 ALONG UFWASH L INF. ALFIG=",FB.4,1Xs" IN UPWIETIS230

LASK TEFLECTION REGION' /) JET0S240

{F (IFBAR.NE.O0) CALL GFLOT (ALFG, LELFS/SU/ROLEFS,CU»SIGPHIUD,PRIGIETOSDSO

1) JET0S260

c JET05270
N JEY05280
223 UKRITE (8.111) JET03290
111 FORHAT (/730X suasn LOMFUTATION OF UFWASH FLOW FIELD $883JETO03300
18’ //) JET03310
MRITE (4,112) JET05320

112 FORMAT (//3%5X, CONFUTATION OF UFWASH STREAHLINE FROPERTIES’/) JETO0S330
(FHY=(” $F17180. JEYOS340
cHI=0. JET0S51350

$*¢ FORMAT (/730X 'FHID="+FE.4+ " DEGS ’/) JET05340
M 300 1=1.2 JET0S5320
PHID=FHI?180./PL JET05380

WRITE (&+114) FHID JET05390
ZEND=ZFLANE/COS(FHI) JET05400
Y=SUSTAN(FHI) JETOSALO
KU=GART/SPss2+YEED) JET03420

IF (RU.LE.RD) EWH=BUHO{DELRRHS(RU-ROH) JETO0S430

IF (RW.GT.RO) PWH-AW3ITRY JETOS440
CPHIZ2-COS(.58FKI) JETO0S4Z0

TAEFF -1 . ¢OMEGSCFHI2OCFHIZ JET05440
THNEFF=TN+(TAEFF-1.)8(TGES-TN Y/ (TGES-1.) JETO0S470

CALL WALLJTC(RU ) UMNBMHG» DELPWS s THy THE, FHB» DELTMN, DELTUS) JET0S480

Iuk=1 JETOS490

COHLL UPWASTIRD KU, FHY: ZEND RUHG DELFS, DELFUS,DELTUS s VUN, DELPUJ JET03500

1, THeTHEDELTHN, DSTAG » KUH» 2005, TWE) JETOSS 10
PHI=FHI4DFHI JETO03S20

400 CONTINUE JETO0S530
RUPT=2% JET03S54C
YNUPT=MUFT-1 JEYI555¢
ALFU=1.5 JETO03560

¢ JETOSS70
€ CIKCULAR CYLINDER DRAG FUNCTION JETO0S3580
c JETOSS570
DRAG=SIN(PHISEF)®(1.-(4, /3,3 8(SIN(FHISEP)SED)) JETO03420

ro 700 J=1.23 JETOS810
SUNF=0,0 JET0S420
SUNFC=0.0 JETOSES

Xp=0, JETOS440
DXD=XL2/XNUPT JETOS4S0

WRITE (6:118) JET03440

1164 FORMAT (///7/30X, "UPWASH PROFERYIES COMFUTED AT 7 LOCATION OF UNDEJETOS670
1RSIDE OF BORY'//) . JET05400
WRITE (6,118) ZFLANE JETES490

118 FOREAT (/35X ‘BODY CENTEKLINE LOCATION AT Z/RN=',F10.5//) JET03200
WRITE (4,782 JETG3710

78 FORNAT (/7/71Xe 2U/RN’sSXs RU/RN'o3X o "PHIE 25X 'X/RN’ »SX¢ "VNU/UN’ s  JETO0S5720
13Xy ‘DBPU/PN’ ¢ 84Xy "BUH/RN 42Xy "DPU/PUC” ¢ 1X» "DPU/PIS o IXo "TH/TA o+ IX«*CIETORTID

2TSH/DIN » 81X, ‘PBS/FPR’ D JETL3740
IWR=0 JET05230
DO 500 I:$sNUPT JET057460
FACT=2.0 JETSR770
IF t1.EQ.!) FACT=i.0 JET03780
IF (1. EQ.NUFT) FACT=1. JETOS794
Ib=ZPODY(XD) JETOS800
FHIB=ATAN(XB/ (SD+ZPLANE-ZR)) JET05810
XM=SDRTAN(PHIB) JETOS82¢
RU=SQRTISDES24XUs D) JETOSHYS
CPHI2=COS(.SSPHIBP) JETOSZ40
TAEFF~1.+0OMEOSCPHI2SCPHI2 JETO3850
THEFFoTN4UTAEFF-1.)8(TGRS-TH) /(TGKS-1,) JETL3840
CALL MALLIT(RW VAN BUHGDELPUS» TR, THBPHBDELTHN, DEL TUS) JETOSE70
TU=IPLANE-T¥ JETOS880
ZEND=ZU/COS(PHIM) JETOS890
CALL UPVAST (ROSRU:OHIR/ZEND+PUHGDELPS+DELPNS DELTUS VUK. JETO5900
IDELPUIS, TH, THB, DELTMN)DTSTAG: BUN-20US, IWR) E703910
THETB-ATAN(DZDXE(XB)) JETH3920
ETAUR=W2(XB)/ (3. 488U JETGS9I0
IF (ETAWB.GT.3.) ETAWR=], JETO5940
FR-FETAVB(ETAUN, ALFW JET0S930
PCYL=U2(XR)ISDRAG JET0S940
DFLAT=3,.68BUNSFD JETOS970
SUMF=SUMNF 4 .58DXRSFACTSDFLATS(VUNSIS2)S(COS(PHIBATHEYR)ISS2) . TA JETO03980

Figure 69 - Coniinuex
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SUMFCsSUNFCH. SSDXDSFACTSOCYLS(VUNIR2 ) (COS(PHIB+THETD)ISRD) /TN JET0S990
I0U=70USSCOS(PHIR) JET04000
FNIDaFHIBS1B80./P1 JETO04010
1F (ARS(PHID).LT.1.E-4) DELPN=DELPU. JET06020
IF (DELPM.NE.O.) DELPB-DELPUJI/DELPH JET04010
IF (DELPM.EG.O0.) DELFE=DELFUY JET04040
DELFUS=RELPUJ/DELPS JET04050
PRS=( (VUNICOS/PHIDITHETB) )£82) /TN JET04060
WRITE (8+77) TURUIPHID XD, VUN/DELPUJ,BUR/DELPBSLELPUSTHR,DTSTAGJET046070
1PPSs JETUAOBO
77 FORMAY (I1X,11(FB.4:1.2,F0.9) JET060%0
Xh=X04DXR JET06100
500 CONTINUE JETO0A110
JETO04120
FLAT POTTOM LIFTY FORCE JET04530
JET04140
XLUT*(1./F1)8SUNF JETO0A150
URITE (4778) JETO4140
778 FORMAT (/730X FLAT PSTTONM VSHICLE MITH SHARP? CORNERS‘/) JET04170
WRITE (4.771) XLUT JEY06180
771 FORMAT (39X, "UPWASH LIFT FORCE’»SXe°LU/2TJ2°,F10.3/7/7) JETO0461%0
JET04200
UPMASH LIFY FORCE FOR CIRCULAR CROSS SECTION JET06210
JET06220
ALUT=(1./P])SSUNFC JET04230
NRITE ¢6+773) JET04240
773 FORMAT (//30X,'30DY WITH CIRCULAR CROSS SECTION'/) JET04230
WRITE (4:771) XLUY JET06240
IPLANE=TPLANE+D. 302PL JET08270
IF (ZPLANE.GT.2.8ZFINAL) S5TOP JETN6280
700 COXTIMUE JET06270
[£1) JET06300
JETO4310
JET06320
JET06330
" JET041340
SUBROUTINE VTSOLY (TN.BUM,ALPUTLAM VN TRIRV,RT) JET06350
RCON=(2.-SOKY(2,))/2. JET04340
URITE (&8:200) TN BUN.ALPYALPT JET04370
200 FORMAT (11X, " TH= " sF10.%+2Xs ‘BUN="»F10.3+2Xs “ALFV="+Fi0.5,2X, *ALPT=’JET04380
1:F10.3) JET04390
PYMNATH- . JET046400
REL=.S JET946410
DPELNIN=1.E-3 JET04420
RU={RCGNI 28 1. “ALFV) JET04438
&TcRY JET04440
ALPYarLPV JET046430
yM=1. JET044460
TH=1. JETO6470
29 100 I=1,35¢ JET06400
CALL SINTUCTN,TH,ALPYTLAN,CMCTCNTH,CTTN) JET04490
UWRITE {4,203) CH+CY,CNTHNCTTN JET04300
203 FORBAT 1iXs " CN7":F10.5:2%,°CY%°1F10,5,2Xs"CHTH2’'3F10.592Xs JET04310
1'CTTHe"»F10.,95) JET06352G
F=RUSRUSTN-2, SUNSUESRUNSBUNHICH JET04530
SDYNITHERVSRV-2.8UMB(TNETN-1 ., YSRUNSRVHICY JETO04S40
FINsTR-2  3UNMSTHSRUNEBURSINTH JET0635¢
PUM= -4, SUNBBUMSRNSTH JETO&540
GTNDTNERVSRV-2. SUNS(THETH-1 . I SBUHSBUNSCTITN-2 , SURSRUHSRUXETTETN JETO04570
GUN -2, 8/ THETN-S.) "BUNTRVHICT JET04500
DET=FUNERGTN-GUNSFIR JET04390
RE UNs (GSFIN-FEGTN) /DET JET064600
DELTA=(FSGUN-GSFYN)I / BET JETObM10
URzYRIRELSDELVN JET06420
TRsTRARELSDELTR JET06430
MRITE (6-505) UM:DELJN:THR.LELTMFIG JET04640
503 FORMAT {3X: UM=':F10.5,1%, DELVU=",F10.5:s1Xs " TH= ' ,F10.5:.2%s 'DTN=’,FIET0445¢
110.5+1Xs "F=°sF10.3+1%2"G=':F10.3) JET044640
IF (ABSIF) . LY.DELMIN.AND.ABS(G).LT.DELRIN) 00 TO 101 JET04470
100 CONTINUE JT06680
STOF JETR849¢
101 RETUSN JET04700
Enp JETV8710
JET04720
JET06739
JET06740
JET067S5Q

Figure 69 - Continued



402

403

405

GRIGINAL PAGE 1S
OF POOR GUALITY

SUBROUTINE WALLJIT (RoUMN PUNIDELP Lo THs THRPHD DELTEN:NTSTAG)
REAL KDELQ/NO/NDELFD ,NFD N/ KDEL/NPR,NTR/NACH
CORMON/UWALL/ DELSNOIKDELO'ALPG+ALPRO+ALPUFDRORGH VG« RUHO
COMMON/UALLT/TLANI DELPS,DELTSP FSBAR
COMMON /MO2ZLE/ NPRsNIR:TMsGAM MACHs ACAS TAEFF» TNEFF
RCON=(2.,-SORYT(Z.}3)/2.

NFD=7.0

RDELFD=1./9.

BU3IHO=AWISRD

AT =, 098 (L. +ALOG(2. /(1. 42, /THEE,.5)))8(1.,.-.188ACHS)
B 3 D=AUIERO

JELBRH= (BUIHO-BWHO) /7 (RO-RGH)
RELAK={NFD-NG)/ (RO-RGK)
DELAR>(ALFWFD-ALPWI) 7/ (RO-RGH®
ADELBT=.0175
ADELBL=(ADNELBTS(RQ-2.)-DELS)/ (RD-ROW)
TLAMFD=]1 . $.1858TNSS,. 5
TLAASL=(TLAMFD-TLAMI ) /(RO-RGH)

iF (R.GE.RGH) TLAN=TLAMIITLANSLE(R-RGH)
IF (R.LT.FGH) TLAN=TLAN]

IF (R.LE.RO) FETA=(1.~(R/ROISVALPG)SS4A
IF (R.GT.RO) FETA>0.0

IF (R.GY.RO) TLAMNSTLAMFD
EMR=1.${NFR~1.ISDELPSSFETA

If (R.GT.RGH) GO TO 4C2

THB=2.+DPELTSY

TH=THB/NTR
ACHI=SORT(2.8(PSBAR/FNHB~1.:/GAN)

VHN= (ACHI/MACH) SSQRT (THR/NTR)
DELPJ2DELPS

DEL TA=KDELORDUD

N=14

KDEL=KDELOD

RU=BUO

BUH=RATUOSRUO

YUNG=VMN/VE

BUHT=TLANISBLH

DELTYMN=(TMBR-1.)/(NFR-1.)

