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NOMENCLATURE

A, B, C calibration constants

Am axial velocity fluctuation sensitivity coefficient

Av radial velocity fluctuation sensitivity coefficient

B¢ (E, A"l +E, sz)

Cu eddy vinconsity factor
4 D confined jet tube diameter
; Dm (E1 Aml + E2 Amg)
g d nozzle exit diameter
; dBA attenuation of channel A ;

dEB attenuation of channel B
i E time-mean voltage of hot-wire = ) ,
: e voltage of hot-wire = € + e' ?
? j radial position indicator; j=1 on the centerline g
t jmax ~maximum radial position indicator 4
i K free jet parameter f
I L ' distance from nozzle exit to contraction nozzle
| Rw hot-wire resistance ::1

u axial velocity component = u + u' : :

u'vr turbulent Reynolds shear stress

v radial velocity component = v + v' .

X, T ' axial and radial coordinates

A effective coﬁling velocity

ix
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B
1 aingle mixing length scale
o expansion angle
b yaw angle
Ut turbulent viscosity
\)t* nondimensionalized turbulent viscosity
Subscripts
1, 2 refer to hot-wires 1 or 2
' 0 value at x = 0
) rms ., root-mean-square value
*i Superscripts
) time-mean average
() fluctuating quantity
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CHAPTER 1
INTRODUCTTON
1.1 1Investigation of Combustor Flowfields

A renewed interest in gas turbine cowbustor analysis has been
initiated by new emphasis on pollutant and noise suppression and fuel
economy. The combustor, shown in Figure 1, see Appendix B, must ful-
f111 several requirements (1) including:

1. Burn fuel efficiently.

2., Maintain stable combustion over a wide range of operating

conditions.

3. Uniform distribution of temperu..-e in product gases.

4, Minimum size and weight.

5. Minimum pressure drop.

Flowfields within such combustors are very complex due to the corner
and central recirculation regions produced by a rapld expansion and
strong swirl imparted to the incoming air. Thus, the flow is a swirl-
ing, recirculating, turbulent one and 1s, therefore, difficult to
analyze. Aerothermochemistry is ancther formidable problem facing the
designer, and more thorough and accurate procedures can yield the de-
siegn objectives mors ¢'dekly and less expensively.

The generél aim of this investigation is to provide information
on combustor phenomena so that combustion characteristics can be deter-

mined. These characteristics either in the form of experimental or
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theoreticel analysis are useful to designers, Theoretical investipga-
tors can also compare the experimental data with the data from a
numerical solution of the appropriate governing partial differential
equations. With this general knowledge, combustor development time
and cost will be reduced.

The research presently being investijated involves several methods
of analysis for both swirling and nonswirling flows. Tt consists of
flow visualization, computer simulation, and time-mean and fluctuating
velocity measurements with the emphasis on nonreacting, ateady turbu-
lent flow in axisymmetric geometries. Two simplified flowfields are
being investigated: a free round jet issulng horizontally into a
quiescent atmosphere and a confined jet. In the confined jet, flow
enters through a nozzle of exit diameter d and proceeds via a sudden
expansici: into a tube of diameter D, A swirler may be located up-
gtream of the inlet of the tube to swirl the flow, Also, a contraction

nozzle may be positioned at some downstream location in the tube.

1.2 The Problem of Turbulence Measurement

Complex flowfield rurbulerie measurements have always been é dif=-
ficult ;rocess., Several authors have discussed turbulence phenomena in
detall an¢ suggested various methods of turbulence measurement (2-5).
The hot-wire anemometer is the most broadly used instrument to obtain
turbulence qﬁantitiea. A single hot-wire In a two-dimensional flow
can meagure the streamwise components of the time-mean velocity and
the root-mean-gquare velocity fluctuation at a particular location
in the flowfield when used at a single orientation. By using multi-

orientations of a single hot-wire, the three components of the mean



and fluctuating velocity vector can be determined (6~8)., The problems
associated with this method are that extensive data reduction is re-
quired to calculate the desired turbulence quantities and, because the
wire has to be positioned several times, the data obtained is not
truely simultaneous, A multi-wire probe can be employed using a single
orientation to determine flowfield quantities. In a two~dimensional
flow, the time-mean velocities, streamwise and crcsRs stream velocity
fluctuations and their cross correlation can be determined with a two-
wire probe. A crossed hot-wire probe was used in this study in which
the wires were inclined at ¥ 45° to'the flow direction and parallel to
the probe axis. This probe should give more accurate turbulence inten-
sities and croas correlation than & single wire multi-orientation method

because it is used at only one orientation and thus the data acquired i=s

nearly simultaneous.

1.3 Previous Experimental Studies

1.3.1 Recent Studies at 0.5.U.

As mentioned previously, the research presently being investigatéd
involves several methods. Still (9) and movie (10) photography of
ne utrally-buoyant helium-filled soap bubbles and injected smoke has
aided in the visualization of various combustor flowfields. A five-
hole pitdt probe has been used to measure time-mean velocities at dif-
ferent swirl strengths (9, 11). Turbulence quantities have been
determined with a six-orientation single hot-wire technique (12) in
swirling and non-swirling flowfields. Predictions of confined swirling

flows correspcnding to the ones atudied experimentally have been
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achieved using a computer code that solves the appropriate partial dir.
ferential equations (13). These predictions (14) are now supplemented
by predictions deduced from downstream nozzle etfects (15) and realis-

tic inlet conditions (16}.

1.3,2 Free Jet

Corrsin and Uberoi (17) measured the power specta of velocity and
temperature fluctuations in heated ind unheated jets using a crossed
hot-wire gimilar to the one uged in the present study. They concluded,
from their measurements of the shear-correlation spectrum, that the
fine af:ucture in the shear flow in a round turbulent jet is isotropic.

Single and double hot-wires were used by Kolpin (18) to determine
turbulence intensity and shear stress in the mixing region of a round
jet. He found that, above a certain Reynolds numbei, the jet diameter
plays no role in the description of the turbulent field and that the
generation of turbulence, governed by the interaction of the large ed-
dies and the mean flow, is a local phenomenon. Davies et al, (19) also
conducted experiments in the mixing region in which the turbulence in=-
tensity, turbulence spectra, and sheai =tress were measured. Results
indicated that the local intensity of the turbulence is equal tc 0.2
times the shear velocity, where this +elocity iz defined as the produc;
of the local integral length-scale of the turbulence with the loecal
shear.

Measurements in the self-preserving region of a jet were performed
by Wygnanski and Fiedler (20) and Rodi (21) using hot-wire probes. The
mean velocities, normal stresses and shear stress measured by Wygnanski

and Fiedler were also cbtained by Rodi as a check. Rodi processed the
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slgnials from the hot-wire anemometer using two different methods: the
conventional method and a new method which d?termines the fluctuating
velocities from the squared electrical signal. The results agree
between the two studies when the conventional processing is used but
higher values are indicated in Rodi's investigation with the squared
data processing. Unfortunately, this new method is not applicable to
low~intensity flows, that is, flows with less than 25% turbulence
intensities.

Bradshaw et al. (22) conducted measurements of turbulence proper-
ties in the noise producing region of a free round jet. It was found
that the flow in this region is dominated by a group of large eddies,
contalning nearly a quarter of the turbulent shear stress in the quasi-
plane region of the shear layer.

Corrsin (23) and Sami et al. (24) performed turbulence measure-
ments that can be compared with the results of the present study be-
cause of the close peometric similarity and experimental conditilons.
In his experiment, Corrsin used a four hot-wire probe to measure the
turbulence quantities and a pitot tube to measure the mean velocity in
a heated round jet. Mean axial and radial velocities, turbulence in-~
tensities and turbulent shear were determined by Sami et al. using
single and crossed hot~wire probes in the flow-establishment region
of an air jet issuing into still air., The data of Sami et al. (24)

is presented because of the similarity in measurement techniques.
1.3.3 Confined Jet

‘‘low separation behind an orifice in an electrically heated tube

was investigated by Krall and Sparrow (25). The peak Nusselt number




was presumed to be at the reattachment point. They concluded that the

local heat-transfer coefficients in the separated, reattached, redevelop-

ment regions are several times as large as those for a fully developed
flow. Also, they found that the reattachment léngth was unaffected by
Reynolds number in the turbulent range. This result was varified by
Phaneuf and Netzer (26) who measured mean axial velocity and wall static
pressure behind sbrupt pipe steps. It was concluded that the reattach-
ment zomne spreads out with increasing Reynolds number and increasing
step height, provided the Reynolds number is in the appropriate range.

Back and Roachke.(ZT, 28) measured the reattachment length down-
stream of a pipe atep by dye visualization in water flows. A conical
contraction section was placed just upstream of a sudden expansion to
reduce the boundary layer thickness, Dye was injected through holes
positioned along the larger diameter tube at intervals of cne step
height. Reattachment locations were then cbserved by inspecting the
direction of dye flow. Visual observation of small buoyant particles
in a fluid in the redevelopment region was accomplished by Feuerstein
et al, (29). The length of reattachment found by Feuerstein 1s slight~
ly different than predicted by Back and Roschke probably due to dis-
gimilar inlet profiles. '

Pitot probe and hot-wire measurements in various sudden expansion
flowfields were made by Ha Minh and Chassaing (30). The time-mean
axial velocitr was determined with both instruments and good agree-
ment wag exhibited. A rotating, inclining, single hot-wire technique
was employed o measure the Reynolds stresses. One of their expansion
retios matchel the one used in the present study but the axial loca-

tions of thelr measurements were not compatable.




Moon and Rudinger (31) and Johnson and Bennett (32) developed
laser~Doppler Systems to measure mean velocities and recirculation re-
gion geometries, but the expansion ratios differed from the one used in
the present experiments,

Because of the differences in geometry, comparisons between the
results of the cited experiments and the present experimental study are
not possible. However, the experiments of Chaturvedi (33) are com-
parable. Mean velocity and pressure downstream of a sudden expansion
of a diameter ratifoc of 2,0 were measured with a stagnation tube and
pitot probe. A single and crossed hot-wire were used to measure the
turbulence intensities and turbulent shear stress. Mean velocity was
aleo measured with the single hot-wire. Also comparable are six-
orientation single hot-wire measurements recently obtained by Jackson

and Lilley (34) in the same test facility as in the present study,
1.4 The Present Contribution

To further develop combustor flowfield prediction techniques, in-
ciuding turbul ence modeling, there is a strong need to obtain experi-
mental estimates of the mean and turbulent flow quantities and the
turbulent viscosity. In the present study, a crossed hot-wire single
orientation technique is employed to measure mean velocity, turbulence
intensities and Reynolds stress in a round free jet and in a combugtor
simulation confined jet flowfield, The free jet measurements provide
an independent: check on the data acquisition and interpretation techni-
ques. Measurcments in the confined jet are carried out for nonswirling
flow with a sudden expansion. |

Chapter II describes the experimental facilities and hot-wire and




raw data acquisition instrumentation. This chapter also explaing the
concept of fluid flow at abrupt expansiéns. Experimental techniques,
data reduction scheme and turbulent viscosity formulation are given in
Chapter IIL. The computer program utilized in the data reduction and
user's gulde are contained in Appendixee D and C respectively, Mea-
surement procedures and results for free jet and confined sudden ex-
pansion flows are discussed in Chapter IV, Tables of output quantities
are contained in Appendix A and Appendix B consists of the figures.
Some of the turbulence quantities are compared with measurements done
by Sami et al. (24) in the free jet and Chaturvedi (33) and Jackson
and Lilley (34) in the confined jet facilities. Chapter V concludes

by cummarizing the results of the present study and suggests further

regearch,
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CHAPTER I1I
EXPERIMENTAL FACILITIES
2.1 1Idealized Flowfields

A round free jet issuing into a still ambient fluid, shown in
Figure 2, has been the subject of many experimental investigations. The
flow may be separated into three regions, each having a distinct set
of characteristics. Region I contains a potential core of uniform mean
velocity bounded by a shear layer. This region starts at the nozzle
exit and extends to four or five nozzle diameters downstream. 1In
region II, the velocity on the jet centerline decreases with increasing
distance. Region II is also characterized by the lack of similarity in
the wean velocity distribution., After about eight nozzle diameters,
region III starcs and the jet flow hecomes fully developed in which the
mean velocity flow patterns in consecutive sections become similar.

Confined flow at abrupt expansions, as in an actual gas turbine
combustor, is a typical example of the problem of fluid f£low separation
from the boundary. A region of reverse flow is caused by this separa-
tion at the sudden expansion. This region, called the corner recir-
culation zone (CRZ), is associated with a large pressure drop which
adversgely effects the performance of a can-~type combustion chamber.

The turbulence levels are high on ihe shear layer between the two
regions which indicates that, at this position, good combustion would

occur, Flows in actual reacting can combustors have an area of high
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heat transfer at the location of the reattachment of the dividing
; streamline which could lead to rapid deterioration of the walls of the }
: combustor. A schematic of the test section peometry and expected re-
circulation zones are shown in Figure 3. The central torroidal recir-

culation zone (CTRZ) is present only with swirling flow.

e Sl S

2.2 Free Jet

The free jet facility, shown in Figure 4, consists of a seamless
contoured nozzle fed by a thermally stabilized compressed air generator
E which delivers the desired flow rate through a small pressure regulator
é and a Fisher and Porter Model 10A1735A rotameter., The nozzle has a
throat diameter of 3.4 cm and an effective flow management section just
upatrean,

It is necessary to calibrate the crossed hot-wires in a flow of
known characteristice. The potential core of the free jet was utilized
for this calibration. The sensitivity to angulation (see Section 3.1)

was obtained by the use of a rotary table on the jet centerline to

TR

rotate the probe inside the potential core from ~10° to +10° to the

3 free stream flow direction. An "L" shaped probe bracket holds the

? probe while it is being calibrated.