THSTAG=THD

CYSTAG=(TMSTAG-L )/(NTR-L )

60 T0 402

IF (R,B8T.80) GO TO 403
PUHsSUHO+DELPRNS{R-RGN)
ALPW=ALPVO+DELARS(R-RGH)
DELDL=DELS+ADELBLR(R-RGKH)
N=NO+DELNRE®(R-RGK )

GO TO 403

PUH=AUISR

DELBL=ADELBRTS(R-2,)

H=NFD

ALFW=ALPUFD
ALAM=C(2,-SORT(2,))/72.)88(1./ALPW)
KDEL=DELDPL/(DELBL+(DUH-DELBL) /ALAN)

1IF (R,LE.4.) FUIS=1,0

IF {R.GT.4.) FVIS=L./(R/4.,128.24
FHOM=1.,-FETA

BELPR=DELPSIFETA

CALL VTUALL (RsBBH;FUISFMOM,DELPR TN TLAN,FHBKDEL N+ ALPW,
IVAN TM ) TNEFF 2 TAEFF)

VMG =VMMN/VE

RCON=/2,-SORT(2.))2,
RAT2KDELS(1.-KDEL)SRCONSR(1./ALPW)

BN =PUH/RAT

DELTA=KDEL ONY

DELP I (PHB-2.)/(NPR-i.Y$PABSUHNIUNN/TH
THB=THSNTR

BUHT=TLANSDUN

DELTNN=(THE-1.)/(NTR-1,)

THSTAG:=TNE

BYSTAG=(TNSTAG-1.)/(NTR-],)

C 401 WRITE (4+93) R/VMGIUNNs BUH-BU,DELTADELPJKDEL,TH, THD

c

401

3

1+ BUNTDELTHN,DTSTAG

CONTINUE

R:R4DR

FORMAT (11X 5(FB,4:2X)+61F7.4,1X))
KETURN

END

Figure 69 - Continued

JETQ4740
JET04770
JETO0A780
JETO04790
JET04800
JET04819
JET04820
JET04830
JETG6840
JET0463Q
JETO04B840
JETO040870
JET04880
JET06890
JET04200
JETQ4?10
JETO04920
JET0593¢
JETQ4P40
JET049350
JET04940
JET04970
JETO04980
JET04990
JETO7000
JETO7010
JET07020
JETQ07030
JET07040
JETO7030
JETC7060
JET07079
JETO070080
JETQ709n
JETO7100
JETQO7110
JET07120
JET07130
JETO07140
JET07130
JET071460
JETO7170
JETO07180
JEYO7190
JETO07200
JETO7210
JETO7220
+ET07230
JETO07240
JET07250
JETO07249
JEYO2270
JET07280
JETO7290
JET07320
JEY07310
JET07320
JETO07330
JET07340Q
JETO7350
JET07350
JET07370
JETO718¢
JET07390
JET07400
JETQ7410
JETO7420
JET07430
JET07440
JET074350
JETD7460
JETO07470
JETO07480
JETO74%0
JETO07500
JETO?S10
JEY07520
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JETO7330

JET07540

JET07S550

JETO7340

SUBROUTINE VTUALL (R.BUH(FUTIS«FNCMDPMs TH» TLAM PHBKDEL » Mo ALFV UM, JETO7370

1TH. TNEFF « TAEFF) JET07380

REAL KDEL.N JETO073%0

M=}, JETO076400

TN=1., JETO7410
DELMIN=L.E-3 JET07620
REL=.S JET07430

PO 100 I=1.500 JETO7440
TER=THS TN JET374350

CALL STHUTY (TNoTMsTLAMFNDKDEL I N)ALPV.CV2)CP2CT)CUITHICTTH, JET07840

1RV) JETO7470
FrRUSFNOMSFVIG- RIPUNS(Q.SPHRIUMSUMNSCV2/THIOPHICP) JETO07480
BaRUSFMONB(TNEFF~TAEFF)ISTH-2.SPHBS NS C(THD~-TAEFF ) SREBUHSCY JET07490
FUR=-4, SREPUHS (P HRIVHICV2/TA) JETO7700
FTIN=2, SREBUHSPHBIVNSUNS(CV2/(THESTH)-CVY2TN/TH) JETO7710
QUR=-2 , SFMDS(TED-TAEFF)SRODUMHSCT JETO?2720
GTN=RVOFMOHS(TNEFF-TAEFF)-2. SPNBSUMSREBUHS(CTSTNE(THD~TAEFF)SCTTNI JETO?730
DET=FUMIGTN-GUNIF TN JETO7740
DELYN=(GSFTR-FSGTM) /DET JET077350
DELTN=(FE3UN-GEFUN) /DET JET07760
VNrUN+RELSDELVN JETO?770
Tn=TH+RELSDELTH JET07789

c SRITE (6+705) FeGsUNTH JETO7790
705 FORMAT (21Xs ' F="»F10.5o2Xs 'G="+F10.5,1X¢ VM= "sF10.5,1Xs "TH=",F10.5)JETO07800
IF (ABRS(F) ' - TELHIN.AND.ARS(G).LT,DELHIN) 60 TO 103 JETO7810

100 CONTINUE JETO07820
stoP " JETO7830

101 CONTINUE JETQ7840
RETURN JETO7630

END JET07840
JETOQ7487¢0

JETO7880

JETO078%0

JET07900

SUBROUTINE UPUAST (RO RWUALLPHIJZEND.BUGH,DELPS DELPUS)DELTUS, JETO7910

TYRUNIDELPUL» TR THD,DELTAN,DBTSTAG, BUN» Z0U, TWR) JETO07920

REAL NPR:NTR,MHONU JETO07930

CONNMON 7JET/ SD.REMW JETO07940
COMMON/NOZZLE /NPRyNTR s TN»GAM:s BACH» ACHS » TAEFF » TNEFF JETO07950

REAL MACH JET07960

[ JETO7970

C THIS ROUTINE COMPUTES THE UPUASH STREAMLINE PROPERTIES JET07980
[ JET079%90

AQUs3., JEY08000
Pl=3.1431392635 JETOB010

ALFUP=1.5 JETD8020
ALPUM=]1,S JET08030

ACON=1.-(RGH/SD) %82 JETOB04Q

IF (ACON.8E.0.) 60 TO 907 JETOBOSO

PHIO=ARCOS((SD/RAK)IEE.20) JET08040
ACON=2,/(SIN(.SsPI-PHIO)IR22) JETO0B8070

FHIOD»PHIOS189./P1 JETO8080

IF (PHI,GE.PHIO) NOMUSACONESINC(PHI-FHID)®82 JET08090

If (PHI.LT.PHIN) MOMUvD. JET08100

60 10 %09 JETOB110

907 HMONUSACONI2.%(1.-ACONISSTN(PHTIISSE2 JETOR120
909 CONTINUE JETO9130
773 FORMAT (1X¢ ACON®’ F10.5:2X¢ ' NOMU='»F10.,%) JETOB140
AUJ=.30 JETCB150

ALUL=.S JET0B149
ALU2=.0 JET0O8170

Z0U=AOUSOUGH JETO08180

[+ WRITE (40108) SDsRGH»ZOU JETO0B190

108 FORMAY (1X,’ JET'+3F10.3) JETO0B200
IV=20USCOS(PHI) JET08210
ALU».S JET0822
ALPU=L .S JET08230

CALL SINMUCALPU,KAT,CV2U) JET08240

[ WRITE (40111) CV2U JET0082350
111 FORMAT (I1X, SINMU’+F10.3) JETQ@240

[ JET08270

[ DETERMINE DEPATURE FROM INVISCID GEFLECTION JET0B280

Figure 69 - Continued
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C DETERHINE IAITIAL UPWASH WIDTH JETO6290
[ JETO08300
DELPUJ=DELFUS JETO0B8310
2ETAGsBUGH/ 20U JETO08320
FETAGP=(1.-2E[AGYRALPUF)EE4 JET08330

c MRITE (611372 ZETAG,FETAGP JEV0B340
117 FORMAT (1X» ZETAG=‘sF10.35+2Xy 'FETAGP=’»F10.35) JET00350
FETAGH=(1.-ZETAGISALPUN) 324 JET0B340
FROMUMOHUS(]1.-FETAGH) JETO0B370
PHPI=1.+{NFR~1.)SDELPUWISFETAGF JET08380
DELPWI=(NFR-1.)SDELFMI JETO0B3%0
PSB=1.+DELPUR JETOB400
DELTSE=(NTR-1,)SRELTWS JETOB410

c WRITE (4+107) DELPUB,DELTSY JET00420
107 FORMAT (1Xs 'DT®=s’',F10.5:2Xe ' DTIT=’»F10.35) JET08430
ACHI=SORT(2.8(PSB/PNUBI-1.)/GAN) JET08440
THRI=!.+DELTSSE JETOBASO
UNMNUL=(ACHI/RACH)SSOQRT(THBI/NTR? JETOR440
THI=THBI/NTR JET08470

IF (IMR.NE.Q) WRITE (46»53) UMNUI,THDI.DELPUJ»DELTUS BUWGH JET00480

ST FORMAT (1Xs*INV.VEL.=*»F10.593Xs ' THI/TA®"+F10.5:+2Xs "DELFUI=*»F10.3JETOB470
102X "DELTWI=' yF10.5+2Xy ‘BWGH/RN="sF10.5) JET08S00
KAY=RUALL+PUGH JET03310
CALL SIMUM (TN+THI.TLAMIFMRIJALPUYFETAGP DELPWJ,VMNUT,BUON/RAY, JETOB320
1RAT FHONU» TNEFF » TAEFF) JET06530
BUOHN=SATSDUON JETO0B8540

IF (ABS(MOMU) .LT.1.E-5) RUON=}1.E-S JETO2330

IF (ABS(MOMU).LT.1.E-%) BUOHN=t .E-S JET08%540

IF (JUR.NE.O) MRITE (4,10) ZOU,»RUON»BUDHN» TLAMI JET08570

10 FORMAY (¢SX» 20U/RN=‘,F10.5¢2X: " BUO/RN=’,F10.5 JET08S580
192Xy "RBUOHN/RN=,F10.5:2X» "TLANI="»F10.5/7) JETO08S?0
NUPT=23 JET08600
XNUPT=NUFT-1 JETO08410
DZ=(ZEND-BUGH) / XNUPT JET08620
Z=RUGH JET0B430

IF (IUR.NE.0) WRITE (46.12) JET08640

12 FORMAT (X "Z/7RN o 7%y ‘UHUUN »7Xs "TH/TH »7X» "TH/TA 17X *BUR/RN' 1 & JETO8450
1X0 ' BU/RN»EXe 'DPU/DP I 16Xy " DTN/DTN’ /) JET08440
TLAMFD=1.4.1850Thi3.5 JETO08470
TUAMSL=(TLARFD-TLAMI) / (20U~ BUGH) JET08480
THeTH] JETO8490
UNUN=UMNUT JET08700

DD 100 I=1,NUPTY JET08710
BUH=DUOHN+AUIS(Z-MUGH)I B (COS(PHIBRALUL) JET0872¢0
BU=BUH/RAT JET08730
IETA=Z/20U JETORY40

IF (2.BE.Z0U) ZETA=+1. JET08750

IF (2.07.20U) TLAN=TLANFD JET08740

IF (Z.LE.Z0U) TLAMSTLAMI4TLANSLE(Z-BUGH) JETOB770
FETAP=(3.-ZETASSALPUP) 34 JETOB780
FETAM=(1.-ZETASSALPUM)SS4 JET08790
RAY=RUWALLYZ JET0OBBOO
FACH=MONUR (L. -FETAN) JET0O8810
DPR=DELPUISFETAP JET0882¢
PHE=].+{NPR-1.)8DPN ) JETO08B30
CALL VTUPW (RAY»BUH FHOM»DPM TN TLAMPHEsALPU»VMUN TH . TNEFF ., TAEFF ) JET08849
905 DELPUI=(PHMB-1,)/(NPR-1.)4+PHBSUNUNSUNUN/TH JETO8830
THR=THENTR JET08840
DELTMN=(TMP-1,.)/{NTK-1.) JET02870
TMSTAO=TNE JETOEBBEO
oTSTAGB=(THSTAG-1,)/(NTR-1.) JET08890

IF (IWR.E0.Q0) DELPUJDELFUJ/DELPS JETOBY00

IF (IMR.NE.D) WRITE (4¢11) Z+VHUN»THoTHD+BUM»RU»DELPUJ,DELTHN JETOBY10

11 FORMAT (2X.,9(F10.5,2X)" JET0892¢
IaZ402 JET0R930

100 CONTIMUE JET08940
RETURN JET08950
END JET08900
JET08970

JETQA980

JET08990

JET09006

Figure 69 - Continued
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SURROUTINE UTUPW (RoBUHFHOM DFMe TN, TLAM ) FHBsALPVIUN s TN, TNEFF, JETO0?010
\TAEFF) JET09020
DELNIN=1.E-S . JET09030
REL=.% JET09042