2.3 Confined Jet

The Oklahoma State University Confined Jet Test Facility is used in
this experimental study. It is a simulation of a typical axisymmetric
combustion chamber of a gas turbine engine, Figure 5 shows a schematic
of the overall facility. Ambient air enters the low-speed wind tunnel

through a foam rubber air filter. The air then flows through an axial
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flow fan driven by a 5 h.p. varidrive motor which allows the flow rate
to be varied for different test conditions, Next, the flow passes into
a flow conditioning section which reduces the intensity of the turbu-
lence caused by the driving fan., This turbulence management section
consists of a perforated aluminuw plate, followed by a fine mesh screen,
a 12.7 cm length of packed straws, and five more fine mesh screens.
The flow then enters a contoured nozzle designed by the method of Morel
(35) to produce a minimum adverse pressure gradient on the boundary
layer to avoid local separation and flow unsteadiness. The ratio of
the turbulence management crose section to that of the nozzle throat,
by area, 1s approximately 22.5., The nozzle throat diameter d is 15 ecm.
Finally, the flow enters the test section, which is an idealized
combustion chamber model. It is composed of a swirler (optional), an
expansion block and a long plexiglase tube. The expansion block is a
30 cm diameter disk of wood that has a 15 cm diameter hole centered
on its axis and is attached after the swirler. In this study, the
swirler is not used. Thus, the expansion block is mounted directly
oato the throat of the wind tunnel nozzle. The flow expands into a
plexiglass tube of diameter D of 30 cm, thus giving a diameter ex-
pansion ratio (D/d) of 2. The test section is constructed of plexi-
glass for flow visualigzation and ease of location of measuring probes.
Holes are loecated at multiples of x/D = 0.5 along the length of the
tube, so that the hot-wire probe can radially traverse the airflow.
A contraction nozzle with an area ratio of 4, shown in Figure 6, may
be positioned downstream of the expansion block to simulate the con-
fining wall of a real gas turbine combustor, The test section does

not have film cooling holes or dilution air holes, typical in a real
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combustor. The ample size of the test section used in this study pro-

vides good probe resolution for the hot-wire messurementsa.
2.4 Hot-wire Instrumentation and A/D Conversion

As mentioned earlier, a crossed hot-wire probe, DISA Type 55P63,
19 used in this experimental study in which the wires are inclined at
T 45° to the flow direction and parallel to the probe axis. The probe
orientstion in the flowfield is illustrated in Figure 7. Each hot-
wire has a separate constant temperature anemometer for complex flow
measurement, A circuit diagram for the DISA 55M01 main frame with a
55M10 standard bridge anemometer is given in Figure 8. To obtain the
turbulence intensities in the axial and radial directions, it is neces-
sary to instantaneously add and gubtract the anemometer voltage outputs.
The adder and subtractor circults were constructed of commercially
available 741 op amps and are shown in Figure 9, The multiplication of
the voltages by a Saicor Model SAI 43 correlation and probability ana-
lyzer will give the shear stress, Because the fluctuating signals are
small, each signal 1is amplified by a Hewlett Packard Amplifier with a
20 dB gain. The frequenéy response of the hot-~wires and the assoclated
electronics is approximately 40 kHz based on square wave response tests.
The use of linearizers was judged unnecessary from experience in the
use of crossed hot-wire anemometry gained previously at Oklahoma State
University by researchers such as Morrison (36) and Swearingen (37).

To increase the acguracy of the meésurements, a microprocessor
with 12-bit analog to digital (A/D) conversion is employed to acquire
the data. A gchenpatic of the hot-wire and data acquisition equipment

layout is shown in Figure 10, Because the A/D ccnverter, an Octogon

SR
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Sys-2, has a maximum input voltage of 2.5 V, the incoming mean voltages
are gstepped down by a factor of four. The rms signals from the adder
and subtractor are changed from AC to DC signals so that the A/D conver-

ter can read them. Accuracy with 12-bit conversion is:

— 2,5V x4 =0,0024 V for mean voltages

2t

-1 x 2.5V =0,006 V for fluctuation voltapges

2121

The sampling rate is 100 per second 1if the milcroprocessor with A/D con-
version is just reading the input signals. In this experimental study,
however, the microprocessor calculates an average of 625 voltages for
each input signal and thus the sémpling is impared to the point of
reading 12 voltages per second. |

A traversing mechanism shown in Figure 11, supports the hot-wire
in the confined jet test facility. The hot-wire probe is inserted
into the flow through a rotary vernier and a base that mounts on the
outgide of the plexiglass tube. With the rotary vernier, it is possi-
ble for the probe to be truversed to any radial position at selected

axial locations.
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CHAPTER TII

EXPERIMENTAL TECHHIQUES AND

DATA REDUCTION
3.1 Experimental Techniques

The hot wires are assumed to obey an extension of King's lLaw. That

is:
E2 = A+ sz + CZ

where A, B and C are constants determined a priori by a calibration

experiment and Z is the effective cooling velocity, Thus for each wire:

2 b
E1 = Al + Blzl + Clz1

2 (1)

&
E," = Ay + ByZ,” + C,Z,

The calibration is accomplished prior to every experiment by plac-
Ing the crossed hot-wire on the free jet centerline within the potential
core reglon. The flow rate through the nozzle and thus the exit velo~
city is varied by an upstream control valve and determined by a rota-
meter. For each rotameter setting, there is a corresponding axial
velocity. Thus the voltage from each of the wires 1s recorded for
each rotameter setting and calibration curves of voltage, E, versus
velocity, U, can then be drawn. These are presented in Figure 12,

If Equation (1) is inverted, the effective cooling velocity on

14
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each wire is obtained,
2 2.0 42
Z, = [(-B1 + (B,° - 4c, (A - E\)) )I(.\l]
= ¢ 2 - E 2% 2
z, = [(-B, + (B," - 4c,(a, - E,))%)/2¢,]

Therefore, with a mzan voltage from wire 1 or 2, the corresponding
velocity can be found. Using the geometry shown in Figure 7, the mean
axial and radial velocities are given respectively by:

2.+ 2

el
1

These velocities are nondimenaionalized with respect to the nozzle exit
velocity, u,e

The instantaneous velczity fluctuations measured from an inclined
hot-wire can be defined by the “‘llowing expression derived by Corrsin

and Uberoi (17):
u v
T onzT v (2)
u u

where A 1s the sensitivity coefficient for axial velocity fluctuation
and Av is the radial velocity fluctuation sensitivity coefficient,
Thege coefficients are evaluated in the following manner:

A ='a 1nE
B3 1nw Rw' ¢ constant

3_1nE

A = - T ———

v o¢ Rw’ 0 constant
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If a crossed hot-wire is used at the orientation shown in Fipure 7, then

equation (2) written for each wire becomes:

-
-

e'=E A 2-4+p a L
1 1 m1 m 1l vl 5
1] |
'= E——-— v—
ey S E A - E, A =
u 2 u

Output from each wire can be instantaneously added and substracted to
obtain:
1
' " o + a_ -
(el te, ) (ElAm EA ) =—+ (ElAv E2Av )

1 2my g 1 2

cl|<

u' v
(e.' -e, ") = (ELA -EA ):—+(EA +EA):-
1 2 1 m, 2 m," 3 1 vy 2 vy 3
The erossed hot-wires are matched so that the semsitivity coefficients
Am and Av are approximately the same for both wires and the overheat

ratios of the wires are set so0 that El = Ez. These simplifications

glve:

t ]
(el * e2 ) m

]
=
tll:

where Dm = (ElAm + E2Am )
1 2
and

(e,' ~ e 'Y =B ;E—
¢ u

= +
where B¢ (Elavl EZAVZ)

Thus, solving for the turbulent velocities

CRRP, Ao 6L 77 )
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- ] t

. u (el + e, )
u i)
m

vy | '

v' = . (%Lgf ®2 )
B
¢

which may be nondimensionalized via
' = ' ™
u /uO (u'/u) (u/uo)
v - ' ~
v /uo (v'/u) CUIIO)

To obtain the appropriate Dm or B, , the sensitivity coefficients

¢

Am and Av need to0 be evaluated. That 1is:

A = a ln'E = E —B-E-
M 31lnu E du
A_ = 3 lnE = }'- EE
v T E 3¢

To determine A and A, 3E1/§G and BEzlﬁa are calculated from the
2

derivative of E with respect to u of Equation (1). Thus,

d E 35 -1
—L o2 [ +BT +CWI
du Bu
=
i} quu + B1
3 2

- - -1
4(A1u + Blu + Clu )

AR, Y
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R g EaTe E‘;ﬁ:

Similarily for wire 2:

ks
332 2C2u + 32
.2 2
4(Au + Byu + Cou)

Therefore, an Aml and Amz can be determined for a certain number.of
velocities and with these, a graph of Dm against velocity can be drawn.
The relationship between Dm and velocity is a linear one and is shown
in Figure 13. Thus any Dm is known within the range of velocities
encountered,

The sensitivity to angulation coefficients Avl and sz are obtain-
ed by positiocning the probe in the X~Z plane of the round free jet and
rotating the probe in 1° fnecrements between +10° and -10° yaw angle to
the free stream flow direction, shown in Figure 14, Both mean voltages
are recorded for each yaw angle ¢ and a linear curve fit is then ap-
plied to each voltage versus ¢. Figure 15 containe examples of these
measurements. Because the wires are matched to a high degree, the
curves intersect at or very near the zero degree point. The slopes of
these plots are 3E1/3¢ and 3E2/3¢. This procedure is repeated at the
same velocities at which the Dm's are calculated. Thus, the sensitivity
coefficients Avl and sz can be determined for each angulation test
velocity. A graph of B¢ against velocity can then be plotted and again
can be approximated by a straight line as 1llustrated in Figure 13.

A cross correlator can be used to determine the major shear com-

ponent of the Reynolds stress temsor in a turbulent shear flow by

multiplication of the voltages proportional to u'/u and v'/u. Thus:
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2

u'v" _ Correlator Qutput u
2 B, . D 2
uo 0] m Uy

From the Honeywell SAI-43A correlator manual:

Correlator Ou.put =-§£¥§%E§l [10(dBA + dBB)/20]

where X 1s the voltage correlation output,
dBaA 1e the attenuation of channel A, and
dBB is the attenuation of channel B.
A factor of (40)2 is introduced because both hot-wire fluctuating signals

are amplified by a gain of 40. Therefore:

STvT _ X(Volts)[10(dBA + dBB)/204 o
2 125 « 1600 - B, » D 2

u ¢ m u
[+ Q

A computer code was designed to accouplish the reduction of the
voltage data from the hot-wires in the technique just discussed. Appen-
dix C contains the User's Guide to the program with sample output listed

in Appendix D,
3.2 Turbulent Viscosity Formulation

While the molecular viscosity is a real property of the fluid, exist-
ing whether the fluid is in motion or at rest, the eddy viscosity requires
some flow of fluld to become effective and is thus not a property of the
fluid but a paramete; of the fiuid motion. This parameter describes the
behavior of the turbulent stresses in terms of the mean~velocity gradi-
ents implying the assumption that the turbulence transport is of the

gradient-type.
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The first~order closure (semi-empirical) methods have been applied
extensively to the calculation of the eddy viscosity. The first techai-
que, according to the Bonseinesq (38) concept, asserts that the eddy
viscosity 18 a scalar quantity (much larger than the laminar viscosity)
that relates turbulent shear stress to the time-mean velocity gradients

via:
v, = =u"vY / (3u/3r + av/dx) ' (3)

and generally varies throughout the flowfield.
Prandtl (39) proposed that the eddy viscosity could be specified in
terms of local parameters: a length scale and the time-mean velocity

gradient. He suggested:
v, =, 1?3
where Cu is a constant and
1 ie the mixing length.

Both methods require that the flow 1s not far from equilibrium and
that the turbulence Reynolds number is high. The near equilibrium as-
sumption has been shown to be approximately correct for a mixing layer
(40) and the Reynolds number at which experiments are conducted in this
pregent study are sufficiently large,

In the present study, measured turbulent shear stress and time-
mean velocity gradients are used to deduce values of eddy viscosity via
the Boussinesq concept., Because the magnitude of the mean radial

velocity v is small compared to the mean axial velocity E,Equatiou (3)

becomes:

|
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Ut = gty / du/dr

where u'v' is the turbulent Reynolds stress and du/dr is evaluated by
finite difference techniques, Thus,

Su/dr =—i? Gj-l-l - 'Jj) for j = 1

Ju/ar = I s

2Ar (uj+1 - uj—l) for jmax>j>l

- 1 -
30/ dr = —p= (33 - ) for j =4

From inverse analysis of experimental time-mean measurements, Hinze
(2) states that the turbulent viscosity in a round free jet is approxi-
mately corstant in the central part of the fully-developed region and

given by the relation:
v, =0,00196 X u d
t ]

where K is8 a parameter between 5.4 and 6.39. The latter value is used
in agreement with earlier measurements (41). In the free jet, a non-

dimensionalized turbulent viscosity vt* given by:
* =
v, vt/(6.39 u d)

should approach the value of 0,00196 in the fully-developed region,
Later resulta will confirm this., In the confined jet, the simple normali-

zation
*
v =V /(u d)

is used to be consistent with on-going theoretical studies (42), Its




value, corresponding to 0.00196 in the free jet, is 0,0125. Later de-

duced values will be seen to be below this in low shear regions and

above this in high shear regions,

22
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CHAPTER 1V
RESULTS AND DISCUSSION
4.1 Mpasurement Procedures

Nongwirling nonreacting free and confined jet flows, with coordinate
systems shown in Figure 16, are investigated by the use of a crossed
hot-wire to measure mean velocities u and'V, fluctuating velocities u'

and v', and Reynolds stress u'v'. The preceeding quantities are normali-

zed with the nozzle uniform axial exit velocity u,, determined with the
probe from an independent measurement at the nozzle exit face. Radial
distribution of turbulent ‘scosity is also deduced. The Reynolds num-
bers c¢f the flows under investigation are high enough to ensure that the
results are in the Reynolds number independent regime.

Prior to any measurements, the crossed hot-wire probes were cali~
brated in the free jet facility as described in Section 3.1l. The
voltage divider box and A/D converter were also calibrated by use of
a voltage standard. This wags to check that no 'drifting' of the elec-
troniecs had occurred,

Meagurements were made in a free jet at axial locations of x/d of
1, 6, 10, and 20. Because published data exits for the free jet using
hot-wire anemometry, it was used to validate the experimental procedure
and data reduction discussed in Chapter III since little published data
is available for confined jet flowfields using the present method and

test section geometry. The results are compared with those of Sami et

23
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al, (24), These results in tabular form are contained in Table I,
Appendix A,

Measuremente were also made in a model of an axisymmetric can com-
bustor (confined jet test section) with an expansion ratiec D/d=2, an
expansion angle o of 90° and axial location increments of 0.5 chamber
diameters. The axial location of zero is actually 1 mm downstream of
tte enlargement face so as to prevent the hot-wire probe from damage.
Comparable are measurements by Chaturvedi (33) and Jackson and Lilley
(34). A single hot-wire multi-orientation technique was used by Jackson
and Lilley (34) in the same test facility. Table II consists of flow~
field data for the confined jet without contraction nozzle., Also, a
confined jet flowfield was investigated with a contraction nozzle of an
area ratio of 4 located at L/D=2. The data for this flowfield is con-
tained in Table III, This nozzle, mentioned earlier, has a 45° slope
facing upstream. Time-mean flowfield data for this configuration have
been presented previously by Yoon and Lilley (43), using a five-hole

pitot probe technique,
4,2 TFree Jet Results

4,2,1 Mean Velocities

Pregented in Figure 17 are i.easurements of time-mean axial velocity
o and radial velocity';. These results indicate that the present jet
is similar but slightly narrower than the one used by Sami et al. (24).
The comparability of the jets also Indicates that the experimental
techniques and data reduction are sound for time~mean axial velocity
but the time-mean radial velocity distribution shows large scatter in-

dicating a slight error in the data reduction or experimental techniques.
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4,2.,2 Turbulence Intensities