DO 100 1=1,%500 JET09050
THB=THETN JET09040
CALL SIMUTY (TN»TMsTLANPMBIALPYsCY2sCFrCTCY2TH,CTTHIRY) JET09070
F=RUSFHON-RIBUHS (2, SPHUSUNTUNSCV/THDFHICP) JET09080
G=RVUSFNOM" ~ - 1. )8TH-2,8FHBSUMS(THR-1.)8R&BUHSCT JET09090
URITE (6:1::) FrGrTHIUN JETO?100

111 FORMAT (1X»'F= 2F10,542X: 6=’ +F10.5»2Xs"THa*yF10.5:2Xs "YW=’ 4F10.5) JET09110
FUN=-4.SRIBUHE (PHRSUNICU2/TH) JETO09120
FTMz2. SR SBUHSFMRSUNSUNS(CY2/ (THETH) -CY2TH/TH) JET09120
GUM=-2. SPRES(THD-1. ) SREBUHSCT JETO%140
GTMcRVEFMONE{Th~1,)-2. SFNBSVARREBUNB(CTSTN4 (THD~-1.)SCTTN) JETO?150
DET=FUNSGTM-GUNIFTN JETO0?140
PELUN=(I8F TH-FEGTH) /DET JETO?170
DELTH=CFSGYN-BLFUN) /DET JETO9180
UN=UN+RELSDELVN JETO9190
TA=TH4RELSDELTH JET09200
WRITE (4:705) FsGVHITH JETO%210
705 FORMAT (1X: 'F=’sF10.35,2Xs G’ sFL0.5o1Xs " UN="pF10.8+1X+"THs’»F10.5)JET09220
IF (ABS(F).LT.DELMIN.AND.ARS(G).LY.DELMIN} GO TO 101 JETO9230

100 CONTINUE JETO9249
STOP JET092S50

101 CONTINUE JET09240
RETURN | JETO0?270

END JET09280
JETO?290

JFT09300

JETO?310

JET0®320

SUBROUTINE INTERG (XLAWN,DELPS,SB.RO,ALPBIEPS,.CU:S1B) JETO9330
JETO®340

HAIN ROUTINE FOR COMPUTING GROUND PRESSURE DISTRIBDUTION JET09350
THIS ROUTINE FINBS THE SOLUTION FOk THE UPWASH THICKNESS AND JET0?360
JET IMPINGEMENT PERTURBATION PARAMETERY SIBMA AND EPS BY JETO?370
MATCMING PKESSURE INTEGRALS JET09380
JET0?390

COMMON /NEIGHY/ HD.IPPAR . JET09400

DIMENSION E®(200),C(200)FHIUL200) )PHIC(IC0)CSI(20C)+FUI(4)FIT(4)JETCO2L10
CSPI(ETA . A)= SEETASSY-(A, /A2, IISETAIS(A’ H+(3./(AL1.)ISETARS(D,JETO0%420
IBA42. )~ (A /(3. SA42 I SETASRCI . TA2. )4 ( WALSAL2 I ISETASS (4. 8A42,)JETOP430

FETA(ETA»A)=(1.-ETASIA) 834 JETO9440
EP(1)=,0 JET09450
WRITE (6,777) JETO%440
777 SORMAT (///1X, 888 CALL INTERG %8%8°'//) JETI94720
IFLAG=0 JETO9480
C(1)r=1, JET094%0
PI1=3.14159265 JET09500
S1G1=1.0 JET0PS10
CUT=CY JET09320
ALU®1.0 JETG9530
PARN».01 JETO9S40
DO 900 Je1,100 JET09550
EPI=EP () JET09340
SIOI=C(J) JET09S70
DO 1000 ITR=1,4 JET09S80
IF (ITR.€Q.2) EPLI=EP(J)4PARN JET09%70
1IF (I1TR.EQ.J) EPISEP() JET09400
IF (ITR,EQ.4) SIGI=C(J)+PARM JETO%410
JETI9620

SOLVE FOR INTERSECTION OF PRESSURE BOUNDARIES JET09430
JET09440

D0 100 Is1,9¢ JETO9450
IF (1.E0.1) PHIUC1)=1.42 JET09630
YUaSDETANCPHIUCT)) JETO94670
XUF9D/ (COS(PHIU(T) Y392y JETO%480
tU=CUTISIGISSD/ (COSIPHIUIT)I I ESALY) JETO9490
YUP*-CUISSTGISSDSALU/(COS(PHIUCI) DS (ALUML . D) JET09700
RUSG=XUSS24(SD-YUIS82 JET0%710
RU=SURT (KUSE) JETO9720
KOPsROYEPISC1, + ((5D-YU)/RUI) JET0®730
ROPSO*ROPED2 JETO®740
F=RUSO-ROPSO JET09730
FPe2. $XUSXUP-2.8CSD-YUISYUF -2, SEFTSROPS (SD-YU) S JETG9740
1(YUP/RU (2. 8XUSXUF-JL8ISD-YUISYUP) /RUSD) JETO®7720
PRIUVITH1I)SPHIUCT) -F/FP JETO®780
IF (ABS(FHIUCI#1)-PHIVUCT)),LT.1.E-S) OGN TO 101 JETO9790

Figure 69 - Continued
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10 FORMAT (13X EFTI='5510.592X)'CUI=*>F10.3,2Xy ‘PHIUO="+F10.3

ORIGINAL PAGE 13
OF POOR QUALITY

CONTINUE

SYOP

PHIUC=FPHIUCTI+L)

FHIUOD=PHIUOS180./P1
YUO=CUISSIGI®SD/(COS(PHIUD) 83ALY)
PHIO=ATAN2(SDETAN(PHIUO?,SD-YUD)
PHIOD=PHIOS180./P1

IF C(IFLAG.EO0.1) WRITE (46.10) EP1,CUI,PHIUOD,PHIOD

192Xs "FHIB='+»F10.5,2X, 'DEGREES ")

DETERMINE MOMEMTUM INTEGRAL FOR IMPINGEMENT REGION

1011

7735

300

NUPTS=99

IF (J.GT.20) NUPTS=198

XPTS=NUFTS-1.

DFHIU=zFHIVO/XFTS

PHIU(1)=0,

SUNUL=0.

00 200 1J=1,NUPTS

FACI=Z,

IF (I1J.€Q.1) FACT=t.0

IF (IJ.EQ.NUFTS) FACT=1.0
RU=SD/COS(PRIV(IIN

CALL WALLJ (RW,VMM,DUN2,DUNH3,DUN4,DELPY)
IF (IJ.EO.1.AND.IFLAG.EQ.1) UKRITE (4,111) DELPW
FORMAT (335X, ’FPHI=0.0, DELPUWO=‘,F10.5)
YU=CUISSIGIS$SD/COS(FHIU(I))
XU=SDETAN(FHIUCTIY))
PHICIJY=ATAN2(XU,SD-YU)
RU=(SI-YU)/COS(FHIC(Yj))
ROP=RO+EFIR(1.+COSIFHICIN )

ETAN=RU/ROP

IF (ETAN.GT.1,) FETAG=0.0

1F (ETAN.GT.1.) GO TO 1011
FETAG-FETA(ETAN;ALFG)

FMIN=DELFSSFETAD

IF (IJ.EQ.i.AND,IFLAG.EQ.1) WRITE (4,77%) FHIN
FORMAT (3SX» 'PHI=0.0+ FMIN='»F10.5)
FPHAX=DELFW-VHNSE2 ¢ (UNNSCOS(PHIUCTIJ) ) )982
CALL FMATCH (FRIN(PHAX,ALFUG)

IF (1J.EQ.1.AND.IFLAG.EG.1) WRITE (4.,1053) ALPUG
FORMAT (35X 'FHI=0.0s ALFUO~- '»F10.%)
CALL SInUO(ALPUGIRATU,CSFUG)
PHAX=DELFY-UNNESD+(UNNSCOS(FHIUCLII)) ) 882
FU=DELPSSFETAGICSPUGH(FMAX-DELFSSFETAG)
FUTASIGISFU/(COS(FHIUC(TI) ) %83}
SUNULSUMUL + . SSOFHIUSFACTSFUT

IF (ETAM.GT.1.) ETAR=1.0
CSJ(IJ):CSFI(ETAN»ALFG)

PHIUCIJd CHIUCT D #DFHIU

CONTINUE

XI1UG=CUISSUNULSSDSY2

SUNTI=0,

NUFTSH=NUPTS~]

PO 300 IJs1)NUFTSM
ROPP=ROCEFIR(1 . +COS(FHIITII+I )
ROFFSQ=ROFFR82
ROFPM=ROLEPIS (1. #COS(PHI(TIUI D
kOFnSO-FOFNER2

FH=ROPHSOSCSIC(ID)

FPaROPFSOSCSJI(IJI+L)
OPHISFHICIJ41)-PRICIY)
SUMZ=SUNTI+ . SSDPHIS(FNIFP)

CONTINUE

X11J08=DELPSSSUNI

CALL SIN(0.0,ALPG/R« _3,CSFJ0)
XI2J02CSPIGESDELPSE((PI-FHIQ)S(ROS(RO+2, SEPLI)41.S9EPTISS2)
1-2.3EPIS(ROMEPIISSIN(PHIO) - . 2SSSIN(2.SPHIO)ISEPISS2)
XJI=X11164X1206

FITCITRY=XIL-P]

DPHIU=( . SeF1-FHIUOD) /XPTS

SUNU220.0

PH=FHIUO

XI12U0=STIGI®(1 . -SIN(FPHTIUD
FUZ(TYRI=XTIUGHXT UG- XLAN

Figure 69 - Continued

JET09600
JETO09810
JETO9820
JETO09830
JETOPBAO
JETO9850
JETOP840
JETO9870
JETO9889
JET09890
JET09900
JETO9910
JET09920
JETO9930
JETO?940
JET09930
JET09940
JETO9970
JET09980
JETO9970
JET10000
JET10010
JET10029
JET10030
JET10040
JET10050
JET10040
<ET10070
JET10080
JETL009¢
JET10100
JET10110
JET10120
JET10130
JET10140Q
JET10130
JET101460
JET10170
JET10180
JET10190
JET10200
JET10210
JETI0220
JET10230
JET10240
JET102350
JET10240
JET10270
JET10280
JET10290
JET10300
JET10310
JETL0320
JET10130
JET10340
JET10330
JET10340
JET10370
JET1038¢
JET103%0
JET10400
JETI0410
JET10420
JET10430
JET10440
JET104350
JET10460
JET10470
JET1048 .
JET104%0
JET10300
JET10310
JET10S20
JET103530
JET10540
JET10530
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IF (IFLAG.EG. 1) GO TO 907 JET103560

IF (iTR,EQ.1> GO TO 1900 JETLO0570
RELAX= .S JET10360
DEFI=FARN JET10590
DCUI=PARN JET10500

IF (ITR.EG.2) FULIE=(FUICITR)-FUI(ITR-1))/DEPL JET104810

1IF (1TR.EQ.4) FUIC=(FUI(ITR)-FUI(ITR-1)};/DCUI JET10620

IF CITR.EQ.2) FOLE=(FIICITR)-FJI(ITR-5))/DEPI JET10630

IF (ITR.EQ. Q) FIICs(FIICTITRI-FIT(ITR-1)?/DEF] JET10640
1000 CONTINUE JET10450
DEYsFUTESF ITC-F JIESFULC JET10440
PELE=(FII(3)OFUIC-FULC1)SFIIC)/DET JET10670
RELC=(FUIC I SFITE-FJIICL)ISFULE)/DET JETLO0480
EF(I41)1=EPC LY 4RELAXEDELE JETS04%0
CeI41)1=CUUYRELAXIDELC . JET10700

905 FORMAT (15X, ITERATION CYCLE='+I3s2Xy "EPS=’F10.3,2Xy " SIGNA='¢F10.JETI0710
13 JET10720

IF (APS(TELE) LY, 1.E-SIiAND.ABS(DELC) . .LT,.1.E-3) IFLADSI JET10730

tF (IFLAG.EQ.1) URITE 4,907 JET10749

909 FGIMAT (20Xs ‘'SOLUTION OF GROUMD FRESSURE DISTRIRUTION WAS BEEN FOUJET1I2730
IND’) JET10760

IF (IFLAG.EQ.1) WRITE (4,903) JEP(JILDICLI4Y) JEY10270

900 CONTIMUE R JETL107EQ
STOP JET10790

907 8$10=C(N JET10000
EPS=EP(J) JET1008:0
Cuu=S1gacul JET10820
WRITE (46,130 cuu JET10830

[z N NaNal

Onah

(s N2

13 FORMAT (20X, 'UPWASH THICKRESS CONSTANT» (CU) X (SIOMA)=’F10.%) JET10840Q
IF (IPPAR.NE.O) CALL GFLOT.ALFG,DILPS.SU,ROVEPZ,CLUISSIG/PHIUD,PHIQJETI0850
)

1 JET10860
RETURN JET10870
END JET10880

JET10890
JET10900
JET10910
JET10920
SUBROUTINE GPLOT (ALPO.DELPS+SD/RO/EPS,CUI,SIBE,PHIUD,PHIO) JET10930
PIMENSION PULS) /RWALL(302) ERR(102),XPLOTU(202), YPLOTU( JET10940

1202) , XPLOATIC202) » YPLOTI(202) » XAXIS(I0) y YAXIS(30) sy XDATA(10)+ YDATACIIETI0950

20) “ . JET10940
COMMON /HEIGHT/ MDy1FBAR JET10970

JET10960

THIS ROUTINE COMPUTES THE GROUND ISOBAR PATTERN FOR THE TWO-JET JETL10990
IMPINGENENTY FLOW FIELD JET211000
JET11010

FETA(ETA,A)=(1,-ETASSA) S04 JET11020
JET11030

INPUT NUMEER OF 1SOPAR YALUES JET11040
JET110%0

READ(S:51) Ny JET11060

31 FORNAT (I2) JET11070
WRITE (6.53) W JET11080

SI FORMAT (°1°'y//30X: 688 COMFUTATION OF TUO-JET GROUND ISOBAR PATTEJET{1099
LRN 238°///32%+12y° VALUES OF PRESSURE SPECIFIED FOR PATTERN’ JET11100
2/ JETIL110
JETI1120

INPUT NU ISOBAR VALUES FOR GROUND PATTERN JET1131130
JET11140

READ(S,1) (PUCTI)»Tul,NU) JET11150

L FORMAT (F10.%) JET11140

WRITE (6:112) (PUCDYslx1y4NU) JET11170
112 FARMAT (19X: "PBARS’,B8(F10.5,2X)) JET11180
WRITE (45121) JET11190
121 FORMAT (//2%X, 'GROUND PATTERN IN JET CEMTERED COORDINATE SYSTEM'//JET11200

1 JETI1210
NUPTS=2y JET11220
CALL PLOT(&.+0.4-3) JET11230
XLMAX=RO+SD JET11240
XSC=xLMAX/8, JET11230
X8C»1,0 JET11280
XMIN=O, JETI1270
DXMIN=-L. JET11280
PO 801 1P=1,100 JET11290
IF (XMIN.LY.-RO) GO YO 802 JET11300
ANTN=XNINIDXMIN JET11310

801 CONTINUE JET11320

Figure 69 - Continued
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XHAX=SD

DXAXIS=SD-XMIN

NAPTS=DXAXISH1

XAXIS (1) =XMIN/XSC

YAX19¢(1)=0.

DO 809 IFP=2:NAPTS
XAXIS(IF)=XAXISC(IP-1V¢1./XSC
YAXIS(IP)=YAX]IS(IF-1)

CONTINUE

DYAX=1./X5C i
XAXIS(NAPTS+1)2SDP/XSC
YAXIS{NAPTS+1)=0.

DO 605 IP=2,NAFTS
XAXIS(NAPTS+IP)=5D/XSC
YAXIS{NAPTSHIP)=YAXIS(NAPTS+IP-1)4+DYAX
CONTINUE

NPLOT=20NAFPTS

CALL LINE (XAXIS YAXIS/,NPLOT 1719=301s,1)
CALL SYMBLA (-3,:8.9.2»'H/0N214.0y S/022.00+0.:18)
PI=3,14159248

XPTS=NUPTS-1,

RELAX=.S

DO T00 I-1.,NU

MKITE (6:66) FUCT)

FORMAT (///45X» ‘FRAR=",F10.5)

IFLAG=1

XPUF =0,

1JET=1

Ty=y

RM=SD

ALPUB=1,S

CALL MALLJ (RW,VHMN,)DUN2,DUM3I.DUN4DELPW)
PHAXD=DELPW

IF (PMAXO.LT.PU(1)) IFLAG=0

RU=SD/LOS (PHIUD)

CALL WALLJ (RW:YMN;DUN2,DUMIDUMA,DELPW)
PHAXFrDELPW-UHNSS2+ (UMNSCUS(FNIUD) y¥82
IF (IFLAG.E0.0) GO TO S02

RVALL(]1)=SD

RUALL(2)~SD¢. Y

r0 490 K=1,100

CALL WALLJI(RWALL(K) (UMN, UMD, DUA3DUMNA, DELPW)
XUrSORT(RUALL{K) #82-SDsed)

PHIU=ATAN2 (XU,S$D)

PMAX~DELPW-UMNES24 (VANSCOS(PHIU) I ¥ 82
ERR(K)=PU{1) -FNAX

If (K.EQ.1) GO TGO 400

IF (ARS(ERR(K)),LT.!.E-S) GO 7O 301
PRDE = (RWALL(K)-RUALL (K-1))/(ERK(K)-ERR(K-1)
RUALLIX$1) =RWALL (R)-KELAXSDRDOESERR (R)
CONTINUE

SYop

KUz RUALL(K)

XPUF=SORT(RWES$Z-SOts)

PUF=ATANJ (XPUF,SD)
YUF=CUISSIGI®SD/COS(FUF)
FUFN=PUF8180./P]

DPHIU=FHIUB/XFTS

IF (FHIJUD.EG.0.» GO YO 20t

PH1U=0.

DO 200 I1J=1/)NUFTS

RW=5D/COS(FHIL) "

CALL VALLJ (RU»UMNDUH2TIUMI» TUNA, DELF W)
YU=CULISSIGIESD/COS(FHIW)
XULSOSTAN(PHIW)

PHI=ATANZ(XU,SD-YU)
RU={(SD-YU)/COS(FHD)
ROP=ROFEPSE (1. ¢COS(PHI))

ETAM=RU/RDP

1F (ETAM.GT.1.) FETAG=0.0

IF (ETAM.GT.1.) GO TO 101t
FETAG=FETA(ETAN,ALPG)

PAIN=DELFSSFETAQ
PHAX=DELPU-VMNSS2+(UNNSCOAS(FHTIU) Y SS?
CALL PMATCH (FMIN,FMNAX,ALPUG)

FEAR (FUELI)-PAIN)/ (PNAX-FPRIN)

Figure 69 - Continued
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IF (PHIN.GT.PUCI)) GO TO 509 JET12090
PBARJ=PUCT) /DELPS JET12100
IF (PBARJ.GT.1.) GO T0 509 JET 2110
ETAJs(L . -FBARISE,23)88(1.7ALPG) JET12120
XPLOTJ(TJET)=ROFSETAISCOS (PHI) JET12130
YPLOTJ(TJET)2ROPSETAJSSIN(PHID) JET12140
XPLOTJCIJET)=XPLOTI(TIJET)/XSC JET12150
YPLOVJCIJET)sYPLOTJUCTIJET ) /XSC JET12140
TJET=1JET41 JET12170
509 IF (PBAR.,GV.,1..0R.PBAR.LT.0.) GO TO %0& JET12180
ETAU=(1,-PBARSE®.25)2%(1./ALFUB) JET12190
XPLOTUCTY) =Sh-YUSETAU JET12200
YRPLOTUCIU) sXU JET12210
XPLOTUCTU) aXPLOTUCTU) /XSC JET12220
YPLOTUTU) € YPLOTUC TU) /XSC JET12230
1u=1ut1 JET12240
506 PHIULFHIU+DFHIU JET12250
200 CONTINUE JET12240
201 DEMI~(PI-PHIO)/XFTS JET12270
PHT-PHIO JET12200
DO 400 IKe1,NUPTS JET12290
PBARJ=PU(I) /LUELPS JET12300
IF (PBARJ.GT.1.) 00 TO 400 JET12310
ETAJe{1,.-PRARJSL,25)8%(1./ALPB) JET12320
ROP=RO+EFS8 (1, 4COS(PHI)) JET12330
XPLOTJC(IJET)*ROFSETAJECOS(PHI) JEY12340
YPLOTJCIJET ) =ROPSETAJSSINIPHI) JET123%0
XFLOTJC(IJET) =XFLOTJO(TJIET)/NSC JET12360
YRPLOTJCIJET)=YFLOTJUC(TIJET) /XSC JET12370
1JET=1JETH1 JE112380
PHI=PHT +DFNI JET12390
600 CONTINUE 4 JET12400
IF (1FLAG.EQ.0) GO TO S13 JET12410
If (PUC1).€Q.0.) GO TO Si3 JET12420
IF(PUF.LT.PHIUO? GO TO 510 JET12430
60 10 511 JET12440
S10 XPLOTUCIW) sSD JET12450
YPLOTU( TU) = XPUF JETI2460
XPLOTUCTUY=XPLOTUITU) /XSC JET12470
YPLOTUCIU)=YFLOTUCIU) /XSC JET12480
60 T0 800 JET12490
S11 DPHIU=(PUF-PHIUQ) /XXTS JET12%500
FHIU=FHIUOD JET123510
DO 700 I1J=1.NUPTS JET12520
YU=CUISSIGI*SD/COS(PHIU) JET12530
XU=SOSTAN(FHIU) JET12340
RU=SD/COS(FHIL) JET12830
CALL WALLJ(RU»VURN,DUND» BUMI» DUNA,DEL PY) JET12%340
FHAX=2DEL FU~-VHNSR24 (VMNICOS(FHIU) Yu82 JET12570
FEARFU (T 7FHAX JET12%80
ETAUs( ] .-PRAKSS.25)88(1.,/ALPUG) JET125%0
XFLOTUCIU)Y =STr-YUSETAL JET12400
YFLOTUCIU) = XU JET12810
XFLOTUCTUY =XPLOTU(TU) /XSC JET12620
YFLOTUCIU) =YPLOTUCTU) /XSC JET12630
IUsTudl JET12640
FHIUSFHIUSDFNIU JET12450
700 CONTiNUE JET12469
$13 [ustu- JET12670
OO 1JET=IJE.-1 JET1 2480
WNRITE (6011 1JETe{u JET12690
11 FORMAT (//15Xe’JET IMPINGEMENT REGIONON, TJEY='c14,10X%, 'UPWASH DEFLJET1I2700
LECTION REGIONs IU='0+14//) JET12710
1F (1JET.0T.Q0.0R.IV.GT.0) MRITE (4.,552) JET1272¢
552 FORMAT (/734X XIS0J’ 16X+ YIS0 v8Xys  XISOU” +8Xs ' YISOU® /) JET12730
ININelU JET12740
IHAX=TJET JET12750
IF (IU.GT.IJET) IMAX=IU JET12740
1F (IU.GT.IJET) IMINSIJET JET12770
N0 803 Irs1,IMAX JET12780
IF C(IN.LE.IMIN) URITE(&,12) XPLOTJ(IM) »YPLOT . . M) o XPLOTULIN) (YPLOTJIETLI2790
eI JET12800
12 FORMAT (JOX,4(F10.%5,2X)) JET12010
IF (IM.GT. IMIN.ZAD ININ.EQ.JU) WRITE (4¢1%) XPLOTJCIM)»YPLOTJICIM)Y JETI2B20
15 FORMAT (3JO0X.2(F10.5,2X)) JET12830
1F (TH.OT.INMIN.AND.IMIN.FN,TIOFY) YRITE (Av14) XPLOTUCIM) . YPLOTUIINJETLI2040
1) ! JET128%50
14 FORNAT (S4X.2(F10,.5.,2%)) JET12840
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CONTINUE

CALL LINE (XFLATUYPLOTU TUsLslolots.d?
CALL LINE (XFLOTJsYPLOTJs1UETslstvtelr. 1)
CONTINUE

DPHIU= ,58P1/XFTS

FHIU=0,

DO 900 IJ=1+NUFTS
YU=CUISSIGISSD/COS(FPHIU)
XU=SDETAN(PHIV)

1F (XU.OT.XLNAX) 50 TO 901
XPLOTUCI D) =SD-YU

YPLOTUCT ) =X

XPLOTUCT ) =XPLOTUCT ) /XSC
YPLOTUCTIJ)=YPLOTUCY.) /XSC
PHIU=PHIU+DPHIU

CONTINUE

fusli-§

WRITE (6,807)

JET12870
JET12800
JET12890
JET12900
JET12910
JET12920
JET12930
JET12940
JET12950
JET12960
JET12970
JET12980
JETEI2990
JET13000
JET13010
JET13020
JET13030
JET13040

807 FORMAT (///15X:'UFWASH DEFLECTION IONE LINE, FBAR=0 OUTSINE INTERAJET130%50

aoe

813
811

101

THIS COMFUTES THE WALL JET FROPERTIES GIVEN A WALL RADIUS

1CTION KEGION'//)

URITE (4+808)

FORMAT: (35X ' XUP ' 18X, YUF*//)

DG 813 IN=1,1U ’
WRITE (4+811) XFLOTUIIM)»YPLOTUCTIN)
CONTINUE

FORMAT (30X :2(F10.5,2X))

CALL LINE (XPLOTU,YFLOTUsTUrlelelvls 1)
CALL ADRAW

CALL PLOT ¢-99.,-99., 3)

READ (5,101) FAUSE

FORMAT (1X+F10.5)

KETURN

END

SUBROUTINE WALL J(R,VUNN+EUH, BW.CU2,DELPW)
REAL KDELO+NO»XDELFDNFDsN/KDEL

COMMON/WALL/ DELS»NO/KDELO»ALFG+ALPWO/ALPUFDRO)RGH, VG BUHOD

MAXIMUM VELOCITY DISTRIBUTIOM IN DEFLECTION REGION

AWls, 09

NF =7,

KDELFD=1./9.