Figure 18 shows the radial distribution of axial and radial turbu-
lence intensities. Falr agreement with Sami et al. (24) can be seen in
u'rms/uo' The values measured here tend to be lower than those pre-
sented by Sami et al, (24) although the trends are alike, This can be
explained by the difficulty in measuring turbulent, low speed flows,
Sami et al, did not present v'm8 data. However, they asserted that
u'rms =2 v'rms' This relationship is found to be approximately true
in the present study. Moving further downstream, the distribution of

the turbulence Intensities become less pointed and more flat, This

indicates that the turbulence levels are spreading laterally.
4.2.3 Shear Stress

The plots depicting the turbulen*t shear stress are shown in Figure
19, Again, fair agreement with Sami et al. (24) is to be noted. The
shear stress is the most difficult to experimentally measure. This
probably accounts for the slightly higher peak as compared with Sami et
al, (24) at x/d=6. As before in the plots of the normal stresses,
Figure 19 shows the dissipation of turbulence throughout the flowfield.
The radial distributions of normal and shear stress alsc indicate that
the present jet is thinner than the one uged by Sami et al. and that
the nozzle is of slightly different design causing variations in the

stresses ag compared to the present study,

4,2.,4 Turbulent Viscosity

The radial distyribution of turbulent viscosity calculated from the
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shear stcress and axial velocity gradient is shown in Figure 20. As
can be seen, the turbulent viscosity grows from a epikey, small magni-
tude profile to one with a larger magnitude and flat appearance. This
flat type of distribution with a magnitude of 0.00196 is deduced by
Hinze (2) wvhen in the gimilarity region, The large scatter of the
turbulent viscosity at x/d=10 and 20 is due to the high sensitivity of

vt to a change in the time-mean axial velocity,
4,3 Confined Jet Results

4.3,1 Mean Velocity

Figure 2] shows measured values of time~mean axial and radial velo-
cities. A nearly flat axial velocity profile is seen at the entrance
of the test section. Comparisonsg of the time-mean axial velocity with
Chaturvedi (33) and Jackson and Lilley (34) show good agreement except
in the expected region of recirculation., This is due to two reasons:

although a hot-wire anemometer cannot sense flow direction, Chaturvedi

{33) and Jackson and Lilley (34) plotted some negative values of time-

mean axial velocity by deducing direction from earlier pitot probe data
and because of the "L" shaped probe design (see Figure 14) the hot-wires
are hidden from the recirculating flow by the probe supporte, Because
the time-wean radial velocity is calculated from the subtraction of two
large quantities praducing a small number, the profiles shown in Figure
21 are almost zero at all axial locations, Bruun (44) states that velo-
cities determined by a crossed hot-wire probe have a very strong yaw
dependence, particularly V. This also may account for the error in the
time-mean radial velocity. Thus, the experimental technique is not

adequate for these measurements.
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nozzle at L/D=2 are presented in Figure 25.

The time-mean velocities in the confined jet with the contraction

The profiles show that the
traction nozzle, as also found elsewhere (34,43).

regults change very little from the identical flowfield without a con-
4,3,2 Turbulence Intensities

Inspection of the radial distributlons of u' S/u and v'

fu dis-
rm ms o
played in Figure 22 shows similar trends to those found earlier (33, 34).

o]
The axial turbulence intensity values are lower than previous measure~

ments, but the radial turbulence intensity values are in good agreement,

lating and nonrecirculating flow.

The axial turbulence intensity is slightly larger than the corresponding
radial quantity with maximum values on the shear layer between recircu-

Figure 22 also shows that the radial
turbulence intengity is damped to a higher degree than the axial turbu-~

lence intensity by the presence of the test facility tube wall.

Figure 26 presents turbulence intensities with the contraction

s

ST

nozzle and shows little change from the non~-contracted counterpart,
4,3,3 Shear Stress

AL TSSO

Shown in Figure 23 is the radial distribution of turbulent shear
profiles.

stress. AS can be geen, Chaturvedi's (33) data indicates lower values
of shear stress than the present study.

i
3
Also, results are similar to
field.

Jackson and Lilley's (34) with the present measurements having smoother

The shear layer, which is very thin at the entrance to the

test section, grows quickly to encompass a large amount of the flow-

All shear stress values are plotted as positive, although in
the vicinity of the recirculation zone, the gradient of the time-mean

]
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axial velocity in the radial direction might be positive, inferring
negative values of u'v'.

Turbulent shear stress profiles of the confined jet flowfield with
contraction nozzle in place are presented in Figure 27. Like the normal
stresses, there is insufficient change with respect to the flowfield

without the contraction nozzle to warrant any new discussion,
4.3.4 Turbulent Viscosity

Figure 24 shows the radial distribution of turbulent viscosity.
As shown, the turbulent viscosity grows in magnitude while progressing
downstream with large peaks near the centerline {r/b =0) from 1,0 until
2,5 diameters, Here the peak reduces because the mean velocity gradi~
ent near the centerline has increased. Although the change in mean
axlal velocity is little at small radial and axial positions, the peak
is not seen since the shear stresa is correspondingly small. The peaks
in the vicinity of v/D = 0.25 at axial locations of 0.5 and 1.0 give
an indication of the position c¢f the recirculation zone. The expected
free jet turbulent viscosity of 0.00196 cor.esponds to 0.5 on the hori-
zontal axis., As can be seen, the values of viscogity are lower than
this expected value in the low shear reglons and larger in high shear
repions. It must be noted that the turbulent viscosity is the most
difficult of all the turbulence quantities presented to ascertain.

The radial distribution of turbulent vigcosity in the confined
Jet with contraction nozzle is presented in Figure 28. As before,
the results indicate that the contraction nozzle effects little

change.,




CHAPTER V
CLOSIRE
5.1 Summary and Conclusions

A crossed hot-wire probe has been employed to measure the time-mean
and fluctuating velocities and shear stress in nonswirling nonreacting
free and confined jet flows. The turbulent viscosity is also calculated
from these results.

The free jet investigatién wag used to validate the experimental
technique and data reduction. The results of the free jet measurements
show good comparison with available data,

Meagurements were also made in a model of an axisymmetric can com
bustor (confined jet test s¢-tion) with an expansion ratic D/d=2, an
expanaion angle, o of 90° and axial location increments of 0.5 diameters.
A contraction nozzle wae located at L/D=2 for some of the confined jet
measurements. Good agreement with previous workers is to be noted. The
confined jet investigation shows that the crossed hot-wire probe cannot
accurately measure recirculating flow without prior direction knowledge,
and that the experimental technique is inadequate for deduction of the
time-mean radial velocity. The crossed hot-wire technique should give
more accurate results of the turbulent shear stress and thus turbulent
vigcosity than a multi-orientation single-wire technique. Smoother

profiles for turbulent shear stress are seen in the present study than I
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in the previous single-wire study. Faster development of velocitv pro-
files, higher values of turbulence quantities, and larger time-mean
radial velocities produced by the recirculation zone are the effects

of confining the free jet. Also, time-mean and turbulence characteris-
tics with the contraction nozzle at L/D=2 ghow little change from that
of the corresponding flowfield without a contraction nozzle. This is
probably due to the high time-mean axial velocity pushing the effects

of the contraction nozzle downstream.
5.2 Recommendations for Further Work

Work continuing with the crossed hot-wire should concentrate on
deriving a new method to determine the time-mean radial velocity and
the yaw dzpendence factor. Also, a new crossed hot-wire probe with a
different geometry or rotating the probe 180 degrees in recirculation
regions might allieviate the flow reversal insensitivity problem. If
the probe could be set on the main streamline at a particular location,
all turbulenc: quantities with respect to the probe could be found
assuming that the probe could be rotated. Then appropriate coordinate
transformations could relate the quantities in the probe coordinate

frame to quantities in the facility coordinate frame,
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TABLE I
% FREE JET FLOWFIELD DATA :
|
: x/d i
E r/r, 1 6 10 20 !
f 0 1.01100  0.95400  0.64800  0.32700 |
‘, 0.1 1.01300 0.94400 0.32300
‘« 0.2 1.01400 0.92700 0.63600 0.31600 ;
0.3 1.01500 0.90100
: 0.4 1.01100 0.87600 0.60000 0. 30600
0.5 1.00900 0.83600
1 0.6 0.99800 0.79500 0.55700 0.30600
! 0.7 0.96900 0.73900
0.8 0.87600  0.69400  0.51000  0.30000
E 0.9  0.72000  0.64100  0.49600
% 1.0 0.52300  0.59200  0.47100  0.26600 ]
1.1 0.36200  , 0.52400 0.44400
! 1.2 0.21200 0.47000 0.42500 0.27300 i
| 1.3 0.13500  0.43400
f 1.4 0.08100 0.40400 0.37000 0.24100
1.5 0.05500 0.31600
1.6 0.29200 0.31900 0.22700 ]
1.7 0.30500 ;
1.8 0.25200  0.27900 0.21300 :
1.9 0.21200 ;
| 2.0 0.16700  0.23600  0.20700 |
| 2.2 0.20400  0.20900
2.4 0.17300 0.17100
2.6 0.14600 0.16500
N 2.8 0.14600
3.0 0.13700
| _
(a) u/uo




TABLE I (Continued)

r/xr

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1

1.2~

1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.2
2.4
2.6
2.8
3.0

H

-0.01000
-0.00800
-0.00300
-0.00100
~0.00600
0.00200
0.00700
0.01500
0.02000
0.02400
0.01000
0.00000
~0.01800
-0.01700

-0.01400

-0.01100

(b) ;yuo

6

-0.00700
-0.00400
0.00000
-0.00100
0.00800
0.01400
0.02900
0.01000
0.01200
0.02100
0.01700
0.00600
0.00900
0.01400
0.02600
0.01300
0.00100
0.00700
0.01400
0.00500
-0.00500

1o
-0.00100

0.00500
0,00800
0.01700
0.00500
0.00900
0.01300
0.00700
0.00400
0.00800
-0.00100
0.00400
0.00400
0.00200

0.00300
-0.00500

20
-0.00500

0.00900
-0.00400
0.00600
0.00600
0.01000
~0.00300
0.00100
-0.00600
-0.01000
0.00000
-0.00300
0.00000
0.00000
-0,00300

-0.00100
0.00000



TABLE I (Continued)

x/d

r/rb 1 6 10 20

0 0.02000 0.09100 0.11600 0.06400
0.1 0.02100 0.09000 0.06400
0.2 0.02400 0.09500 0.11700 0.06300
0.3 0.02700 0.10000

0.4 0.03300 0.11600 0.11600 0.06200
0.5 0.04200 0.12000 -

0.6 0.05700 £.12600 0.11400 0.06200
0.7 0.08100 0.12900

0.8 0.11400 0.13300 0.10800 0.06300
0.9 0.13800 0.13007 0.10800

1.0 0.12600 0.12600 0.10600 0.05700
1.1 0.09800 0.12100 0.10100

1.2 0.06000 0.11400 0.10000 0.05700
1.3 0.03800 0.10700

1.4 0.01900 0.10100 0.09000 0.05200
1.5 0.00900 0.08500

1.6 0.07900 0.08100 0.05100
1.7 0.08000

1.8 0.06900 0.07200 0.04900
1.9 0.06100 '

2.0 0.04700 0.06200 0.04500
2,2 0.05400 0.04500
2.4 0.04600 0.03900
2.6 0.03900 0.03800
2.8 0.03300
3.0 0.03000

. i (c) uim/u




TABLE I (Continued)

r/r
/O

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.2
2.4
2.6
2.8
3.0

(d) v*

1

0.00800
0.01000
0.01100
0.01600
0.02100
0.03000
0.04400
0.07200
0.10500
0.12800
0.11900
0.09100
0.05200
0.02900
0.01300
0.00700

/u
rms ©

6

0.06500
0.06500
0.06800
0.07200
0.07700
0.08200
0.08700
0.08900
0.09200
0.09200
0.09100
0.08900
0.08400
0.08100
0.07600
0.06200
0.05900
0.06000
0.05100
0.04200
0.03300

x/d

10
0.08800

0.09000
0.08700
0.08700
0.08200
0.08300
0.08000
0.07900
0.07600
0.06900
0.06100
0.05500
0.04700
0.04000

0.03300
0.02700

20
0.05100

0.04900
0.05000
0. 0400
0.04700
0.04800
0.04500
0.04500
0.04100
0.03900
0.03600
0.03500
0.03500
0.02900
0.02800

0.02500
£.02300
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TABLE I (Continued)

x/d

r/ro 1 6 10 20

0 0.00000 0.00000 0.00097 0.00115
0.1 0.00000 0.00000 0.00092
0.2 0.00000 0.00000 0.00418 0.00158
0.3 0.00000 0.00338

0.4 0.00000 0.00539 0.00590 0.00166
0.5 0.00000 0.00852

0.6 0.00000 0.01071 0.00689 0.00143
0.7 0.00093 0.01143

0.8 0.01115 0.01163 0.00696 0.00207
0.9 0.01296 0.01067 0.00692

1.0 0.0089%6 0.00962 0.00671 0.00229
1.1 0.00477 0.00831 0.00615

1.2 0.00155 0.007060 0.00598 0.00190
1.3 0.00042 0.0059%

1.4 0.00003 0.00518 0.00487 0.00194
1.5 0.00000 0.00376

1.6 0.00326 0.00383 0.00191
1.7 0.00342

1.2 0.00249 0.00306 0.00173
1.9 0.00181

2.0 0.00111 0.00228 0.00151
2.2 0.00172 0.00157
L4 0.00100 0.00121
2.6 0.00087 0.00111
2.8 0.00085
3.0 0.00075

(e) u'v'/uo2



TABLE 1 (Continued)

it AR BN

x/d

r/rb 1 6 10 20
0 0.00000 0.00000 0.00084 0.00227
0.1 0.00000 0.00000 0.00132
0.2 0.00000 0.00000 0.00234 0.00219
0.3 0.00000 0.00104
0.4 0.00000 0.00130 0.00207 0.00520
0.5 ~0.00000 0.00165
0.6 0.00000 0.00173 0.00248 0.00743
0.7 0.00014 0.00177

0.8 0.00073 0.00186 0.00303 0.00162
0.9 0.00056 0.00164 0.00230

1.0 0.00036 0.00129 0.00210 0.00266
1.1 0.00022 0.00107 0.00260

1.2 0.00010 0.00122 0.00187 0.00475
1.3 0.00005 0.00141

1.4 0.00001 0.00069 0.00151 0.00132
1.5 0.00000 0.00053

1.6 0.00463 0.00138 0.00213
1.7 0.00134

1.8 0.00036 0.00109 0.00271
1.9 0.00033

2.0 0.00019 0.00098 0.01177
2.2 0.00087 0.00136
2.4 0.00060 0.00139
2.6 0.00137 0.00070
2.8 0.00095
3.0 0.00131
(£) v *




ORIGINAL PACE 8
OF POOR QUALITY

TABLE II

CONFINED JET FLOWFIELD DATA

x/D
R/D 0.0 0.5 1.0 1.5 2.0 2.5
0.47500 0. 13000 0. 10400 0. 15300 0. 15800 0. 17100 0. 17900
0.45000 0.14900 0.11100 0. 15600 0. 16500 0. 20000 0. 18600
0.42500 0. 15800 C. 11200 0. 16700 0.17700 0.21700 0.20800
. 0.40000 0.17700 0. 11600 0. 18900 0.19300 0.24100 0. 22100
0.37500 0.17700 0.11800 0.22000 0.21600 0.26500 0.25000
0. 35000 0. 18000 0. 12900 0.26400 0.25400 0.29400 0.27000
0.32500 0. 18500 0.16100 0.32500 0.28500 0.34500 0. 29400
0. 30000 0. 18800 0.23000 0.40400 0.34900 0.37000 0.32500
©.27500 0. 19300 0. 39000 0.52000 0.41800 0.43300 0. 35600
0. 25000 1.07000 0.§3000 0.65100 0.47500 0.49800 0. 29900
‘ 0.22500 1.02100 ©. 88500 0.76400 0.55100 0.53700 0 42700
0 .20000 1.00800 0.97700 0.85500 0.62600 2 .59800 0.44900
0. 17500 1.00800 0.99400 0.91200 0.70600 0. 65900 0. 48100
0. 15000 t.00200 0. 98900 0.95000 0.7730Q0 0.70600 0.51400
©. 12500 0.89800 ©.98900 0.96400 0.B82900 0.75500 0.54800
0. 10000 t.00000 0.98500 0.87000 0.B620C 0. 78800 0.56300
0.07500 0.99700 0.99100 0.97200 0,87600 0.82400 0 .58500
0.05000 0.99700 0.98300 0.98100 0.88800 0.84200 0.59600
0.02500 1.00000 0.988500 0.98100 0.89400 0.84900 ©.62200
0 0.97800 0.90000 0.B&O00 0.63200

- 00000 1.00000 1,00000

&a) E/uo




ORIGINAL PR 5
OF POOR QUALITY

TABLE II (Continued)

x/D
R/D 0.0 0.5 1.0 1.5 2.0 2.5
0. 47500 0.01200 0. 00000 0.01000 0.00500 0.00600 0.00800
0. 45000 0.00800 0.00300 0.00800 0.00700 ©.01500 0.00800
4 0. 42500 0.00300 0.00200 0.00B00 0.01100 0.02100 0 01200
! 0. 40000 0.00500 0.00500 0.01800 0.02000 0.01600 0.01800
| 0.37500 0.00300 0.00900 0.01300 0.01400 0.02500 0.01500
0.35000 0.00700 0.00600 0.02100 0.02200 ".02100 0.01800
0.32500 0.00500 0.00600 0.02100 0.02400 0.02200 0.01400
' 0.30000 0.00200 0.00800 0.01600 0.02600 0.02400 0.02750
0.27500 0.00600 0.01800 0.02500 0.03100 €.03700 0.02300
: 0.25000 0.00300 0.01700 0.01400 0.02200 0.03800 0.01500
! 0.22500 0.00800 0.01100 0. 01000 0.02100 0.02900 0.02500
0.20000 0.00500 0.00100 0.00100 0. 00600 0.03400 0.02800
0. 17500 0.01400 0.01200 0.00300 0.C0700 0.02500 0.01700
0. 15000 0.02000 0.02100 0.01100 ©.00500 0.02300 0 o110C
0.12500 0.02600 0.02100 0.01600 0.00200 0.01700 0.00700
0. 10000 0.03000 0.02800 0.02800 0.01300 0.01300 0. 00300
0.07500 0.02800 ©.03500 0.03000 0.01900 0.01300 0.00100
0.05000 0.03300 ©.03700 0.03900 0.01800 0.00300 0.00700
; 0.02500 0,03000 0704400 0.03300 0.02100 0.00800 0.00200
{ 0. 00000 0.03000 0.04400 0.03600 0.02400 0.00400 0.01000

by v/ u,
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TABLE 1I (Continued)

R/D 0.0
0.47500  0.02700
0.45000  ©0.03000
0.42500  0.03300
0.40000  ©.03700
0.37500  0.03700
0.35000  ©0.52900
0.32500  0.03900
0.30000  0.02800
0.27500  0.03900
0.25000  0.01400
0.22500  ©.01000
0.20000  ©.01000
0.17500  0.01000
0.15000  0.00900
0.12500  0.01000
0.10000  ©.00900
0.07500  ©0.01000
0.05000  ©.00900
0.02600  0.01000
0.00000  0.01000
(e) u'__ /u

ms o

o C o o o 0 0 0 0o o C e 0 O ¢ O o 0 O Q9

02600
.02700
.02800
.02800
-03000
.03400
.04400
06300
. 10000
. 13000
. 10200
.05600
.03100
.02200
01700
01400
01400
.01200
.01200

.01200

Xx/D

o o 0o O 2 0o 0o g O Q0 o 0 0 90 0o 9O 0 0o o O

1.0

.Q4200
.04400
.04700
.05300
. 06200
.07300
. 08800
. 10200
. 11800
13300
. 12500
.09900

. 08000

.06 100

.05000
. 04000
03700
.03300
.03300

03100

O o O 0 o O O © O o0 © < o O 2o o g 9 90 9

.04500
.04700
.05 100
. 05600
.06300
.Q7200
-08000
.Q9400
. 10800
. 11900
. 12700
. 12900
. 12800
. 11200
. 10100
.Q8700
.Q7400
.D6900
.06800

. 06600

O O o & O o © o 0O o 2o o 0 O o 0 g ¢ o o

04900 -
. 05400
.059C0
.Q6500
07220
.07800
.09100
.09800
. 10600
. 11800
. 12400
. 13400
. 13700
. 13400
. 13000
. 12100
11500
. 10500
.093900

.Q9400

D o o O 0 © O 0o O 0o O O 5 O O 0 O @ O O

.01900

05100

05600
. 06000
.06700
.07300
.07800
.OBA00
.08100
. 10200
. 10600
. 11000
. 11500
12100
. 12700
. 12600

. 12500

12400

. 12900

. 12600
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TABLE II (Continued)

R/D

.47500
. 45000
.42500
. 40000
.37500
. 35000
.32500
. 30000
.27500
. 25000
. 22500
. 20000
- 17500
- 15000
. 12800
- 10000
.07500
. 05060
.02500

O O 0O o 0 Q0 Q ©C 0 0 Q0 0 O 0 Qo O 0 0o o0 o0

.00000

(d) +'

0.0

0.01200
0.01300
0.01500
0.01600
0.01700
©.01700
0.01800
0.01700
0.01600
©.00800
G.00600
0.00700
©.00600
0.00700
0.00600
0.00600
0.00600
0.,00600
0.00600
0.00700

u
me/ o

c 0O 0 0o o o o o 0 o 0o 0O 0 O o O 0o 0O o o

0.5

.01300
.01600
01700
-01800
.01900
.Q2300
03200
. 05000
.0B200
. 10000
. Q7900
.04300
. 02400
01500
.01100
.00800
-Q0700
.00700
. Q0700
00700

X/D

0O O ©O O O

g O O 0O O 0o 0O O O O O 9 o O

t.0

02800
.03100
.CI607
. 04000
.04800
©. 08800
07000
.08300
-08500
09700
. 08000
.070.00
. 05400
.04200
03100
02500
.02200
.01900
.01600

.01800

O 0O 0O O © O 0O 0o 0 0o 0o O Q0 O 0o 0O o o 0o ©

.02800
.03200
03600
04100
.04700
05600
.06200
.07400
.0B400
. 08000
.09300
. 00920
.08800
Rel:lelels)
- 08900
06000
.05300
.04600
.04400

04400

o o O O Q

™~
o

C o © O O 0o 0o Qo O 0 0o 9 O o

.02800
.03600
04200
. 04800
08500
.06200
07200
.07800
.08900
.08700
10100
. 10300
10400
. 10200
. 09600
.08800
.08300
07800
. Q7300

07200

s

. o 2 Q0 2 Q O 0O 0O o O o ¢Cc 0 o ¢ o O 0

.03000
. 03600
.04300
. 04800

05400

06000

.06400
.07200
07800
. 08400
. Q8700
.Q8000
.09400
. 089500
. 09500
.09600
. 09500
.089300
. 08600

09700

45
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TABLE II (Continued)

R/D

. 47500
. 45000
.42500
. 40000
. 37500
.3A5000
. 32500
. 30000
.27500

©
o
0
o
(3]
0
0
o
Q
0.25000
0.22500
©.20000
Q. 17500
0. 15000
0.12500
0. 10000
0.07500
©.05000
0.02500
o

.Q0Qo0

. 0 0O 0 0O 0 0 0 O 0 0 0 0 o o 0 O Q0 o Q

. 00000
. 00000
.00002
. 00000
L0000
.00003
. 00007
L00010
00117
.00112
. 00029
.00013
.Q0011
. 00007
.0CQ0?
. 00006
. 00006
. 00005
. 00002
. 00002

(e) u'v'luo2

. Q0000
. 00002
.00004
00008
Q0010
.ooo21
-Q0063
00154
.00513
01282
.01703
.00239
.Q0004
. 00004
. Q00086
. 00007
. 00008

. 00006

Q Q© © ©C Q0 ¢ o 0 0 © 0 Q0 0 0 0o o 0 0 Q

00007

0.00011

X/D

C 0O ¢ O 0O 0O 0o O 0 O 0o ¢ L v o g 0O 0o o °

1.0

. 00029
.00033

. 00043

00063

.QotQ0
.00161
.Qo278
.00486
.O0A39
.01272
.01582
.01443
01021
.00%39
Melelsr]=)
. 00032
.00036
. Q0041
.000%4

. 00073

0.00025
0.00032
0.00038
0.00055
0.00084
0.00126
¢.00183
0.00312
0.00466
0.00645
0.00879
0.01134
©.01308
0.01353
0.01226
0.00948
0.00769
0.00551
0.00499

Q.00487

o o ¢ o O 0o O o O g 0 0 o O o o v O 0o 0

.00033
.00054
. Q0070
.00104
00142
.00 197
.00284
.00376
.OUS21
.00684
. 00850
.01038
01210
.01330
.C1410
.01367
.01256%5
o129
.00942

.00792

2 0 0O O © ©o O O o 0 0o 0 0 o o o o ¢ Qo o

. 00045
. 00049
.00072
.00083
.00136
00172
.00216
.00aB 1
.Q0335
. 00431
. 00484
Q0927
00957
.0059%
.Q0631
00630
.Q0547
.Q0458
.Q0374

.Q0z282
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TABLE II (Continued)

R/D

L4TS00
.45000
. 425900
. 40000
L 37500
. 35000
. 32800
. 30000
.27500
. 25000
. 22500
. 20000
. 17500
. 15000
. 12500
. 10000
.07500
.05000
.02500

o 9O o o 9o 0O 9O 0 ¢ o 9o o 90 0 0o o 0o 9 4 ¢C

.QC000

(£) v *

0.0

0.00000
G.u2NNC
0.00001
©.00003
©Q.00034
0.00038
0.00083
0.00097
Q.00014
0.00012
©.00047
0.00107
0.00181
©.00079
Q.00348
0.00304
0.00154
0.00099
0.00000
0.00000

0O 0 00D O 0O 0O C C O O 0 O O ¢c 0 o 0 o O

. 00001
.00042
.0008e3
00157
.00074
.00049
. 00063
.00068
.00129
. 00256
.00495
00221
00034
.00081
- 00000
. Q0351
.00191
.00159
.00107
- 00000

X/D

c o 0o C 0o 0 O o O 0o O 0 ¢ 0 o0 o o o o O

t.0

. QG490
.00239
Ml Rl
00120
.00134
.C015%
. 00200
. 002851
.00342
.00525
.00782
00983
.01083
.01045
.00282
. 00397
.00333
00465
.Q1823

. 00000

g 0 o 0O o 0 0 o0 0 0o 0 0o 0 0O o 0 O O o ©

.00182
.00169
.00135
.00143
00138
.00184
00194
.00237
Q0373
.00489
.QQEBT
.00738
.00Ba7
.01109
.013886
. 02031
LO2985
.Q3087
.04191
.00000

c 2 909 0 0o 0O 0 o O 0 0o o O O 0o o o O O O

. 00058
.00t1t8
00172
.00219
.00270
.00248
.00317
.00431
.00441
00672
.00786
.00BS7
01129
.01396
.01734
01997
.02343
.04526
08261

LQ0030

Q 0O D ¢ o 0O O 92 Q0 D0 L o Q 0O Q0 9 0 O 2 0

.00326
00172
.00207
.00224
.00279
0395
.00397
00497
.00455
00612
.00976
.00983

.00864

00R96

01299
01716
.01670
.01250
.01047

- 00000
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CONFINED JET WITH CONTRACTION

TABLE III

NOZZLE FLOWFIELD DATA

R/D

.
0.
0.

0O O 0 0o O 0o 0O O 9 O Q9 O o O o 0o o

47500
45000

42500

- 40000
.37500
. 35000
. 32500
. 30000
.27500
- 25000
. 22500
. 20000
. 17500
. 15000
. 12500
. 10000
.07500
. 05000
02500
- QD000

(a) ufu

- 0 O O O o O 0O o O 0

o O © 0 0 0O O 0O O

0.0

. 16700
. 16500
. 16600
. 18400
. 19500
. 19400
. 20300
.21400
. 21000
. 20700
. 02400
. 99600
.99300
. 98300
. 98400
.98700
.9BBOO
.99100
. 98800

. 99700

 © o o o ©Q 0O o o o O 0O 0O 0o 0o 0 0 0 o

-

0.5

10100
. 10400
. 10700
- 11000
12000
. 13900
- 18000
.29100
. 45600
. 71400
.91800
.98700
-99000
.99300
.99300
.89300
. 98600
.98400
.99800
. 00000

X/D

Q 0O o 0 0 0O 2 0 2 o Qo 0O 0o Q o O o o0 o ©

1.0

. 15400
. 16400
. 17100
. 18900
.22820
.27300
.32800
. 40300
.51300
.63100
. 75100
. 85000
.92300
. 95800
.97800
.9B600
. 98900
.98900
.99600

.89100

0O 0 O O 0O 0o v Q O o 0 ¢ o 0O 0 0O 0o o O o0

1.5

. 18700
19600
.214C0
.23800
. 27200
. 30500
.3%100
.42500
. 920400
.B7600
. 64500
.T3700
. 78800
.83800
.B7200
. 89400
. 90600
. 82000
.92600

-82600

o ° QO 0o 9 o 0 QO 0 0O O 0 9O 0 o ¢ 0 o < 0

2.0

. 22600
22700
. 24100
. 25700
.28300
31400
. 36000
. 41300
.47400
.52300
-58000
.61800
.B87600
.T3300
. 76600
. 79800
- 80900
.82500
.83500

.84000
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TABLE IIT (Continued)

R/D

0.47500
0.45000
0.42500
0. 40000
0.37500
0.35000
Q.32500
0.30%0
0.27500
©.25000
0.22500
0.20000
0. 17800
Q. 15000
0. 12500
Q. 10000
0.07500
0.05C00
0.02500
©.00000

(b) v/u
0

0.0
0.00200
©.00200
0.00200
0.00400
0.00400
0.00700
©.00800
©.00400
0.00200
0Q.00800
0.01200
0.00600
0.02100
0.02700
0.03600
©.04300
0.04500
0.04800
0.04500
0.,04€00