BUIHO=AWIKRO

BELBRA= (BW3n, -BWHO) / (RO-RGH)
ALPWFD=1.5

RELAK= (ALPUFD-ALFNO) /(RO-RGH)

DEUNR* (NFD~-NO) /({RO-RGH)

ANELET=,0175
ADELEBL=(ADELBTE(RD-2.)-DELS)/{RO-RGH)
DKOELR=(KDELFD~KDELO)/ (RO-RGH?

IF (R.LE.RO) FCTA®{1.-(R/ROISSALPG) AN
1f (R.GY.RD) FETA=0.0

IF (R.LE.RGH) VUNG=SART(1.-FETA)

IF (R.LE.RGH) VMN=UMGIVG

IF (R.LE.RGH) GO TO 401

IF (R.LE.RQ) BUH=BWHO+FELBRHE(KR-RGH)
IF (R.GT.RO) BUH=AWISP

IF (R.LE.RO) ALFUrALFUO4DELARS(R-KGH)
IF (R.GY.RO) ALFUsALPUWFD

If (K.LE.RQ) N=NO4QELNRB(E-RGH)

IF (R.GT.KO) MH-NFD

IF (R.LE.RO) DELBL=DELSHADELPRLE(R-RGH)
IF (R.GT.KD) DBELBL-ADELETS®(R-2.)
ALAR= (12, -SART(Z.)1/2.)83(1./ALPW)
ROEL=DELFL/(IELFLY (BWH-DELBL) /AL AN)
CALL STMUCRDEL ' NsALFW RATCV2,CP)

IF (R,LE.4,) VISHON:-1.0

IF (K.GT.4,) VISHOM=1./(R/4.)88,24
F1=V)ISHOMSRATR (1. -FETA)/(REFWH)
FaCPSFETARVGESD

Figure 69 - Continued
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UNN=SORT((F1=-F2)/(2.8CV2
UMG*VUKN/VG
DELFUFETASVGSB2 tUBNESD
PU=BUH/RAT

PELTASNDELSBUY

CONTINUE

IF (R,LT.RGH) DELFW=VGHS2
IF (R,LY.KGH) BPUN=BUKD
RETURN

END

SUBROUTINE JETPCY (THIETACPUHIALPV TLAMICMICT+RVIRT)
DELMIN=1.E-S

CALL JETPCRIETAC ,BVHIALPVIRVILCVD)

WRITE (6:3355) CVZeALPVI

CALL JETPC (ETAC,BUH ALPVIRVTCVD)

MRITE (46,33%5) CV2.ALPVI

FORMAT (1Xs'CV2ua3F10.4¢23Xs "ALFYI=’+F10.6)

WRITE (691237 THIETAC PVUR

FORMAT (1Y ~.3.8)

ALPVUsL  SALPYE

TLAN=L, i

R2=(SART(2.)-1.)/5QRT(2.)

REL=.1000000

DO 100 I=1,999

RV=ETACH(1,-ETAC)ISRISB(L . /ALPV)

RVAV=(ETAC-1 . )SULIRV-ETAC)/ (1. -ETAC))SALOG((RV-ETAC)/ (1, -ETAC))/
1aLFV

CALL SINTPC(TM,ETAC ALFVSTLAM,CHsCTsCHAVICHAT(CTAVSCTAT)
Fe2 .SRVHSBVNRCT-RVSRV

O=2 . SBUNSPUNRCH-RYSRY

FAV=Y, sPVNSEBVNSICTAV-2, SRVSRVAV

FAT=D, BVHSBVHEC TAT

GAV=2, SBVHEBVHECKAV~2, BRVSRYVAY

GAT=2, SBVHIRUHSCHAT

DET=FAVBGAT-GAVSFAT

DALPVs (OSFAT-FSGAT)/DET

BLAM=(FRGAV~GIFAVY/UET

URITE (4+,800) SVHICTRVICHMIALPV,ALPY:F .G

FORMAT (1X+8F14.6)

WRITE (46+700) 1.DALFV,DRALPT

FORMAT (§1X,13,2X+2F15.6)

ALPYSALPUSRELSDALPY

TLAM=TLAMIKEL SDLAM

IF (ABS(F) LT.DELMIN.AND.ARS(G),LT.DELMINY GO TO 200
CONTINUE

stTep

MRKITE (6:500) I,ALPV.ALFT

200 CONTINLD

500

700

FORMAT (1Xe1322Xy"ALFV= " +F10.692Xs 'ALFT=",F10,4)
RT-RY

RETURN

END

SUBRAUTINE JETFIN (ETAC/IRJH+ALPCIR,CVD)

THIS ROUTINE CONPUTES THE EXFONENT OF THE JET VELOCITY PKOFILE
IN THE FOTENTIAL COKE REGION

ALP=a.0

DELMINwL . E-3

RELr .30

ho 100 I=.,500

CALL STIMN(ETAC 2 _PosRICVD+LCVIL,RALP)
FUNC*CV2-~ ., S8 (R/RIH) 882
FUNCD=CUCA-(RERALF) 7 (RIHRSED)
ALFN=ALF-FUNC/FUNCD

WRITE (4:,700) ALFNIFUNC

FORNAY (1X¢ ' ALFn’ ¢F10.3+2Xs " FUNCe',F10.9)
hLF-ALFIRELSB(ALFN-ALP)

IF (ABSCFUNCY.LT.DELNIN) GD TO 101

Figure 69 - Continued
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100 CONTINUE
3T10F

101 ALPC=ALPN
RETURN
END

SUBROUTINE SIMN(ETAC»ALPsR»CY2,CVIALKALP)

INTEGRAL OF JEY VELOCITY AROFILE FUNCTION2CV2
R=RATIO OF PUH TO B

Alx,S-4,. R0 /0ALPEL I -a /(T SALPE2, D 4L /00 SALPEY)

A2e ] o -4 /{ALFE1. )46, 7(2.8ALFPH1 .04, /(3. 6ALP#1 )41 . /(4. 8ALF L)
CVU2= , SSETACSI2+ALI (1 I-ETAC) S324ETACS (1, -ETAC) 2A2

ALALP =4, /¢ (ALF+2.0882)-3. /7 (ALPH1) 882D ¢12. /(I . 8ALFIT.)88D)

1-4.70C04. 5ALP42,)802)

A2ALP 4, 7{LALFHIISID) - 12, /({2 SALF+1, 182412, /(L3 . 8ALP+L,.)882)

1-~4,70CA. 8ALF+1 ,)%82)

ETAK1=(1,-ETAC)ESD

ETAR2=ETACR(1.-ETAC)
CVUA=ETABISALINLFIETARISA2ALP
REETACH(1.-ETAC)2((2.-SART(2.1)/2. 1021, /ALP"®
RALFP=( (ETAC-R)/ALF)ISALOG( (R-ETAC)/(1.-ETAC))
RETURN

END

SUBROUTINE SIKTFC (THIETAC ALPU»TLAMICHICT CHALP +CHTLAN/CTALP,

1CTTLAM)
FUF(ETAP) =(1.-ETAPSSALPV) S22
FTF(ETART)=(1,-ETAPTSSALFT) 822

FUAUP(ETAF FV) =2, 8SORT(FVI®(SAORT(FV)-1,)8ALOG(E(AP)

FTIATP(ETAPT s FT)=D,8SART(FTIL(SORT(FT)I-1. )SALOOI(ETYAPT)
FILAMCETAPTIETAP s TLAM) =2 2ALFTS/ L. -ETAPTRRALFT)R(E(APTEX(ALFT -1,

1)IB(ETAF. TLAMSTLAM))
FUNC(FUSFT)2FV/(FT+(1.-FT)/TH)
FUN(FT)=FT/(FT4(1,-FT)/TH)
FUNCT(FUFT)IaFY/C{FT4(L,.-FT)/TN)I¥2D)
N=24

MRITE (4,800) Til+ETAC»ALFYV»TLANM

800 FORNAT (SX,4Fil1.3)

HTMe(1.-TM)/TN

Ni=nN-1

ALPT=ALPY

N2=N-2

DETA=(1,-ETAC) /NI
ETA=ETAC+DETA

SUMOH=0,

SUNOMA=D,

SUNONT=0,

SUMDYA=0.

SUMOTT=0.

SUNDT =0,

DO 100 IsgsN1:2

ETAPs (ETA-ETAC) /(1. -ETAC)
ETAPTSETAF/TLAN

FU=FUP(ETAP)

FIsFI"(ETAPT)
FUAYSFUAUP (ETAP +FV)
FTAT=zFTATPLETAPY,FT)
FTTLAN=FTLAN(ETAPT,ETAP . TLAR)
SUNOMaSURONF URETASFUNRC(FU,FT)
SUMOT=SUMOTHFTSETASFURC(FVIFT)
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SUNOMASUNDNA+2, S7FVAVSETASFUNCIFVIFT)4FUSFTATSETASDTHIFUNCT(FVIFY)JET13060

SUMONT=SUNORTHFVSFTTLANSETASFUNCTI(FYFT)

JEV13070

CUMOTA=SUMOTA+FUAVSETARFUK‘FY)4FTATRETASFUNC(FTFUI4FTATSDTMSFUNCTIET13080

LCFVLFTINETA

SUNDYT=SUNOTT+FTTLAMBETAS(FUNCIFVFTI4DTHEFUNCT(FVFT))

ETA=ETA42 . 8PETA

Figure €2 - Continued
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CONTINUE

ETA=ETACH2.3DETA

SUMEN=0.

SUMET=0.

SUMERA=0,

SUNERT=O,

SUNETA=0.

SURETT =0,

DO 200 I=3/N2,2

ETAF={ETA-ETAC) /7 (1.-ETAC)

ETAPT=ETAF/TLAN

FU=FUPLETAM

ETsFTPIETS

FUAUSFVAVUPLETARFY)

SINY=FTIATE(ETAPT,FT)

FITLAN=FTLANCETAPT  ETAP(TLZN)

SUREN-SURSNIFUSCTACFUNC(FV,FT)

SUNETaSUNETHFTSETABFUNC(FY,FT)

JET135120
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JET15140
JET15130
JET15160
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JET13180
JET15190
JET15200
JET13210
JET15220¢
JET15230
JET13240
JET15250
LT13260

JET13270
JET15200

JETI5290

SUNENA=SUNEMAS2 . SFVAVSETASFUNCIFUFT: +FUSFTATEETASDTHSFUNCT(FVsFT)JET15300

SUMENT = SUNENTHFVSFTTLANSETASFUNCT(FVU,FT)

JET13310

SUMETA-SUNETAYFUAVSETASTUN(F 12 4FTATSETASFUW C(FT+FVIFTATSDINSFUNCTJIET15320

LCFV.FT)SETA

SUBETTaSUNE : TTLANSELAS/FUNC(FUFTI4DTHSFUNCT(FUIFT))
ETASETA+2.30E(A

CONTINUE 0"

CH= . SSETACSETACH(DETA/I.IS(ETAC TS, SSUNONHID, SSUMNEN)
CT=.SUETACSETACH(TETA/I IS(ETACHA. . SCUNOT 2. 8SUNET)
CHALP=(DETA/I. 28/ 4. sSUNDRA+D, SSUNENA)
CMTLAN=(DETA/3, )84, SSURDONT 2, rSUNENTISDTH

CTALY S(DETA/3. )3 (4.8SUNOTA42.SSUNETA)
CYTLAN=(DETA,/2,)8(4.8SUNOTT+2, SSUNETT)

MRITE (8:700) TH,ETAC ALPUTLANCHoCToCMALPCHTLAN,CTALPCTTLAN
FNRNAT (1X,1GF11.3)

RETURN

(.24

SUBRQUTINE GHALF (TRILET. THALPVTLAN,TQ)

FUPLETA® =(].-ETAPX2ALPV) P82
FIPCETAPI= (1. -(ETAF/TLAM) SZALPT)SS2
FVETAP{ETAF)=-2.8(1.-ETAPSSALPVISALPVSETAPIS(ALPV-1.)