©c ¢ 0 0o O O O O O O o g o 0o O ¢ O O O o

0.5

.00800
.0Q700
. 00800
- Q0800
.00300
.00100
. Q0000
. Q0800
.00700
.005C0
00700
.01500
.02400
. Q3000
03400

Reki:[dls)

04500

.04300

04500

.04600

%/D

D o 0O ¢ o 0 Q0 0 0 0o o o 0o o o O

[

[= T & B

1.0

. 00700
.Q0BOC
. 00600
. 00200
00400
. 00500
.0o8co
. Q0800
.01500
.01700
.00300
LO1100
.01000
. 02000
.Q2700
.03200
.C3800
.04700
. 04500
.05400

o 0O Q0 Q0 o o o O o o 0O 0o o 0 O o o 0o o O

1.9

.00800
.008Q0
.01400
.02700
.01500
.Q2200
.03800
.Q3100
.02900
.03600
.02900
.02400
.Q0700
01000
. 00000
. 00800
.00400
.01B80Q0
.02500
. 02500

o 0 9 o 2 Q0O 0o o0 o 0 Qe £ 0 0 0 g 0O 0o 0

2.0

-00900
. 00200
L0110

L01600
.QtBO0O
01700
02000
.01400
.01200
.00800
. 00500
. 00900
.00300
.01100
L01300
. 00800
. 00200
.0t400
.11200

.022Q0
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TABLE III (Continued)

R/D

. 47500
-45000
. 42500
. 40000
. 37500
. 35000
. 32600
. 30000
. 27500
. 25000
. 22500
. 20000
LATS00
. 18000
. 12500
. 10000
.07500
.Q5000
.02500

o 0 © g © O 0 O 0o 0O 0 O o v 0 o o Q o O

- Q0000

(c) u'

0.0
0.02900
0.03100
Q.03100
C. 03600
Q.0Q3800
0.03800
©.0Q3300
0.04100
0.041G0
C.03100
0.01300
0.01200
0.04200
C.01300
0.01200
0.01300
0.01200
Q.01300
0.01200
0.01300

{u

rms ©

0.8
Q.02300
0.02300
¢.02400
0.02500
0.02900
Q.03500
0.05000
0.07800
Q. 11500
0. t4000
Q. 10000
0.0%800
0.025C0
©.02500
0.02000
0,01800
0.01700
Q.01600
©.01500
0.01600

%/0

o O © 0o 0O 0O 0 0 0O 0 0 O o CcC Q Q0 O T O ©

t.0
.03900
.04300
.04400
05100
. 06000
.O7100

. 08300

- 09200 -

11900

. 13600

. 13300

. 12100

. 048500
.07600
. 08000
.05100
.Dasc00
.04300
. 03200

.03700

O 0O 0 Q0 0 0 0 O 0 0 0 60 0 o o D 0 0 o o

1.9

.05200
. 05400
. 06000

06700

Q7500
. 08200
. 09500
L1000
. 12300
. 13800
. 13800
. 14400
. 12600
11400
.08900
.0B400
.07800
.Q7000
.Q6600
06400

© 0O O 0 0 0o O 0o <o O Q0o O 0 0 © 0 0o ¢ o ©

2.0

.06500
06700
. 06900
.00730
. 08300
.QBTOO
L08700
. 10800
. 12000
. 12700
- 13400
. 13600
. Y3500
. 13400
. 12600
. 12300
11300
11200

10700

. 10800
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TABLE III (Continued)

R/D

0.
0.

0O 0 O O 0 0 0O 0 0O 0 0O O o O O O 0

(d) +'

47500
45000

. 42500
. 40000
. 37500
. 34000
.32%00
. 30000
L 27500
. 26000
.22500
. 20000
. 17800
. 15000
. 12500
- 10000
078500
.05000
. 02500

. Q0000

0.0
0.01200
0.01300
0.01300
0.01500
0.01500
0.01500
0.01600
0.01600
0.01400
0.00800
©.00700
0. 00600
0. 00600
0.00600
0.00600
©.00600
0.00600
Q.00600
0.00600
0.00600

/u

rms o

0.8
.01200
.01400
.01500
.01600
01800
.02400
Q3700
. 06400

0
Q
o
0
o]
0
o
0
0.09900
0. 11500
0.08200
0.04500
©.02500
0.01700
0.01200
©0.00800
C.00800
©.00800
0,C0700

0.00700

X/D

0.

c 90 0 o ©° O 0o o Qo Q0 0 o O o oo o a9 o o0

1.0
02500

. 03000
.03300
.03800
04600
.05800
.07100
.0BBOO
. 10300
. 11300
. 10800
.09300
07100
.058300
03800
.03200
.02600
.02300
. 02000
01800

o 0 0o o ¢ 9 0 o o © o ¢ O o O O O ©o© g Qo

.03100
-Q3700
.04300
05000
-05800
-06500
.07400
Q8700
.08700
. 10100
. 10000
.08800
.OBSO0
.07600
06100
.05600
. 04800
.04200
.04100

.03900

O o o 0 O O o 0O 0O 0O 0o 0o 0 O 0 O 0O 0 O oo

2.0

.03600
. Q4000
.04500
. 05000
.05800
.06600
. 07400
.GBS00
.09400
. 10000
. 10400
. 10300
- 10100
.Q9700
.09400
.0B&00
.07800
Q7700
.Q7600

.07500

51

o b i



TABLE IIT {(Continued)

e G

R/D

0.

Q
o)
o]
0
0
0
0
o
]
0.
0
0
0,
o
0
o
e
0
0

47500
45000

. 42500
. 40000
. 37500
. 35000
. 32500
. 30000
. 27500
. 25000

22500

. 20000
. 17900
. 15000
. 12500
. 16000
. 07500
. 05000
.1)2500
- 00000

©C 0 0 0 C 0O 0 O 0 0 0 0 0 0 ¢ O 0O ¢ O O

0.0

. 00000
. 00000
. 00001
. 00001
. 00001
. 00001
.Q0003
.00003
. Q0007
00312
. 00006
.00008
. 00005
- Q0005
.00004
. 00004
. 00004
. Q0003
. 00003
. 00003

(e) uv' /u‘:’2

0.9
©.00008
¢.00009
0.0001S
©.00020
C.00026
0.00039
0.00080
0.00271
0.00707
0.01594
Q.0147¢
0.00026
0. 00004
©.00004
Q. 00001
0.00004
©.00006
0.00005
0. 00005
0.00005

C °0 ¢ 0O O Q0 0 0 C 0O 0O 0 0 0 0 O 6 0 O O

x/o

1.0

.00019
. 00023
00043
. 00062
.Q0102
.00169
.00272
.00448g
.Q0763
.01132
.01422
01431
.00150
.00052
. Q0005
00002
.00002
. 00005
. 00006
00011

O 0 0 © 0O 0 Q 0O O O ¢ O O O 0 0 0O O ¢ o

1.9

.0c029
.0004%5
- 00068
L0010
00158
.00240
-Q0337
. 00548
.Q0812
. 01056
.01287
01807
0147
.01332
00511
.00475
.00314
.00266
.Q0298
-00297

© 0O 0O 0O 0O 0 O 0 0 0 0O O 0O 0 O 0 O o 0 O

2.0

.00039
. 00046
00089
.00095
.00164
.00226
. 00350
00811
007314
.00927
.01100
.01270
.01410
.01419
-01407
.01331%
.01185
.01035
. 00800

.00720



TABLE III (Cortinued)

R/D

. 47500
. 45000
. 42500
. 40000
. 37500
. 35000
. 32500
. 30000
. 27500
. 25000
. 22500
- 20000
. 17500
. 15000
. 12500
. 10000
Q7500
.050Q00
. 02500

O 0 O 0O O 0 0O 0O 0 0 0 0 0O O 0O O O o ¢ O

.00C00

(£) v+

0.0
0.00002
0.000CE
0.00003
0.00003
C. 00007
¢.00009
0.00015
0.00042
0.000856
©.00039
0.00001
0.00021
0.00182
0.00033
0.00074
0.00109
C.00026
0.00000
0.00053
0.00018

O 0 0O ¢ G o O 0O 0 o O 0 0O 0O O O 0 O O o

0.5

.00140
.00145%5
.00254
.Q0151
. 00091
. 00057
. 00050
00103
.00168
.Q0348
.00545
.00036
.00070
.Q0126
. 00000
.00149
.00594
. Q0000
.00078

. Q0065

x/0

Q0 O O O O 0O 0O 0O 0 0 0 0 0O 0 0 O 0O 0o o o

t.0

. 00098
.Q0195
.00175
LU0109
.00123
Q0170
L0021
.0024%
-Q0337
.00480
. Q0654
.00839
.00140
.00095%
.00016
.00020
-0Q058
00075
.00284
.00109

O 0O 0O 0 0 0 Q0 0 O C 0O 0 9 0 O 0 0 0 Co ©

1.6

.00164
00167
.C0163
00121
00240
. 00307
.00283
.00361

.00542

00756

. 00806
.01063
.014868
.01588
.00920
.0ta07
01219
01347
.05014

. 00000

o O 0 0 0 D © O O O 0 0 O O 0o O © o ©

2.0

.01878
. 00307
.00233
.00136
.00223
00331
. 00368
.Q0486
. 00715
. 009835
.01260
.01376
01367
.019532
. 02086
.03629
.06544
.03157
. Q0000

-Q0070
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ORIGINAL ©lil O
OF POOR QUALITY

Axisymmetric Combustor of a Gas Turbine (Ref. 11)

Figure 1.
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Figure 7, Hot-wire Orientation

—
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Supply
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Figure 8. Constant Temperature Anemometer

Output
Voltage



»
1
i

el _—W

e'2 __..AW_‘

13.3 KN

62

ORIGIRAL PRGEZ &=
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100 Ko

13,3 Kn

- - N + al
e e = (e 1 te 2)
LM741CN Operational Amplifier

Adder Circuit

100 K
i I~ e
e', ~e
13.3KN (_1/ 12
100 Ka LM741CN Operational Amplifier

Subtractor Circuit

Figure 9, Schematic of the Constructed Devices
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Figure 10. Instrumentation Layout
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Traverse Unit
With Probe

Hot-wire Probe Mounted on the Confined Jet Test
Section (Ref., 12)
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Figure 13. Sensitivity Parameters Dm and B¢ versus u
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A listing for the computer program discussed in this Appendix and
sample addressed data files are contained in Appendix D, TIncluded at
the end of this user's gulde are the nomenclature employed in the pro-
gram and a sample output,

The X~wire arrangement used for data input into this code is assum-
ed to be the standard mutually perpendicular, 45° to probe axis wire
orientation., The hot-wires are assumed to ohey an extension of King's
Law., That is:

'

2 — am
E" = A+ Bu + Cu

.....

experiment.
Four main data sets are needed as input to generate the data reduc-
tion. They are:
1, Calibrat'on data
2. Experimestal dat-
3. Miscellanecus data consisting of the date, experiment
parameters and ambient conditions.
4, Angulation data

and are now itemized in detail.

Calibration

The calibration 1s accomplished as discussed in sectiom 3,1, Thus,
the calibration data set contains a number (NMAX) of selected velocities

and the corresponding mean voltages from wire 1, CALEl and wire 2, CALE2.

!
L3
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Experimental

This data is the information from the test section. At esach radial

position, r/d or r/D, seven quantities are measured, They are:
1. Mean voltage of wire 1, El

2, Mean voltage of wire 2, E2
3. Adder voltage (el' + ez'). ADDE
4. Subtractor voltage (el' - ez'), SUBE
5., Attenuation of channel A of the correlator, ATTA
6. Attenuation of channel B of the correlator, ATTB

- 7. Correlator output voltage (millivelts, DC), EMVDC

There are jmax of each seven quantities.

Miacellaneous

The miscellantous data set is just that, miscellaneous. It con-
. tains:
5 1. Month, day, year - the date of the experiment
2., XDD - the downstream location of the probe in diameters
3. LDD - the downstream position of the contraction block in
diameters
4, ALPHA -~ the expansion block angle in degrees
5. FE ~ the swirl angle, should equal zero
6. PAMB -~ the ambient pressure, cm of hg

7. TAMB - the ambient temperature, °C

o
!
s
3
i

8. Eu) - nozzle exit velocity voltage of wire 1, volts
9, E@2 - nozzle exit velocity voltag: of wire 2, volts
10. EOL - no flow voltage of wire 1, volts

11. E02 - no flow voltage of wire 2, volts

C -
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Angulation

Because the angulation test is only done once, the slopes of E1 and

E2 versus yaw angle, ¢ are not calculated inside this computer code,
Therefore, this data comsists of a series of the two slopes 3E1/3¢ and

3E2/a¢ and their correaponding velocities.
Computer Code

This computer code consists of a main program and three subroutines.
Each 1s separated into chapters and sections. Thus, itemized by
chapters:

Main

1. TInputing Data

2, Curve Fitting the Calibration Data (calls CFIT)
3. Calculating the Sensitivity Coefficients

4, Curve Fitting Dm and B¢ (calls C2FIT)

5. Calculating the Jet Nozzle Exit Velocity

6. Calculating All Output Var'ables

7. Data Output in Tabular Form

8. Data Output in Graphic Form (calls SUBPLT)

Subroutines CFIT and C2FIT

1. Initializing the Variables
2, Repackaging the Curve Fitting Variables
3. Caleulation of A, B, and C, Calibration Constants,

in CFIT and Slope, B and Y-intercept, A in C2ZFIT
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Subrouting Subplt

1, Line Plot Graph Routine

The following 18 an explanation of each chapter and section, Refer to
Appendix D for a code listing. Nomenclature for the computer code is at

the end of this appendix.

Main

Chapter 1

Section 1

This section inputs the code parameters of the numbor of velocities
used in calibration; NMAX, the number of velocities used ia the angula-
tion tests; IMAX, and the number of measuring positions used on a cross

section in the test section experiment, JMAX.

U U P S Y

Section 2

CALU is inputed through a data statement because the calibration of
the probe is done at these velocities every time. The data of the cali-
bration voltages from the hot-wires is read from a separate data file

which 18 called into the code using statement 4240,

Section 3

Like CALU, RDD doesn't varv, Thus, RDD is contained in a data
statement. The seven quantities measured at each location in the test
section are entered in a data set. As hefore, this data is called in

the code using statement 4250,
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Section 4

The datz from the angulation tests is contained in this section,
Data statements are used as the input medium because these tests are

done once per probe,
Section 5

Miscellaneous data ie input here through a allocation statement

that addresses the miscellaneous data file (statement 4260),

Chagter 2

The calibration data for wire 1 from Chapter 1, Section 2, is curve

f1t using a cecond order least squares routine (CFIT) sc that:

2 -
CALE1® = A1 + BIG + Clu

Section 2

The calibration data for wire 2 is curve fit as wire 1 so that:

L
CALE2? = A2 + BZT + C2%

Chagter 3

In this chapter, Dm and B¢ are calculated for the velocities given

in the angulation experiment.

.
|
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Chapter 4

Section 1

The Dm's of the previous chapter are linearly curve fit so that:
D = A3+ B2u
n

Section 2

The B¢'B of the previous chapter iue linearly curve fit so that:

B¢=A4+BAE

Chapter 5

The nozzle exit velocity, u, used to nondimensionalize all turbu-
lent quantities is calculated here from two hot-wire mean voltages

determined from positioning the probe at the uozzle exit face.
Chapter 6
The outputs: 'ﬁ7uo,';7uo, u'/uo, v'/uo and u'v'/uo2 are calculated.

Chapter 7

Section 1
Migcellaneous data is written out here with appropriate headirgs,

Section 2

This section writes the headings for the major output.
Section 3

Section 3 writes the turbulent quantities in tabular form.
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Chapter 8

This chapter then graphs each turbulent quantity using a line printer
plotting routine that 1s a library function in the machine for which this
code wag written, To do the plots, a subroutine (SUBPLT) is called to

accaess the library plotting functiocon.

Subroutine CFIT
Chapter 1

The variables are initialized to zero.

Chapter 2

The X and vy are repackaged so that the subroutine curve fits CALEl2
% 4

versus u the firat time it is called and CALEZ2 versus ¢ the second.

Chapter _3_

The necessary calculation are done using the least square technique.
The last part of this chapter uses Cramer's Rule to solve for the A, B,

and C conetants.
Subroutine C2FIT

Chapter 1

The varisbles are initialized to zero.

Chapter 2

The x and y are repackaged so that the subroutine curve fite Dm

varaus ¢ the first time it is called and B, versus u the second.

¢
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A linear curve fit is applied to Dm and B, versus u to calculate

¢

slopes and y-intercepts.

Implementation

To use this computer code, the following cards have to be changed.

1.
2.
| 3.
4

1.
2.
3.

4,

NMAX (1line 380)

IMAX (1ine 390)

JMAX (line 400)

Line 4240 will be changed o0 address the flle of calibra-
tion data that corresponds to the particular experiment.
Line 4250 will be changed to address the file of experi-
ment data that corresponds with the particular experiment.
Line 4260 will be changed to address the file of miscel-
laneous data that corresponds to the particular experi-
ment.

If one has crossed-wires that produce different 8E/3¢'s,

then lines 800 and 810 will have to be modified.

It must be remembered that the code has the following restrictions:

Non-swirling flow

Wiree obey King's Law

Wires are matched so that (el' + ez') and (el' - ez')
can be simplified.

The hot-wire geometry is the same as shown in Figure 7.

el

o i i B St




Main
Code Theory
L) ]

ADDE (e1 + e, )
ALPHA o
AM1 A

m
AM2 A

B2
ANGU -
ATTA ATTA
ATTB ATTB
AVl Av

1

AvVZ A

Va
Al, A2, etc, Al’ Az, etc,
BO B

¢
Bl, B2, ete, Bl’ B2’ atc,
CALE1l Caslel
CALE2 Cale?
CALU -
DM D

m
TAMB TAMB
U -
UAVG -
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NOMEN CLATURE

Meaning

Adder voltage, volts

Wall expension angle, degrees

Axial velocity fluctuation sensitivity
coefficient of wire 1

Axial veloclty fluctuation sensitivity
coefficient of wire 2

Angulation experiment velocity, /sec
Attenuation of channel A

Attenuation of chanmel B

Radial velocity fluctuation sensitivity
coefficient of wire 1

Radial velocity fluctuation sensitivity
coefficient of wire 2

Y-intercept of linear curve fit

(E_. A +E_ A )
1 v1 v2

Slope of linear curve fit

2

Calibration voltage of wire 1, volts
Calibration voltage of wire 2, volts
Calibration velocity, m/sec

(E1 A + E2 Amz)

Temperature of atmosphere, °C

Axial velocity, m/sec

Average of nondimensional axial velocity

T L e g o A B, e - T i m
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UPDUO

UPRMS

uo
Ul
u2
U1Dpuo
U2DU0

VPDUO

VPRMS

ADD

XDL

EMVDC
EO1
E02
El

E2
E1DY¥E
E2DFE
E1D2U

E2D2U

u'/u

x/d or %/D

x/L

EMVDC
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Nondimensionalized rms axial velocity
fluctuation

RMS axial velocity fluctuation, u'rms,
n/sec

Nozzle exit velocity, m/sec

Time mean axial velocity of wire 1, m/-=c
Time meea axial velocity of wire 2, m/sec
Nondimensional axial velocity, wire 1
Nondimensional axial velocity, wire 2
Nondimensionalized rms radial velocity
fluctuation

RM3 radial velocity fluctuation, v'rms,
m/sec

Nondimensionalized distance from jet exit
Nondimensionalized position of comstriction
block

Variable defined by call statement
Correlator output, millivolts, D.C.
Voltage of wire 1; no flow

Voltage of wire 2; no flow

Mean voltage of wire 1, volts

Mean voltage of wire 2, volts

The slope of E

| versus ¢, volts/rad

The slope of E, versus ¢, volts/rad

2
The slope of E; versus u, volts/m/sec

The slope of E, versus u, volts/m/sec




EOl

E02

IMAX

PAMB

REYSTR

RDD

SUBE

IMAX

r/d or r/D

(e,' = e,")

Subroutine CFIT

AAD, AAl, etc. -

A, B, ete,
Bl, Ci, etc,
DET

E

ST

SX

SXY

Sx2

5X3

SX4

5X2Y
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Nozzle exit velocity voltage of wire 1,
volte

Nozzle exit velocity voltage of wire 2,
volts

Swirl angle (zero for this program), degrees
Number of points in angulation experiment
Number of points in test section experiment
Number of points in calibration experiment
Pressure of atmosphere, psia

Nondimensional rx component of Reynolds
stress tensor

Nondimensionalized distance from center line

Subtractor voltage, volts

Constants for Cramer's rule
Curve fit variables
Determinate constants

Value of determinate used in Cramer's rule
Voltage

Value of NMAX

Sum of x

Sum of x times y

Sum of u

S5um of u times x

S5um of u2

Sum of x2 times y




LSt o A

5Y -
u -
X -
X2 -
X3 -
X4 -
XY -
X2Y -
Y -

Subroutdne C2FIT

ANGU -
CONST -
SX -
SXY -
5X2 -
SY -
U -
X -
XMEAN -
Y -
YMEAN -

Subroutiue SUBPLOT

IM -
NLAST -
X -

Sum of E2
Time-mean axlal velocity
Abclssa value - uk
Dummy variable
u times x
2
u
X times y

x2 times y

Ordinate value =~ E2

Angulation test velocities
Variahle defined by call statement
Sum of x

Sum of x times vy

Sum of x2
Sum of y
Variable defined by call statement
Abceissa axis values

Mean value of abcissa values

Ordinate axis values

Mean value of ordinate values

Field size
Number of points to be plotted

Abeissa plot variable

96
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X
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Maximum ahcissa value

Value of abcissa to be plotted
Ordinate plot variablie
Maximum ordinate wvalun

Value of ordinate to be plotted

I
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6. 178 o T8 o.708 o Tas ¢ 007 o tae 0. 078 Q.013511
0.300 0.7113 0.6 o 'tat 0. .024 0. 1848 o odg © 013840
o 228 o 818 ©.871 o gag o o2¢ ¢ 1238 o 082 0.011811
3% 1.7% 0.86a) o 812 a 6T o 03¢ o 138 ¢ 0n32 9.0007T08
0.278 B 63l o.631 L 1T o o329 o 123 o age [3-TE XYY ]
0.300 ©.304 o 48T o.428 3N-T B ¢ 110 o oBo D.00603232
0.328 e.314 o.388 ©.38 [-3%-F 1] [-:11:) ©.000 @, . e0lJose
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0. 480 o 188 ©.208 o. 198 La-1-1. 0. 084 o.0ag 0.000810 .

e.a478 o170 o. 108 Q. 187 0.008 ¢.082 ©.029 o.000280
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APPENDIX D

COMPUTER CODE LISTING
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GO0AG
00070
Q0080
oonTo
00100
00110
00120
00130
00140
Co150
Q0140
00170
00180
00190
00200
00210
oonn0
00230
o040
00250
00040
00270
20280
00270
06300
ond10
[JIRR]
anN330
00340
00150
00340
00370
00380
00390
00400
00410
00420
00430
00440
onane
Q0440
00430
00400
00490
aonon
a0510
00526
00530
Hona0
20550
0UnAD
00570
060030
LA
SO0
Q010
004520
00430
0aa0
D0k
aba40

R

Al I T
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ORIGINAL PAGE &
OF POOR QUALITY

NUMBERED LISTING

[N
[N KERERREIREF R ERT YRR ER TR SR A I RN LR AR IR RN ARAN K
[ | E
Cc ¥ THIS FPROGRAM REDICES THE 10T X-WIRKL FROBE bATA [N «
c X ' X
c ¥ NON BWIRL ING FLOW,  JT 19ALSUHLD THAT THE WIRES "
[ ] ]
Cc x FOLLOW KING’S LA, L}
[ x »
C X BY
[ » HRIAN MCKILLOP | 3
c » * | §
c *  LAST ITERATION 0N COM&MITER CODE 6-16-83 ]
[ x 2
c EREREMERFRENORKRCRREA R EIRB S KV RRFIF IR AT AL AN RSN RK N
C
c
DTMENSION CALUCSOI sCAl E 10 s DAL E DY s DT oL FLS0) 08 2500
AADDF (L) s BUNECHOY o ATTACOY T T S v o F MU €00 s ANGIICSO ) »
RETDFE (OO g BN 3 LTOY e F1I7CLGY ok IS0 e AL CS0) w AMPLHO Y s AV IR0
BOV2 OG0 P IMOTD ¢ o BOCOG S o HPRDE o0 s 1R 0S CH0 LRI (LG 3 o VFDUO (50 ) 0
RREYSTR CLC) pULCT0 el 0SB0 slITDUGO G ) LG 0} e LD S0 ) f VIUG (SO ) o
BY LG e U0 Y P ARSREY (70
INTEGEL AY» YEAR
REAL LDD
C
e e e e CHAFTER 15 s oot e e e
[ e = GSECTIMN 1= et e e e e
¢
C IMFUTING THE HUMELR OF POINTS FROM CALTERATION ANGLULATION.
c AND TEST SECTIUN FAXPERIMNENTS»RESFECTIVELY.
(4
NMAX=15
IHAX=5 .
JMAX=20
[
Comrmm i et e e e e e - CGECTION Pmm et e ey —e e
c
c
C INFUTING DATA FREM CALIBRATTON EXPERTMENT
C
DATA A U/2043e. 763, 303 9504403580 11 0% 9000, 7000 7 0 455y
* BRA2e2. 50 v 107 1) H e L0514, 407
READNCLAs ¥} CLALETINs N=1rNMAX)
REARCIA -4y (CALEZ(NY s Nal o NHAX)
WRITE/&v¥) (CALELI(NYyN=LrNMAX?
WRITE Ar¥) (CALE2(NIrN=1+tNHAX)
[
[ il LT R SECTION 3m—m e e e
C .
Iy INFUTTHG DAYA FRUN EXFERIHEMT tN TEST GECTION
L .
DATA KB Qa0 0 G0Te 0 OLin 0O v 1% 10 0 1 750,240,005
LR TN TTUNE TR PR VS SR i APF R IO FAFRR IR I8 IR TXTIORY, SO TR S ST O
REAPCIS8Y (EL1CUI 2l 3 AN
REALC G e)Y CETCH od e dHAXY
READCLL o) CAMDE Y o0+ | o JHAX)
READN IS %) (SUDE (Y s b 1 JRAX)
REANCISe4) CATTAC D » 121 p IMAK S
FEAHCLS Y CATIRCIY o Foar JMAY)
READCLUvd} (EMURC O J 1 e IMAXD

g i zr—-:é

ik A L i

e Aeaessnasnp i

Loy, e e




0’(!&7()
nosRe
006920
[2T1 g {1v]
QuFI0
QQ720
0730
Q0740
oN7L0
Q0740
DOITY
JUIRO
QO7v0
a0800
00810
00820
00830
60840
00850
QORAD
QOR7O
0B
[eltiogrdv]
Q0900
Q0e10
Ongto
o030
20940
Qo950
Q090
oneFQ
QoPED
QOF?0
Q1000
it
01070
LA
Q1040
2050
QLOs0
Q1¢?0
o oad
01090
a110n
a1
gt
AR 8 Y]
1144
wl1s0
NL140
01170
1180
61120
GL200
01214
01220
T30
olda.
e P
RN )
G1i7u
#1430
G190
a1%n0
01310
OLico

anonn

ooSnononoe

1w

e inlisi

mon

P10

TN TTSnN

1.'%q

WRETECA R (F IO 00 [ XD
WRITECA ¥ (ETCIY e 1o dHAXY
WRITE CAey CADNE CIY p -1 e IO
WRTTECAeR) (GURE CJtyd Lo IHAY)
WEITEC S s, (ATTAC D w0 1 0MAX)
WRITEC(Ava) {ATTHOSY 2 J- ] IMAX)
WRITE(HeX) (EMUYNC O =10 JMAK)

————— e —— BECTTON A-mmmemm mme o i m e e e

INPUTTING DATA FROM ANGLILATION b XbE R NT

DATA ANGUZ1A.409 11,829, 00 /7,80 5,11/
LATA ELIFEZD.4U18r0.474490,4545-0, 506400, 50227
DATA LL2DFEZQ SHBEZ720.0A481 005040 v O, QU rad, 410037/

--------------------- GECTION fimm=—--m v smr esmmrce cmmm
INPUTING MISCELL ANFOUS DATA
READCL&v %) MONTHeDAY » EAR e XDI-LDD AL FHA L s FAMBe TARBIEQL rEQ T,
BEQL$EOD
WRITECArd) MONTHe DAY  YEAR XUl Dol FHAFE s FAME TAMBeEOLsEQD,
RENLEDNZ
————————————————————— (HAFTER -- e mmmm o e e
---------------------- GECTION 1= wmmmmis m e e mmm e e
THIS STATFMENT TALES AL TEATION “OLTAGE (NE AND DOES A
SECUNY QREPER LFAST GIMAREL CURVE FIT SUCH THAT!
CALE L¥#2=A14P1AUSR0, S 01N

CALL CETTINMAYsCALUCOLEL vAL BT CY)
WRITE 6« 1002A1+B1501

FORMATC 77 720%y "CALEY SOUARED " vFB. 3¢ +/2FH. S0y 'CALL TO 1727

& + eFS 392X "CALL" )

THIS STATFMENT TAKES CALTHRATTON VOLTAGE TWwnN AND DOES A
SECONL ORDER LEAST SOUAKES CUORVE FIT SHCH THAT
CALE ¢ 'mpy T4 HOORURXO, 40241

CALL CFITeNMAX AL UUNLE DAy BT 0D)
WRITE e v 110) Al R0

FURMAT . 720X "EALED? SOURRETL “vF B30 7o FH. 3 e 2% "CALL TR 1727

B 4 bR AdXe'CAIUD)

DO LOOE USTNG ANBULATION EXPERIMEWT DATA TO COMPUTE
SENSITIVITY COEFFICIENTS

M 300 TepeIMAX

CITZHICL = (BLH2 ORCTRANGH CTI A0 5 780X (AT AANGLIC T FRLIAANGLICT ) XL S

EACIWAMOUCT IR R8O, i

LOUDUCT T (HIH2, ORCIRANGIHITIH KO 5D (4. 0% CAVAANGUL L ) #BIRANGUC T Y %41 .5

RECEANGH L) %4000, 0

WRIFF{me 1DE4Y E1BIUC o 2020CT )
FAORMET O 2 10X F 10 A TON-F10.4)
AMICTY ANCUCTIRETBNNT)

AR T ) @RI 1 B2 T
MUCEY 1 ITFECT )

AYDOL) | CHFEFLTY
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ORIGINAL Pi—‘.@’j@_ﬁj?
OF POOR QUALIYY

TR DT Arf 1Y +0aML0])

a1 an LIS SRR RS ST IU-TH )

G130 AY0 CONTINIIF .
FIIAD Lo e e el CHAFTER A~ - -« e
01370 L

] AL a1 £ & 111 TN T
Q1390 C

01400 (

01410 THIS STATEMEND TARES D ANTC WG A 1IN Gk DUV 1 ET S0EH dlar:
Q1420 L H=aftind

QLAR0 €

014930 CALL COFITCIMAX ANGUs DM AZ RS

01450 1. A3=0, T30

Q1440 C BA=Q,. 04832

01470 WRITE(4:202) AZsB3

91480 107 FORMAT (/7 /730Xy "DM="sFB. Z0 "  + «FA 33X ")

1490 C

01500 [ THIE STATEMEN] TAKES BU AND DOES A LLNEAR CURVE FIT SUCH THAT!
01510 € EBli=A1+HAXU

Q1020 L

01530 Lommmmmee # e SBECTION Jl-—m  om e oo o o mm e emmes
01830 €

D155 Coll UOFITCIMAX ANGU BDAA0EA)

Q1540 WRITE(&r203) AA2BY

QL5200 204 FORMATC/7/20%0 "BO2 "3k 8, 507 1 PB4+ 2%0 L)

oLan0 .