JET13330
JET13340
JET15350
JET133460
JET1L£370
JET13380
JET153%0
JET13400
JET13410
JET13420
JET15430
JEY15440
JET13450
JET134460
JET13470
JET13480
JETi5490
JET13300
JET15319
JET133520
JET1S330

FIETAPIETAP=-2. 801, -(ETAP/TLAM)SSALFPTISALPYR((ETAP/TLAN) SE(ALPT-1JET1350

1.)2341./7TLAM)

REL=.3

ALPT=ALFV

WRITE (8:700) THBETACIALPVSALPT

JET155350
JET1353460
JET13370
JET13560

FORMAT (1X, " THB= sFL1O.Se2Xs"ETAC= 2F10.5»2Xy "ALPU=",F10.5.2X» "ALPTIET13390

1=2/,F1C.5)

ETAP=0,

DETAP z1,/24,

BO 300 1=1,23

FUSFUP(ETAP)

FI=FTIPLETAP)

QOLD=G

O=FURFUSTME/(1.+FTS(THE-1. )

IF (0.LT,.5.AND.QOLD.GT..5) GO TO 347
EYAN=ETAF+DEI NP

CONTINUE

sStTor

WRITE (4,3537) QOiLb.Q

FORMAT (2Xs Q02" »F10.5,2%,°0=",F10.%5)
DEDQ=DETAP/(Q-QOLD?
ETAP=ETAP+DEDOR(.5-0)

WKITE (4,373) ETAP

FOAMAT (22X, 'ETAFe’,F10.%)
PELAIN-1, k-3

00 100 Is=1,500

FUsFUP(ETAP)

FT=FTP(ETAP)

FUETA=FVETAFP(ETAF)

FTETA=FTETAF(EIAP)

DEMN=]  +FTR(THP-1.)

FUNC= . S5-FURFUSTHB/DEX
FUNCD=FUSFURTHBS(THR-1 . )SFTETA/ (DENSTEN) -2 . SFUSFUETASTNB/DEN
ETAN=ETAF -FUNC/FUNCD
ETAP=ETAPIRELB(ETAN-ETAP)

MRITE (40300 ETAF,FUNC

Figure 69 - Continued
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300 FORMATY (1X:2F310.5)

IF (ABS(FUNC).LT.1.E-5) 00 TO 200
100 CONTINUE

STOFP
200 RO=ETACH(1,.-ETAC)ISETAP

RETURN

END .

SUPROUTINE SINTV (TNsTHsALFV TLARICH CTCHTH.CTTH)
FUPLETA)=(]1.-ETASSALFV) 282
FIFCETA)= (3. ~(ETA/TLAM)BSALFT)SS2
FUNC(ETAIFVIFTI=FUSETA“(FTH#(1,.-FT)/THR)
FUNCDC(ETAFY FT)FYSETAS( (L, ~FT)/(THBESTH) )}/ ((FT#(1.-FT)/THB)&22)
N-24
ALFTaALPY
MRITE (4:777) TNeTM ALFV,ALFTCH»CY
THR=TMSTN
Ni=N-1
N2aN-2
DETA=}1,/ N1
ETA=DETA
SuUnON=0.
SUNOT=0.
SUNQTN=0.
SUMOCH=0.
DO 100 I=1sN1,42
FU=FVUF(ETA)
FT=FTF(ETA)
SUMOM=SUNMOMIFUSFUNC(ETAFV,FT)
SUMOT=2SUMDTHFTIFUNC(ETA.F -FT)
SUNDCH=SUNCCHIFVIFUNED(ETr »FULFT)
SUADTH= " - “+FTSFUNCRC(ETAFU,FT)
STA=ETA42.3JETA
100 COMTINUE "
ETA=2.%DETA
SUNEN=0.
SUNMET=0.
SUNECR=0.
SUMETH20.
DO 200 I=3,N2s2
FUsfUP(ETA)
FI:FTPLETA)
SLAEM=SURENIFVSFUNCIETAFVFT)
SUMET=SUMETHFTSFUNCIETAFU.FT)
SUMECH=SURECM+FVIFUNCD(ETALFV FT)
SUMETM=SUMETH+F TSFUNCD(ETAFV,F )
ETA-ETA2.SDETA
200 CONTINUE
CMe DETA/3.)S( 4. 3SUNINE2, SSUNEN)
CT={DETA/3.)8(4.3SUNDT+2.3SUHET)
CHTH=(DETA/3.)8(4,8SUNOCH+2, SSUNECH)
CTTA=(DETA/3. )04, SSUNOTN+2 . SSURETN)
YRITE (462777) TNoTHIALPVIALFT.CHHCT
777 FORMAT [1X:4F10.5)
RETURN
END

SUBRJUTINE GPREST (RO.VGrTAGIALPG/R.CPG)
FUNC(ALP)=.S-4.7(ALP42. )43, 7(ALF#1.)-4,. /{3, 6ALP42.)41. /L4 SALP
142.)

FUNCO(ALP)I =4, /7 ((ALP42.1882) -3, Z7L(ALP41 IS8 )412./C (3. 8ALP+2,)882)
1-4,/70(A.8ALF$2.)822)

THIS ROUTINE SOLVES GROUND PRESSURE INTEGRAL FOR GROUND PRESSURE
EXPONENT

ALPG=1.3

REL=.3

DELMIN=L.E-T

DO 100 I=1.99

CFG=FU C(ALFG)

CFGFP=F JNCD(ALPG)
FaTHG-ROSROBVGRVGSCPG
FP=-KOSROSVGEVGICFGP

ALPZ=A' PG-RELSF/FP

WEITE (6¢500) ALFGCPG/CPGP /.

Figure 62 - Continued
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S50 FORNAT (1X,3F13.5)

IF (ADS{F) . LT.GELNIN) GO TO 101
130 CONTINUE

STaF
101 RETURN

END

SUDPROQUTINE SINM(RDEL N,ALFW R/, CV2,CF)

THIS ROUTINE COMPUTES TNE INTEGRAL 0OF THE VELOCITY SQUARED PROFILE
AND STATIC PRESSURE PROFILE FOR WALL JET FUNCTIONS

CV2sVELDCITY S0UARED INYEGRAL

CP=STAIC PRESSURE INTEGRAL

R=FATIO OF &MM YO B

REAL KDEL M
XN=N

XI13]1,-4,7(ALPUSL DA . /(2. BALPUIL ) -4. /(3. SALPNEL M1 .7 (4. 0ALPNIY,

1
CU2=(XN/I{2.¢XN)ISKDEL$(]1.-RDEL)EXI]
CP=XDEL#(1.-KDEL)8XI
F2((2,-SDRT(2.))172.)88(L.7ALPY)
R=XDEL$(1.~KDEL)SF
WRITE (6:3500) CV2.LF

300 FORMAT (3X» 'CVU2=’,F10.5:2Xs°CP="+F10.5)
RETURN
END

SUBROUTINE SINUG(ALFU,R,CUIU)

THIS ROUTINE COMPUTES VELOCITY QUARED INTEGRAL FOR UPRASH

JET14700
JET16710
JET14720
JEY16730
JCT16240
JEY14730
JET16740
JET16770
JET14780
JET14679¢
2ET18800
JET14810
JET14820
JET14830
JET146840
JET14850
JET14840
JET14870
JET14880
JFT1ARY0
JET16900
JET14910
JET18920
JET14920
JET146940
JET14930
JET148940
JET14979
JET16980
JETI499¢
JET17000
JET17010
JET17020
JET17030
JET17040
JET1720350

CUU=] . -4, 7(ALFUILI¥6. /(2. SALPUL.)-4. /(T . SALPUHL . )41 ./ (A . SALPUIJET17040

1.}
F=(SORT(2.)-1.)/SORT (2.
R=Fe8(L./ALPY)

RETURM
END

SUBKOUTINE GMATT (TNsRGDELPSPHRI»THI UM ALPGKDEL N:ETAWG, DELS
10 ALPUI R BMNO» BUOH, TLAN)

THIS KOUTINE 15 USED FUR INITIATING WALL JET REGION
COMPUTES THE INTIAL INVISCID EXFONENT FOK WALL JET PROFILE

REAL XDEL.d

PUO~DELS/NADEL

TLAR=1,1

ALPW=.5

CALL STMWM (TN THI+TLAMFABILRDEL +NsALFdALPGrETAMGDELPS,UNT,
1940,RG,

RCON={2,-SQRT(2.)1/2,

R<KDEL#(1.-ADELISRCONSX(1./ALFW)

BUOH=RS 2N

MAITE (-2 TLAMIALPU.BNOBUOH

JET17207Q
JET17080
JET170949
JET17100
JET17110
JET17120
JET17130
JET17140
JET17150
JET17140
JET1717¢
JET17180
JET1719¢
JET17200
JET17210
JET12220
JET17230
JET17240
JET17250
JET17240
JET17270
JETE229¢0
JET17290

JEV17300

F09 FORMAT (- <o "TLAN® " +F10.5e2Xo "ALPUe ¢ FL10.5,2X, "BPNO='5F10.5,2X, BUOHJIETI7310

17 +F10.%) "
RETURN
END

SUDROUTINE SIMUN(TNyTH . TLAMsPMD ' XDEL  MoALPUIALPO«CTAWGDELPS ) UM,
1B¥RE6)

REAL NDEL/N

THM=TANIN

KEL=.3

DELMIN=].E-S

FETAG=(1.-ETAUWGSCALFGIE84

FHON=1,-FETAG

URITE (4+400) FETAG,FMOM.FU.RG

Figure 69 - Continued
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400 FORMAT (11X, 'FETAG'+4F10.3)
00 100 I=1,200
CALL SIMUTY (TN, TH:TLANPHR.KDEL NeALPWCV2,CP,CT,CVIAICV2L
11CPAICTALCTLYRIRALP)
MRITE (6,740) CU2CPsCTICV2A,CVLCPALCTARCTL R
740 SORMAYT (1X.,9F10.3)
FafMON-RGOPUS (D, SFNIZUNSUNECVY/TRIDELPSSFETAGSECP)
G=FMOMSTHS(TN-1,)-2,.SPHDPSUNS(THB-1.)3RGEDUSCT
FALP-RGOSRUN (D, SPHDSVNSUNSCUIA/THIDELPSSFETAGSCPA)
FLAMR-RGSPUB (2. SFNHASUNIUNSCY2L /TH)
GALPs-2 . 8FrHBSUNS(THD -1 . )SRGORUSCTA
GULANM=-2 . PFMEBSVHR(THR-1.)SRGSRUICTL
WRITE (4,750) FALF)FLANGALF.GLAN

JET17470
JET17480
JET17490
JET17500
JEY17310
JET17320
JET1753¢
JET17340
JET17550
JET17340
JET17570
JET17380
JET17390

750 FORMAT (1Xy 'FA='»Fl0.Z3,1%s 'FL="0F10,5¢1Xs ‘GA="»F10,5+1Xs GL="2F10.JET17400

13
DEV=FALPUGLAN-FLANSGALF
DALP={GEFLAN-FROLAN) /DEY
DL AM=(FSGALF-GSFALF)/DET
ALPU=ALPUIRELSDALP
TLAMTLANCRELSDLAN
WRITE (84:3500) F.G,ALFU,TLAN
IF (APS(F).LT.DELNIN.AND.ABS(G).LT.DELNIN) GD TO 101
T00 FORMAT (1X,4F15.%)
100 CONTINUE
sSYoeP
101 CONTINUE
RETURN
END

SUNROUTINE SIMUTI (TN TH: TLARMSPRPADEL N2 ALPVCV2:CPCTCVU2ACVIL
1:CPACTACTL R NALP)

KREAL KDELN

FUF(ETAF)=(1.-ETAFSSALFV)IS2
FYPLETAF)={ .~ {ETAP/TLAN)SSALFTIZSD

FUACETAP) -2 8 (ETAFSSALPVIS(L. -ETAPSSALPV)IRALOGLETAF)
FTACETAFT)=-2 . S(ETAPTSSALFT IS (1. -ETAPTSSALPTISALOB(ETAPT)
FPACETAR)a-4, . S(ETAFSSALFVIS( (! -ETAFSSALPV)ISII)ISALOG(EYAF)
FTLIETAPT) =2 . 811 . -ETAFTS=ALFTISAL " TS(ETAPTSSALPT)/TLAN
FUNC(FV.FT+FF)=FUS(FPH(L. FP)I/PNT TTH1.-FT)/THD)
FUNCDR(FUFTFPI=sFUS(FFe(L1. FP) C(FTH{1.-FTX/THDISSY)
FUNCFVFTYSFTBUIFFR3(L.-FSY/PNB) /v ¢ (1 .-FT)/TAP)
FURTIF+FT)aFVRFT/ZiFTHLL . -FT) /7T

NFTS224

ALFTaALFY

WRITE (£+777) TNsTR:ALPUALPT.CH,CT

THRsTHETN

DIM=(1.~-THR)/ThB

RFM=(PHE-1.)/FPNR

K1=NPTS-~)

N2eNPTS-2

XNt skl

DETA=(1.-KDEL)/XN]

ETA=KDEL4DETA

SUNON=0.