DLIG70 C==-m- B e i s CHAR TER 5=~ immimm s o = s mme
01600

OlolQ U CALUULATING THE NOZZLE EXLT WULULLTY

¢cl670 C

[ ER 1 BOT= 00 -HTRCRIAHZ-A, DR HLAL-F QOIF4) 1RG50 2L 080T ) ) RXT
Q1544 (LGRS O TR L JcR8 T3 Yokt S¥-WENMvACE L SR RS T IINEIN R SO 140 B3 T )
01650 UO=(LOE+U02) /2,0

0imbg T

01 70 Peoe o mmmrmme o e CHAF TER f—mrmomemm s o e e
D180 €

olavn 1 HO LOOF TO GENERATE OUTFUT halhn »CALCU ATIONS ARE FREFURMED
CL00 ¢ Al FACH R/ POSTIINN

0110 .

01739 0O 1000 =1 dMAX

03730 HLOS e B CRLINAD- 4 ONCIRCAT-F LLI ST 1 AKO,5) (2, 0801 ) Y ¥X2D
G140 U 3o (- HOPCBIRED-F QK020 0T R0 ) RRDY e vk 0, G A0 ORNDY SRR
D17%0 LI C 1= 1y 200

Q1740 annc 1y U3 0H LU0

01770 HRUO )= CUTILOCE) HIZDLO I Y £ 2.

017499 UBRLIO ¢ JY ~ABRSCHIIIUO O Y ~USTLIOE 1) 22,0

CrIY VP SNDUOL Y RUD

Giiak I AR KRS it (TR Q]

o148, G ROCH) =na44H¢ )

Q1El0 UIRMRC Y ALDE (J)Y /DM

N1 LY VERRE D =SUBEL Y /BDO

G1ran A e 1Y = LIPESE () U (L0 2110

CIRNO VFDHO L1 s VRRMS (3 R0 200

DIt BEYHTR (D = CEHUDCE IR0 088 AT TACH FATTIO LY ) 220, 0 KU k27
D170 BoHOns 4105, 01600, ORI SRR Y50, 001

UTHEO p0o0 DONTINDE

01F 0 WRETE CowitT1) (1 E Hha 0= 10 AN

DD WIDRF A 31300 G020 ) 1y JBAYY

GIsife 11 FUORBALG » e 1&F 10,47

BT Wi TE - e e 1133000

DIvAG HILE FOKANT . 2779 85X} 100,43

D19ag 1.

D10 U o e e S (T L S e
aiean

QIVA D e s e GE N | = e s e e
o190

!
i
i
|




R
[LRIVIRT))
QrO1L0
DAOIO
[N T])
LAOA0
N0
QU040
92078
Q20RO
oo

TOTiIon

0210
3t 20
Q1 d0
02140
1264 Rto)
Q2LHQ
02170
02HO
[LRARE L
[+ ebadily
g R4
QR0
RAKid
QI210
[ R
o3240
oR 0
02330
Lehaady]
Q0300
PREN R
0220
MRS 1]
[PRENTY
O350
PIH0
[RREALL
0300
QrLro
Qlann
410
DTADe
024450
Qlaa0
QU4n
42440
[t
I7Ag0
02499
Q250D
510
[+l
30
DRl
02500
[LICET 4]
a2t
(UL
DM

Mg

[N K
[UCE ]
(AR
Qe

B T SR WY P R e aremy' T AL R ST TP SC U NI CRENE

ORIGINAL PAGE I8
OF POOR QUALITY

t
WRITE (A9 2%0)

S0 FORMATIIHL)

v

{ WRITF STATUMENTS FOii MISCEL | aNEOUS DATA

i

WRITE (59 251) MONTHDAY» YEAR

Fafa! FORMATC 7 7 v 40X "DOTA TAREN s Do 1l -/ 100 "/ 9 I
WHTTE (&6 ¢252) XDDel DD .

M FORMATL{Z0A0%y “X/D5! oFA, 10 30X L /0 -7 o401
WRITE (ae?03 ALPHAFE .

Al | FORMAT O A2 30X e “ALFHA- oF 4, e Xy “FL-"oFA,1°
WRITECa=204) FAMBe TAMBrUOsEUL + LI

i FORMAT /» 25% e “FAMR= rF 4l ety TAME = o F 5. 1o X 110 "o F G050
ESXy EQT1=* sF 4. 295X "END=/»F4.2)

[y

[~ mmmm s BECTION themmmm e dis cmms e
o .

(¥ WRITE STATEMENT FOR HEADINGY

[

WRITE4+235)
il FORMATC/ 779 13X *RZDZ e 780 LLAHO s &% “UDZ10 o 5 "UZUO " 1 BX *VAU07
(A2 TS UARNIT RS § REVARI VI REL S PRIVLERTARI I 7 ]

WRITE, STATEMENT FUR GENFRATED GUTPUTl

HELTE & 1001 YORIMC D) v UL IO ) 1 H2DUOC Sy 2 UBLIC (1Y VDUCL ) »
BUFRUQC D YRPRUGCD o RUVBTIR (Y rd=1 v JHAX)

1001 FORMAT (/v TOXFth, 3o 2XrFH. 3 3XsFB. 3 X sFO . Ir4XrFB, 315Xy
AFR, T eTB 32 FXeFL10. 4

M
(== mmmm o e e em CHAFTER B-——m-=emm e —-——me
ﬁ

r PLUYTING THE OUTFUT DATA

e

WURITE{&»B020)
GO0 FORMAT 1K1 .
WR1TE (ArB021)
B8O FORMAT (/v 30XKe ‘R/D v 20Xy "UZUG " )
WRITE ¢ &4+BO22) (RDDCD) UIIO ()Y ¢ J7 1 v SMAX)
(DD FURMAT (/e B7XFH. 315X F8, 3}
YMA) 0.5
AAAX=1,0
CAl L AURPLTOY o XMAY« YHAN DD RTIN JMAX )
WETTF A 3000)
L0 T GRAATC S A%, *U/U0" )
HETTE var Q208
WHTTELA»R023)
BOZZ  FORMAL (/930X "RAL v 26Xy "U/LO )
WIFETE (& OD2)CY U s VIILOC ) wt= 1 IMAX )
I 1670 =1, JHAX
[SUTTE TR SN
1470 COMTTYNHE
Rl SHBELTOY » XMAX s YMAX s VOLIG» RIHD e IMAY )
WHITECH 800t :
001 L CRMAT /2 %aAY  viue )
FETTE (O 020)
LI TTE T e GOZE DY
HOYH FURMATO 2 R0X e “RAD o 220% TU /LG )
WHITE CAvHODT 0 Y (I e UFLILIOC B) rd= L JHAK )
proga™s J=1e AN
[ (TR
1925 Uy geey
CALL IRELT O AN e VI s LEDHO oD OMAY Y

108

3

A e




cyumy S

Co s epin | a ey

o

TR P

Zano
DA
PN
[AMF RN
CIO0

iy
[ 1]
Q2740
WHLO
[
W70
o2, w0
02,90
00
MO
QIaro
[ MY 2141
Q7R40
OB
L T
N
OURK(
MY
D200
DTN
FaRLH
D3P 40

RGO
03010
3000
DILEG
030490
¢ 1550

T 03040

EREL
94030

03I1F0
QA
[LER )]
AR ERMY
[ A
DR300
Wi
L XA
QF 30
Qa0
Q350

03RO

QAL e
0En
LX)
QAIO0

LHVL

Y e

1a,'4

RIS

B30

[EL Y]

1675

1700

RS PR e gt m L
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ORIGINAL PLOY 5
OF POOR QUALITY,

HELIE ths (g

FUORMAT (AL AKs "U G ")

WILTE ¢A e HO20)

WD FEF ¢ tH2%)

FIRMAT O 0% /D 2 VA0

WHITL 0o BOLTI0Y GO e DU dY o 1 IHAX )
L 1574 J=1rdMAX

RUODE Y =Y (L)

CONT INUE

CALL BURPLTOY s XMAX e YHAX » VRDILO e RN JHAY Y
WRITE (A2 BOOW)

FORMAT (/74X 'V 200D

HHLTE (£eBO20)

WRITE & HOI0)

FORMAT (/e 30X "RZL s 1700 11" W 2110082 )
WRITE(6eBOBL) (Y{ D pREYSTROL) ¢ ) Lo IHAX )
FORMAT A /70 27X eFB.3r . 4YXeFIQ . &)

NO 1675 g1 JHAX

wLDCSY ¥ L))

CONT THF

YHAX =0.00

M 1760 J=1 s JMNAX

ARGRE Tt =ARSIREYSTR )

LONT ITNIE

VL SUEEL T Y s XMAX e THAY oS TR DErIRAR )
W.IFF (594008}

FURRALL/SIX U W ZUO0N )

LA Rt t R RS ARSI NARS NS A AR AS AT IS SRRELLT)

L I o T T i

STOF

FHh

CUHRM)S THE CFIT{NMAX vliaF sAe ke[
THY o PEOGEAN BOES A SECOND ORIEK DURVE FIT TO GIVEN
HOTwWikE ALLBRATIUN DATA.
THE FQUATION IS OF THE FORM DA% SHRFSURWHC YU

FiHENCION ECSOpUCS0Y sY(NOY X050 XTLT0 ) o X450 e XY (50,
FXITCG0 2 X(T0)

————————————————————— CHAPTER f=-= == === —msmmomm amemee

81=0
§¥=0
Gy
§X3=0
8¥x4=0
Sy=0
ArY=(
8A2Y =0

............... wnmmmn o HAFTER e = e m a e e aim e e
FFEACAGTMG X AMIE Y
1y 1 FaleNnAY

Y(TYE(T vk
K1) -BOWFCULTY Y

e e T T o 1117 4 L. E e

[

AT L)
YICT- 1 vAx T}




S

e e L

BEENRH
Q330
03330
03340
[« L]
0X3H0
0330
43380
L]
03100
03416
3420
Q3430
03440
Q3450
03440
Q1470
03480
03470
03500
03510
03520
03530
03540
o355
03540
03570
03580
035%0
03400
03410
03410
03430
03490
03450
(134460
G3IAT7OQ
03480
03470
Q3700
037140
03700
03/350
(TR 1 ¢
LR o)
0g74 0
Q4270
037840
4790
Q300
LEHENY
3820
03IA3ZO
03340
(X 1ok
03840
03470
Q38410
axpwo
0300
Qivto
0480
SRS
LRV L1V
LR
300

A

ORIGINAL PACE i
OF POOR Q''ALTTY

XA Doty

XY(1) <trr@yiln

NIV OLY YrilvhAdol,

b=

EX-SX4 Xy

BXZ=EXHXIC L)

SXI-GX34X3ICD

SXAuEYatXa(n;

GY-8YY(T)

SXY=Gxytrven)

SX2Y-SUSYERX2TO0D
C USE LEAST SOUARF CURW F 1Y METHOD
C APFLY CRAMERS RINE TO SOHVE THE FHKLE EOUATOM FNR
[»} ArfieANT C,

10 CONT INIE
CI=SX0x344-BXA¥EX
C2=8X3544-SXTUGX3
CI=EXFSYA-5XEGXD
DET=H1wC 1S #0245 2403
R1=5XTESrA-SXI7¥G5H3
H2=EX Y ¥SXA-GX2Y KGN
AADSBYFCT~BXKET 52V HD
A=ARL/LIET
DI=BXASXY~SXIESAY
AAL=S [RB1-SYRCTHSX N
B=Ant/NET
E1=8X¥SX2Y-5X2uSXY
AAZ=STR(~H) ~SXRE1+HTHE 3
C=AR2/DET
RETURN
END
SUBROUTINE C2F ITCEMAX» AHGU p CONS Ty e T

THIS SURROUTTINE DOFS A LLLNEAR GURYE FIT 10 THE 0l
SET OF ANGU ANIE GONGSE. D ENpaTION 4. OF THL & a1,

THE SLOFE (F THE LINE.
------------------------------ UHAFTER T=r—rmem e s s mmme oo
DIMENS TN CONST 00 rANGUCS0) X050 9 750
XY 15 THE SUM th X TIMEE Y
¥ TS THE SUM OF X

§Y I5 THE SumM or v
A2 IS THE GUM b X SOUSKRFD

oo oooaennon

XY =0.0
SX-0.0
Yy =0,0
SAL -0, 0
i '
G e e i e CHARTER == v cvme e e
[ .
{ REPACKAGLNG X ANIL Y
[

Mg 100 T Letti X

AT YomMGH LY

TOLYLopren)
100 CONT TN
"
L R T LT e 0 1 P TR I [ T T e mermma e
L

L 1 Ve by

A D I SRS I O O 3 SR A

b NP

HHERE A IG THE FOINT WHERE =0C(Y-TNTERUCFETY AMD 0 v

NI

110
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Y
»

3:
#,

T "
.l lt"'i()
[ LN
ekt
LS0 TN WA
B [FAE]
LARTER M
JA0aQ
gawp
GADAD
REIT
(LR AR]
IR T
W10
RARR R
AR EMIY
[T \:lf
LR 1Y
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OF POOR QUALITY