SUmM0T e,

SCU2A0=0.

SCUlL0=0.

SCTAD=0.

SCTLO=0,

DO 100 I=1+¢N1.2

ETAF=(ETA-KDEL) /(1. -KDEL?

EYAPT=EYAF/TLAN

IF (EYAFT.GY.1,) ETAPTaY,

FUsFUP(ETAR)

FIaFTP(ETAP)

FPefFyUeFy

FUALP-FUA(ETAP)

FTALF=FTA(ETAFT)

FPALP«FFPACETAP)

FILAA=FTL(ETAFT)

SUNOM=SUNOMEFVURFUNCIFV.FT.FP;
SUKOT=SURCTHFTEFUNC(FYFT FF)

Figure 69 - Continued
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100

200

777

SCY2AOQ=SCYUDAQHFUNC(FVFT,FPIS(2.8FUVALPFVEFPALPETIFM) JET18210

LEFUNCD(FVFT FF)SFVUSFTIALPSDTH JET18220
SCULO=SCV2LO¢FUNCD(FVFY ,FPISFUSFTLANSDTNM JET18230

SCTAD=SCTACHFUALFEFUN(FTFFIIFUNC(FU FT,FFPISFTALP JET1B240
L4FUNT(FVFTISFFALFSDFR+FUNCD(FVFT . FP)SFTSFTALPEDTH JET18250
SCTLO=SCTLOFUNCI(FVsFT FPISFTLAMSFUNCD(FUFT»FFISFTSFTLANSDTN JET18260

ETA-ETA+2.3DETA JET1827¢0

CINYINUE JET18280
ETA=KDEL+2.8DETA JET18290

SUMER=0. JET183100

SUMET=0. JET18310

SCVU2AE=O., JET18320
SCV2LE=D. JET18330

SCTAE=Q. JET18340
SCTLE=0. JET1815¢

DO 200 I=3.N2.2 JET1083460
EYAP2(ETA-RDEL) /(3. -KRDEL) JET1837¢

ETAFPT=ETAF/TLAN JET18380
IF (ETAFPT.GT.1.) ETAPT=L, JET18390

FU=FUF(ETAP) JET18400
FY=FTR(ETAP) JET18410

FFsFUsFV JFT18420
FVALPsFUA(ETAP) JET18430

FTALP=FTACETAPT) - JET18440
FFALPaFPACETAP) JET184350

FILARSFTLIETAPT) JET10440
SUMEN=SUMENIFUSFUNC(FU,FT FP) JET18470

SUMET=SUNETHFTSFUMC(FUFTsFF) JET184080

SCU2AE*SCUIAEHFUNC(FUFT.FPIS(D.8FVALPIFVUSFPALPEDFM) JET18490

SHFUNCD(FY L FTFPISFYSFTALPIDTM JET18500
SCULE=SCUDLE+FUNCDIFVFTFFISFUSFTLANSDTA JET18510

SCTAE-SCTAEH+FUALFIFUNC(FT FPIYFUNC(FVUFTF7)SFTALP JET10520

LEFUNT(FVFTISFRALPEDRR+FUNCDIFV,FTFFISFTSFTALPEDRTHM JET18530
SCTLE=SCYLE+FUMC(FY+FT FRISFTLAMIFUNCD(FY»FT+FPISFYSFTLANSDTN JET18340

ETAzETA+2 . SDIFTA JET18S50

CONTINUE JET18340

CVU2aNSADEL /(2. +NYR(DETA/I. D001, +4, SSUNON4D, SSUNEN) JET18570

CY=NIXDEL/C1. MY H(DETA/I. D81, $4 . 8SUNOTH2.SSUNET) JET18580

CVU2As(DETA/3.)8(4. 8SCYTADID SSCVDAE) JET18390

CVUL=(DETA /3, 08(4.8SCY2LO42.8SCVUNLE? JET18400

CTA=(DETA/3. 1814 . $sSCYAQ+D.3SCTAE) JET18410

CTL (PETA-/3.)8(4.8SCTLO+2.8SCTILE) JET18620

CRF=1 -4, /CALPUHL .26, 7 (2. SALFVH1.)-4. /(3. 8ALF741. 741, /(4. 3ALPVHF1.JET18430

1 JET18440
CPFO=A . /LLALPVHL IS - 12 /({2 SALFVHL. 0882412 /(3. SALFVEL . IESD) JET 10450

1-4./7(C4. CALFVEIL. I BEY) JET18440
CPERBELS (1, -NDELISCPF JET184670

CFAx(1.-ADEL)SCFFD JET18680

REON+ {2, -S0RT(2.))/2, JET18690

R=KDEL+(L.-ADEL)SRCONSS{! . /ALFUY JET18700

RP3 (R-ADBEL)/ 1. -NDEL) JET18710

RALF=(ADEL-1.)RRPSALOG(RF) /ALFV JET18720

URKITE (4+777) INCTR,ALFV ALFT . CUDLCF,CT JET18734Q

FORMAT (1X:7F10.95) JET18740

RETURN JET18730

END JET18740

JET18770

JET18780

JET18790

SUBROUTINE SIMMTV (TINsTH TLAM FHR KDEL NeALPUICY2ICPCT CUTHCTTHIET18R00

1R JET18810
REAL KDELN JET18620

FUP(ETAF)*(1,-ETAFSSALFVIEED JET18830

FIF(ETAP)a (1, -(ETAP/TLAMISSALFT)SS2 JET108940

FUNMCIFUFTFR)=FUSIFR4(L . -FP)/PREI/LFTHLL . -FT)/THD) JET18850

FUNCD(FUFT FF)sFUSICL . -FT)/(THRSTHIISIFPH{L . -FPI/FRR)/L(FTH{1.~FTIET18040

1)/THp)esY) JEVT18870
NPT§=224 JET10080

ALPT=ALPY JET18890

WRITE :4:777: TH.TH.ALPUJALFYCH-CY JET18900

TND=THSTIN JET1891¢

DTRMa(]1.-THD)/THER JET18920

DPM(PRB-1.)/FNR JEY18930

Ni=NFTS-1 JET18940

M2eNFTS-2 JET18950

XNisN1 JET189460

BETA=(1.-KDEL} 7XN1 JET18970

ETARKDEL4DETA JET19980

SUNON=0, JET18990

Figure 69 - Continued
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SUMOT=0.

SCV21020.

SCTINQDa0,

DO 100 I=3,N1,2
ETAP=(ETA-KDEL) /(1 .~-KDEL)
ETAPT=ETAP/TLAN

IF (ETAPT.GT.1.) ETAPT={.
FY=FUP(ETAP)

FY=FIPLETAP)

FPeFVsfy
SUNOA=SUMOMFVSFUMC(FU+FT.FP)
SUMOT=SUMOTHFTSFUNC(FV.FT,FP)
SCY2TOsSCY2TO+FUNCN(FVIFTFPISFV
SCTHO=SCTMO+FUNCD(FVFT,FPISFT
ETASETA+2,SDETA

CONTINUE

ETA=KDEL42,.8DETA

SUNEN=0.

SUMET=0.

SCY2TE=Q.

SCTME=0.

00 200 I=3,N2,2
ETAF=(ETA-KDEL)/(1,-KDEL)
ETAPT=ETAF/TL AN

IF (EVAPY.GT.1.) ETAFT=1.
FU=FUP(ETAP)

FYaFTP(ETAF)

FP=FUSFV
SUNEM=SUMEN4FUSFUNC(FUFTFF)
SUMET=SUNETFFTSFUNC(FVFT,FP)
SCY2TExSCURTEFFUNCDIFVUFT.FF)RFV
SCYRExSCTYHECFUNCD(FUFT,FPISFY
ETA=ETA42.$DETA

CONY INUE

CU2=MEKDEL/ (2. 4N H(DETA/3. )81, 44, 8SUNOME2, SSUNEN)
CY=NSADEL/ (1. ¢N)+(DETA/3.)8(1,44,.35UMOT 42, 3SUNET)
CVU2TH={DETA/3. )84, 85CV2T0+2,8SCV2TE)
CTTM=(DETA/3.)9(4,3STTNO42. sSCTHE)

CRF=1 .- 4. /(ALPVUHL1,. )44, 7(2.8ALFVEL ) -4, . 7{J. SALPVI D81 . /{4 BALFVIL.

1)

CFP=hDEL+(1.~-KDEL)SCFF
RCON=(2.-SORT(2.))/2,

RaKDEL (1, -KRELISRCONSS (], /ALFV)

URITE (8+777) TM:TH+ALFUALPT,CV2,CP,EY
FORMAT (1X:7F10.3)

RETURN

END

SURROUTINE FGUNAT(CUFD+DELPS,DELPW,RO+3D,ALFG.ALPUG)
DIMENSION ERR(101).51G¢101)

HIS ROUTINE COAFUTES EXPONENT OF UPWASH GROUND PRESSURE FROFILE

SIGt1)=,10

816(2)=1.0

ALPUFD=1.5

b0 100 I=1,100
Fh=(DELPS/DELFW)I S (.23)
ETAG=5D8<1.-S1G(I)) /RO
ETAU=SIG(1)/CUFD
Fi=FB8{1.-ETAGSSALFG)
F2=1.-ETAUSSALFUFD

ERR(1)=Fi-F2

If (1.€G.1) GO TO g00
S»{SIGL(I)-SIG(I-1))/{ERR(D) -ERR(I-1))
IF (ABSIERRIIY).LT.1.E-3) GO TQ 101
SIG(I41)-SIG(I)-SBERRI(I)
CONTINUE

STOFP

SIGUO=SIG(I)

ETAN=SIGUO/CUFD

IF (ETAM.GT.1.0) ETAN=1.0
PHIN=DELPUS (1. -ETAMYRALFUFD)IBES
CALL PMATCH (FRINDELFULALFUG)
RETURN

END
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JETL2020
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JET19040
JET19050
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JET19070
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JET191190
JET19120
JET19130
JET179140
JET191359
JET19140
JET19170
JET19180
JET1919Q
JET19200
JET19210
JET19220
JET19230
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o on

OO0nD

100

101

SUBKQU. INE PHATCH (FRINPHAX:ALPUG)
DINMENSION ERK(1012,AL(101)

THIS ROUTINE COMPUTES THE EXFONENT OF THE FRESSURE FROFILE FOR
THE UPUASH DEFLECTION ZONE

ALPUFD=1."

FI=PHIN/PHAX
ETAN=(1.-PE8s,23)88(1 . /ALPUFI)

CALL SIMUF(ALPUFDETANSCSPUFD)
AL(1)=1.5

AL(2)=3.0

00 100 I=1,10C .

CALL SINUF(AL(1),1.0,C8FU)
XIwETYARS(PD¢ (1. ~-PH)ISCSFL)

X2=CSFUFD

ERR(I)=X1-X2

IF C(APS(ERK(I)).LT.1.E-5) GO TO 10}
IF (1.€0.1) GO TO 100
S=(AL(I}-AL(I-1))/7(ERR(II-ERR(I-1))
ALCT41) =AL(T)-SSERR(D)

CONTINUE

sToP

ALPUG=ALLT)

RETURN

END

SUBROUTINE SIMUF(ALFU.ETA,CSFU)

AL=ETA

A=~ (4. /(ALFU+1.))SETASS(ALPU+L.)
AZ=(6. /(2. SALPULL . )IBETASS (2. SALFURL.)
Adu— (4, /(3. 3ALPUT ) ISETASS (I, SALPU+L.)
AS=(1./7(4. SALFU+L.))SETARS (4. SALFUL.)
CSPU=RLIA2EATHAAAS

RETURN -

END

SUBROUTINE SIM(ETAC,ALFR,CVD)

INTEGRAL OF JET VELOCITY FROFJLE FUNCTION=CV2

11t

R=RATIO OF BJH TO BJ

ALT . S5-A4./(ALF42. )43, 7CALPH]1.)- 4. /(I . 8ALPH2, 041, /(4. 3ALF+D)
A2=1.~4./7(ALPH1 . )46./7(2.8ALFH1.)-4. /(3. SALPHL. )41 .7CA RALF#L.)
CU2a.3BETACSS24p18(1 . ~ETAC)SSZHETACS (1. ~ETAC)IBA2
R=ETACH+(1.-ETACIS{(2.-SORT(2.) /2, 88(1./ALP)

RETURN

END

SUBPROUTINE SIMUCALFUR,CV2W)

JET19780
JET19790
JET19800
JET19810
JET19820
JET19830
JET19840

JET19830
JET19840
JET19820
JET19880
JET198%¢
JET19900
JET12910
JET19920
JET19930
JET19940
JET199350
JET19960
JET1997¢
JETL19980
JET1999¢
JET20000
JET20010
JET20020
JET20334¢
JET20040
JET200350
JET20060
JET20070
JET20080
JET20090
JET20100
JET20110
JET20120
JET20130
JET20140
JET20150
JET201480
JET20170
JET20180
JET20190
JET20200
JET202140
JET20226
JET20230
JET20240
JET20250
JET20240
JET20270
JET20280
JET20290Q
JET20300
JET20310
JET20320
JET20330
JET20340
JET20350
JET20340

CU2U=1, -4, /CALFUAE . 244, 7(2. SALFUH]L ) -4. Z7(J. SALPUHL. ) 41./7 (4. CALPUSLIJET20370

1.}
Fe(S0RT(2.)-1.)/8QRT(2.)
R=Fsell./ALFU)

RETURN
END

SUBROUTINE SIMUM(TN ' THeTLAN.FMBIALPU.FETAGYDELPUS VM BU/RGIRFR &

LINEFF : TAEFF)

WRITE (&,111) PMB,VM

FORMAT (11X, "FMEx’  +FL10.5:2Xs UN='+F10.5)
THR=THSTN

REL=.S

IFLAG-C

DELMIN=1.E-5

TLAN21.0

TLARI=TLAM

WRITE (6+400) FETAG,FMOM:EU/RG
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400

740

103

750

300
1¢0

101

FORMAT (1X»*FETAG  +4F10.%) JET20870

00 100 Ir4:+50 JET20580
CALL STMUTL (TN THoTLANSPMR,ALPUCV2,CP.CTICULICTLIR) JET20590

IF (1.EQ.1) BU=FMOM/(RGSCV2¥ (2, JET20400

LSUMBS2IDELFUSSFETAG)) JET20410
IF (1.EQ.1) RUI=BU JET204820
WRITE (4,7240) CV2H,CFsLT,CV2L/CTL,K JET20430

FORMAT (i1X»6F10.5) JET20440
IF (1.EQ.1) WRITE (4,103) BU JET204359

FORMAT (1%, 'BU EST.='+F10.5) JET20440
F*FRONM-RG:. . .0, SPMBSUNSUMICYZ/THIBELPUSSFETAGACF) JET20470¢

G=FHONCTME( i 4d~-1.)-2. 3FNPSVAS(TMR-1.,)SRGRRUSRCT JET20480
FEU=-RGS (2. SFHRSVASUNFCUD/THIDELPUSSFETAGSCP) JET20690

FLAM--RGIRUS (D, SPHBIUNSUNRCYIL/TH) JET20700
GRU=-T ., 3FNRBOUMS (THR-1.)SRGRCT JET20710

GLAM=-2 ¢FNERIVUNS(TMP -1, ) SRGRRUSCTL JET20720
WRITE (8:750) FRULFLANI'GEUGLANK JET20723¢

FORKMAT (1Xv 'FA*"»F10.5v1Xs“FL="1i10.5s1X» "6A="+F10.5+1X» 'GL="+F10.JET20740
15 JET20750
DET=FBUSGLAN-FLANSGRU JET20760

IF (ABS(OET).LY.L1.E-10) XLFAG-1 JET20770

IF (AWSIPET>.LT.1.£-10) GO TO 101t JET2078C

OBU=(GIFLAN-FSGLAN: /DEY JET20790

DLAM=(FSGUU-GIFEU) /1KY JET20800

RU=RUAREL XDMO JET20810

TLAMTTLANSIRELSDLAN JET2082%

IF (TLAM.LT.0.) IFLAG=L JET20830

IF (TLAM.LT.0.) GO YO 101 JET20840

WRITE (4+500) F G RU-TLAN JET208%0

IF (ABS(FI.LT.DELMIN.AND.AKS(G).LT.DELNIN) GG T3 101 JET20840

FORMAT (1X,4F15.5) JET208/0
CONTINUE JET20880
STOP JET208%0
IF (IFLAG.ED.1) BUsBUI JET20900
IF (IFLAG.EG.1) TLaM=TLAMNT JET20910

K€ TURN JET20920
END JET20930
JET20940

JET20950

JET20940

SUBROUTINE SIMUTI (TN+sTHITLAMFHB,ALFVICVU2ICPHCToCUSLPCTL KD JET20970

FUP(ETAP) (1., -ETAFSSALFV)IIP2 JET20980
FTP(ETAP) > (1.~ CETAF/TLAMISRALPT )82 JET20999Q

FTLIETAPT) =2, 8 (1. -ETAFTSSALPT)SALFTS(ETAFTESALPT) /TLAN JET21000
FURC  FUsFT o FP)=FUS(FFHC(L,-FPI/FRE)/(FTH (). ~FT)/THE) JET21010

FUNCD(FVIFT FP) =FUNIFR4 (1, ~FF)/FNB) /((FT4(1,.-FT)/THE)822) JET21020
NPTS=24 JET21030

ALPT=ALFY JET21040
WRITE (46+777) TN, TH,ALFVUSALPTCHICT JET2105¢

THE-TNSTN JET21040
DYM=(i.-THB)/THE JET21070

DPH=(PHR-1.)/FPHB JET21086
N1=NPTS-1 JET21090

N2=NPTS-2 JET21100
XN1sNL JET21110

DETA=1 ./ XN} JET21120

ETA=DETA JET211349

SUMON=0. JET21149

SuUnOT=0. JET211%50

SCVY2L0=0. JET21140

SCTLO=0, JET21170

DO 100 I=1.N1,2 JET21180

ETAF=ETA JET21190

ETAPT=ETAF/TLAN JET21200

IF (ETAPT.G6T.1.) ETAPY=1, JET21210

FU=sFUP(ETAP) JET21220
FTsFTP(ETAP) JET21230

FP=FUSFY JET21240

FILAM=FTL(ETAFT) JET212%0

SUNCMSUMONIFVUBFUNC(FULFY FP) JEY21260

SUNGTaSUMOTHFTRFUNC(FV.FT,FP) JET21270

SCVU2L0=2SCVILO+FURID(FVFTFFISFUSFTLANKDTN JET21280

SCTLO=SCTLOSFUNC(FUFTFRFINFTLANYFUNTCD(FUFT)FPISFTSFTLANEDTHM JET21290

ETA-ETA42.8DEYA JET21300

Figure 69 - Continued
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ORIGINAL PAGE 1S

100 CONTINUE OF POOR QUA

200

~

~

ETA=2.8DETA

SUNEMN=0.

SUMET=0,

SCU2LE=0.

SCTLE=O, -.

00 200 Is3,N2,2

ETAP=ETA

ETAPTaETAP/TLAN

IF (ETAPT.GT.1.) ETAPT=1,
FUSFUP(ETAP)

FT1=sFTP(ETAF)

FPaFVIFY

FTLANSFTL(ETAPT)
SUNEMSSUNENFUSFUNC(FVFT.FP)
SUMET=SUMET4F TSFUNC(FV,FT.FF)
SCULE=SCUDLEAFUNCR(FV  FTFFISFUSFTLANSDTN
SCTLE=SCTLEAFUNC(FYFToFP)ISFTLAMSFUNCI(FVFT FPISFTSFTLANSDRTN
ETA=ETAL2. .

CONT INUE

CVR=(DETA/I.)B(L, $4,85UN0N4D ., SSUNEM)
CY=(DETA/3.)8{1.+4.8SUNOT+I.SSUNET)
CV2Ls(DETA/3. )8 4. 4SCV2LO#2.4SCVLE)
CTL=(DETA/X.)8(4, SSCTLO2,95CTLE)

Chel -4, 7(ALFUHL 244, 712 . SALFVHL. D=4, /(3. BALPUHL. DL . /LA BALFV4L.

-
RCON=(2.-S0RT(2.))/2,

R=RCONSS(1./ALPV)

WRITE C6+777) TNsTH,ALPVALFTCV2,CP,CY
FORMAT (1X¢7F30.3)

RETURN

END

SUBROUTINE SIMUTY (TN« " MiTLANIPHB,ALPVICV2»CPyCT+CUZTHICTTINNR)
FUP(ETAP)=(1.-ETAPSSALPVISS2
FIF(ETAPI=(1 .- (ETAP/TLAM)SSALFT) 882

FUNC(FYFY FP)YsFVUR(FFA (1. -FF)/PRRI/(FTH(1,.-FT)I/THE)

JET21310
JET21320
JET21330
JET21340
JET213%50
JET21360
JET21370
JET21380
JET21390
JET21400
JET1410
JET:1420
JET21413¢
JEY21 440
JET2145¢
JET21440
JET2147¢
JET21400
JET21490
JET21500
JET21510
JET21320
JET21530
JET21340
JET21550
JET21540
JET21570
JET21580
JeT12:13%90
JET21400
JET21610
JET21620
JET2163C
JET2164C
JET2165%
JET216480
JET21470
JET21680
JET2149¢

FUNCD(FUFToFP)=FUR((L ., ~FT)/(THRETMI )Y FFH(1.-FF)/FUB)/((FTH(1.-FTIET21700

1)/ ThR)I282)
NFTS=24
ALPT=ALPY

WRITE (46+777) TNrTR:ALFVALFTVCHCT
THB=THEIN
DTM=(1.-THE)/THR
OPN=(PHB-1.)/FNR
N1=NPTS-1
N2=NPTS-2

AN1=N]
DETA=1./XNL
ETA=DETA
SumMOn=0.
SUnoT=0.
SCV2710=v,
SCTHO=0.

RO 160 I=1.N1,2
ETAFP=ETA

ETAPT=ETAF/TLAN

IF (ETAFPT. BT, 1.) ETAFT=].
FUFUP(ETAP)

FY=FTP(ETAP)

FPsFYsFV

SUMOY " HCHAFVSFUNC(FVLFTFP)
SUNOT=_UNOGTIFTRFUNCIFV FT:FP)
SCV2T0=SCU2TO+FUACD(FVIFT FPISFY
SCTNO*SCTHOFUNCD(FUFTFPISFT
EYA=ETA42,.SDETA
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CRIGINAL PAGE I3
CF POU< QUALITY

100 CONTINUE JET21990
ETA=2,8DETA JET22000
SUMEM~rO. JET22010
SUMET=0. JET22020
SCV2TE=0. JET22039
SCYME=Q. JET22040
no 200 I=3¢N2:2 JET220%0
ETAFsETA JET22060
ETAPT=ETAP/TLAM JET2207¢
If C(ETAPY.GY,1.) ETAPT=}. JET22080
FUSFUP (ETAP) JET22090
FT=FTP(ETAF) JET22100
FPsFVUSFV JETR22110
SUMEMsSUNENFVEFUNC(FVFT FP) JET22120
SUMET=SURET+FTSFUNC(FV.FTFP) JET22130
SCUTE=SCV2TYEHFUNCD(FVFTFFIBFV JET22140
SCTME«SCTHEAFUNCD(FVFTFPIIFTY JET22150
ETAzETA+2.30ETA JET22160

200 CONTINUE JET2217¢
CU2={DETA/3,18(1,44,85UM0N+2, SSUMEN) JEY22180
CT=(DETA/3.)8(1,. ¢4, 5SUNOT4+2,.5SUNET) JET22190
CU2TH=(DETA/3, )8 (4. 8SCV2T042,¢SCV2TE) JEY22200
CTTM=(DETA/3, )4 (4. 3SCTHO+2. $SCTHE) JET22210
CFF=1,-4./CALPUHL, )46, /(2. 8ALFVHL1 . )-4, /(3. SALFY41, )48, /74 SALPVHL, JET2222

1) JET22230
CPsCPF JET22240
RCON=(2.-SORT(2.3)/2. JET22250 .
R=RCONSS (1, /7ALFY) JET222460
WRITE (65277) TNITMsALPYALPT,CV2,CP,CT JET22270

777 FORNAT (1Xy7F10.5) JET22280
RETURN JET222%0
END JET22300

JET22310
JET22320
JET22330

Figure 69 - Concludea.
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