UNNUMBERED LISTING

e Yo ofe o e 5% ' ol o e o o o' ot oe o o e o' e o ot o e ol 9 o Ve W i o o o o e ok o o o o e o T o S ey e e e e e e e dr e e at
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* THIS PROGRAM REDUCES THE INPUT X-WIRE PROBE DATA IN &
% *%
*  NON SWIRLING FLOW. IT ISASSUMED THAT THE WIRES #
" *
* FOLLOW KING'S LAW. *
o H
¥ BY ¥
* BRIAN MCKILLOP i
Fid *
* LAST ITERATION ON COMPUTER CODE 6-10-83 #

%

folb e dedededde e Ak ded b e ok ol e ok b e e oo e etk e e e e de e s e e e e e e e e

DIMENSION CALU{50),CALEl(50),CALE2(50) ,RDD(50),E1(50),E2(50),
&ADDE (50) , SUBE (50) ,ATTA(50) ,ATTB (50) , EMVDC (50) , ANGU (50) ,
&E1DFE(50) ,E2DFE (50) ,E1D2U (50) ,E2D2U (50) ,AM1(50) ,AM2(50) ,AV1(50),

&AV2(50) ,DM(50) ,BO(50) ,UPRMS (50) , VPRMS (50) ,UPDUO (50)

, VPDUO (50) ,

&REYSTR (50) ,U1(50) ,U2(50) ,UIDUO(50) ,U2DUO (50) ,UDUO(5Q) ,vDUO(50),

&Y (50) ,U(50) ,ABSREY (50)
INTEGER DAY, YEAR

REAL LDD
------------------------- CHAPTER 1=~=—m——mmmmmmmmememm oo
------ ) 8 {4 B
INPUTING THE NUMBER OF POINTS FROM CALIBRATION,ANGULATION,
AND TEST SECTION EXPERIMENTS,RESPECTIVELY.
NMAX=15
IMAX=5
JMAX=20

INPUTING DATA FROM CALIBRATION EXPERIMENT

DATA CALU/2.43,2.76,3.38,3.95,4,63,5.11,5.92,6.72,7.65,

&8.62,9.57,10.7,11.82,13.05,14,42,35*0.0/
READ(14,%*) (CALE1 (N) ,N=1,NMAX)
READ(14,%) (CALE2(N),N=1,NMaX)
WRITE{6,%) (CALEl (N),N=1,NMAX)
WRITE(6,%) (CALE2(N),N=1,NMAX)

INPUTING DATA FROM EXPERIMENT IN TEST SECTION

DATA RDD/0.0,0.025,0,05,0.075,0.

1,0.125,0.15,0.175,
&0,25,0.275,0.3,0.325,0.35,0.375,0.4

1
,0.425,0,45,0.47

I,

0.2,0.22
5,0.5,29%0.0/

112
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READ(15,%)
READ(15,%)
READ(15,%)
READ(15,%)
READ(15,%)
READ(15,*)
READ(15,%)
WRITE(6,%)
WRITE (6,%)
WRITE(6,%)
WRITE (6, %)
WRITE(6,%)
WRITE(6, ™)
WRITE(6,™)

aOOOnon

B e Rt ST T

(E1(J), J=1, JNAX)
(E2(J),J=1,IMAX)
(ADDE (J) ,J=1, JMAR)
(SUBE(J) ,J=1, JMAX)
(ATTA(J) ,J=1,JMAX)
(ATTB(J) ,J=1, JMAX)
(EMVDC (1), J=1, JMAX)
(E1(J3),J=1, JMAX)
(E2(J),J=1, JMAX)
(ADDE(J) , =1, JMAX)
(SUBE(J) , J=1, JMAX)
(ATTA(J) ,J=1, IMAX)
(ATTB(J) ,J=1, JMAK)
(EMVYDC(J) , J=1, JNAX)

ORIGINAL PAGE IS
OF POOR QUALITY

- -

SECTION 4--

INPUTING DATA FROM ANGULATION EXPERIMENT

DATA ANGU/14.42,11.82,9.57,7.65,5.11,45%0.0/
DATA EIDFE/0.6142,0.5737,0.5368,0.4996,0.4569, 45%0.0/
DATA E2DFE/0.5592,0.5306,0.4938,0.4636,0.4011,45%0.0/

zsNeNasEnNel

INPUTING MISCELLANEQUS DATA

READ(16,*) MONTH,DAY, YEAR,XDD,LDD,ALPHA,FE,PAMB, TAMB,E0L,E02,

&E01,E02

WRITE(6,*) MONTH,DAY,YEAR,XDD,LDD,ALPHA,FE,PAMB, TAMB,EO1,EQ2,

&EO1,E02

OO OO0Ono0O0n

100

SECTION 5-~=——--

~~CHAPTER 2------

--SECTION 1------

e o s . = P2 e i g T 7

THIS STATEMENT TARES CALIBRATION VOLTAGE ONE AND DOES A
SECOND ORDER LEAST SQUARES CURVE FIT SUCH THAT:
CALE1**2=A1+B1*U**0,5+C1*U

CALL CFIT(NMAX,CALU,CALEL,Al,B1,C1)

WRITE(6,100)A1,B1,C1

FORMAT (///20X, 'CALE1 SQUARED=',F8.3,'

&' +',F8.3,2%,'CALU')

sz EsNsNeNaNel

~=-~SECTION 2

+',F8.3,2X%, 'CALU TO 1/2',

THIS STATEMENT TAKES CALIBRATION VOLTAGE TWO AND DOES A
SECOND ORDER LEAST SQUARES CURVE FIT SUCH THAT:
CALEZ**2=A2+B2%U%*(, 5+C2%D

CALL CFIT(NMAX,CALU,CALE2,A2,82,C2)

WRITE(6,110) A2,B2,C2




&+C2®ANGU (I) *%2) #%Q,5)
WRITE(6,1234) E1D2U(I),E2D2U(I)
1234 FORMAT(// 10X,F10.6,10X%,F10.6)
AM] (I)=ANGU (I) *E1D2U(I)
AM2 (1) =ANGU (1) *E2D2U(I)

Hwyo AR V-
2 3
b !
£ e 114 5
i ORIGINAL FAGE D ‘ : )
OF POOR QUALITY gf
110 FORMAT{(///20X,'CALE2 SQUARED=',F8.3,' +',F8.3,2X,'CALU TO 1/2', %
&' +',F8.3,2X,'CALU') ' : 4
o :
Crrmmmm e e CHAPTER 3--—-=-r—-—mmmmmmm e 5
o !
o DO LOOP USING ANGULATION EXPERIMENT DATA TO COMPUTE :
C SENSITIVITY COEFFICIENTS ;
c
DO 300 I=1,IMAX ’
EID2U(1)=(B1+2.0*C1*ANGU (1) **0,5) /(4 .0% (A1*ANGU (I) +B1*ANGU (I) **1.5 i
&+C1*ANGU (1) %%2) #%(0,5) !
E2D2U(1)=(B2+2.0%C2*ANGU (1) **0.5) / ‘4, 0% (A2*ANGU (1) +B2Z¥*ANGU (I) **1.5 ¢
L]

RILNERTY:

|

AV1(I)=EIDFE(I)

AV2(1)=E2DFE(I) 3

DM (1) =AM1(I)+AM2(I) i

BO(1)=AV} (1) +AV2(I) i
300 CONTINUE i
c- ————————— e CHAPTER 4-===———r—— e

5
i
3
3
i
1
4

THIS STATEMENT TAKES DM AND DOES A LINEAR CURVE FIT SUCH THAT:
DM=A3+B3*U

tn CALL C2FIT(IMAX,ANGU,DM,A3,B3)
c A3=0,535
c B3~0,0632
WRITE(6,202) A3,B3
202  FORMAT(///20K,'DM=',F8.3,' +',F8.3,2%,'U")

? C g
: C THIS STATEMENT TAKES BO AND DOES A LINEAR CURVE FIT SUCH THAT: :
; C BO=A4+B4*U i
; C ]
v Cmmmmmm = e e SECTION 2---—==-==————==seoo—mmme ;
: C 1
F CALL C2FIT(IMAX,ANGU,BO,A4,B4)

5 WRITE(6,203) A4,B4

H 203  FORMAT(///20X,'BO=',F8.3,' +',F8.3,2%,'U')

e C

g C————--——- ~—=- CHAPTER 5------ ————

; c

: C CALCULATING THE NOZZLE EXIT VELOCITY

C

UOl=((-B1+(B1%*%2-4,0%C1*(A1-EQ1%%2))**Q,5) /(2.0%C1)) *¥2
U02= ( (~B2+ (B2%%*2-4 ,C*C27% (A2~ 502**2))**0 5)/(2.0%C2))**2
U0=(u01+002) /2.0

c -CHAPTER 6
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DO LOOP TO GENERATE OUTPUT DATA ,CALCULATIONS ARE PREFORMED
AT EACH R/D POSITION

OO n

DO 1000 J=1,JMAX
U1 (D =((-B1+{B1%%2-4,0%*C1* (A1-E1(J) **2)) **0,5) /(2.0*C1) ) **2
U2(3)=((~B2+ (B2**2~4,0%C2" (A2-E2 (J) **2) ) **(.5) /(2.0%C2)) **2
y U1pU0(J) =Ul (J) /U0
02DU0(J)=U2{J) /U0
UDUO (3) = (U1bu0(J) +U2DU0(J)) /2.0
vDUO(J) =ABS (U1DUO (J) -U2DU0(J1)) /2.0
U (J)=UDUO0(J) *UO
DM (1) =A3+B3*U (J) :
BO(J) =a4+B4*U (1) f
UPRMS (J) =ADDE (J) /DM (J) ?
VPRMS (J) =SUBE (J) /B0 (J)
UPDUO () =UPRMS (J) *U(J) /U0
VPDUO (J) =VPRMS (1) *U (J) /U0
REYSTR (1) =(EXVDC (1) *10, 0** ((ATTA (J) +ATTB (J) ) /20.0) *U(J) **2/
. & (UO*%2%125,0%1600.0*B0(J) *DM(J) )) *C. 001
. 1000 CONTINUE

hp AR, p e B ST

WRITE(6,8113)U0
8113 FORMAT(/////,35X,F10.4)
C
Cr——me ———- CHAPTER 7 -—
: c
Cowmmmmtm i e e e i e e e = SECTION 1 -
c . _
C
WRITE(6,250) :
250 FORMAT(1H1) |
c .
C WRITE STATEMENTS FOR MISCELLANEOUS DATA
c

WRITE(6,251) MONTH,DAY,YEAR

251  FORMAT(//,45X,'DATA TAREN',2X,I12,'/',12,'/',12)
WRITE(6,252) XDD,LDD

252  FORMAT(/,30%,'X/D=',F4.1,30X,'L/D=',F4.1)
WRITE(6,253) ALPHA,FE

253  FORMAT(/,30X,'ALPHA=',Fé4.1,28X,'FE=',F4.1)
WRITE(6,254) PAMB,TAMB,U0,E01,E02

254  FORMAT(/,25X, 'PAMB=',F4.,1,5X, 'TAMB=',F5.1,5X, 'U0=',F8.4, .

&5X,'EOLl=' F4,2,5X,'E02="' ,F4.2)

C
C ---SECTION 2 .
c =
c WRITE STATEMENT FOR HEADINGS E
c

WRITE(6,255)

255  FORMAT(///,13%,'R/D',7X,'U1/U0',6X,'U2/U0',5X, " 'U/U0',8X, 'V/UO',
&93, 'U"/UO' ’7x. 0vn/uol ,9!{, 'U" v"/uom‘:zi)

c
C —-—=—==8SECTION 3 -
c
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WRITE STATEMENT FOR GENERATED OUTPUT

e Ng]

WRITE(6,1001) (RDD(J),U1DUO(J) ,U2DUO(]) ,UDUOC(I) ,vDUO(D),
&UPDUO(J) ,VPDUO (J) ,REYSTR(J),J=1, JMAX)
1001 FORMAT(//,10X,F8.3,2X,F8.3,3X,F8.3,2X,F8.3,4X,F8.3,5X,
&F8.3,4X,F8.3,9%,F10.6)

c
(e e e CHAPTER B8---~-———r—— e e e
c
C PLOTTING THE OUTPUT DATA
c

WRITE(6,8020)
8020 FORMAT(1H1)

WRITE(6,8021)

8021 FORMAT(/,30X, 'R/D', 20X, 'U/UQ')
WRITE(6,8022) (RDD(J) ,UDUO(J), =1, JMAX)
8022 FORMAT(/,27X,F8.3,15%,F8.3)
YMAX=0.5
XMAX=1.0
CALL SUBPLT(Y,XMAX, YMAX,UDUQ,RDD, JMAX)
WRITE (6,8000)
8000 FORMAT(/54X,'U/U0")
WRITE(6,8020)
WRITE(6,8023)
8023 FORMAT(/,30X,'R/D',20X%,'V/U0"')
WRITE(6,8022) (Y(J),VvDUO(J), J=1, JMAX)
DO 1670 J=1, JMAX
RDD(J) =Y (J)
1670 CONTINUE
CALL SUBPLT(Y,XMAX, YMAX, VDUQ,RDD, JMAX)
WRITE (6,8001)
‘o 8001 FORMAT{/54X,'V/u0')}
% WRITE (6,8020)
WRITE (6,8028)
8028 FORMAT(/,30X,'R/D',20X,'U"/U0")
: WRITE (6,8022) (Y(J) ,UPDUO(J),J=1, IMAX
! XMAX=0, 25
DO 1673 J=1,JIMAX
RDD(J) =Y ()
1673 CONTINUE
CALL SUBPLT(Y,XMAX, YMAX,UPDUO,RDD, JMAX)
WRITE(6,8004)
8004 FORMAT(/54X,'U"/u0")
WRITE(6,8020)
WRITE(6,8029)
8029 FORMAT{(/,30X,'R/D',20X,'V"'/U0")
WRITE(6,8022) (Y{J),VPDUO(J),J=1, JMAX)
DO 1674 J=1,JMAX
RDD (1) =Y ()
1674 CONTINUE
CALL SUBPLT(Y,XMAX, YMAX, VPDUO, RDD, JMAX)
WRITE(5,8005)
8005 FORMAT(/54X,'Vv"/u0’)
WRITE(6,8020)

ot A e L 2 s &
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' WRITE(6,8030)

: 8030 FORMAT(/,30%,'R/D',17X,'U" y"/uQ*%2')
WRITE(6,8031) (Y(J),REYSTR(J),J=1, JHAX)

8031 FORMAT(/,27X,F8.3,14X,F10.6)

DO 1675 J=1,JMAX :
RDD(J) =Y (J)

; 1675 CONTINUE

3 XMAR=0. 02

| DO 1700 =1, JMAX
ABSREY (J) =ABS (REYSTR (1))

: 1700 CONTINUE

g CALL SUBPLT(Y,XMAX,YMAX,ABSREY,RDD, JHAX)

A R i S b s it e i B £ PR BT AL il

WRITE (6,8006)
: 8006 FORMAT(/51X,'U" V"/UQ%*2')
: C {
_ g**ﬂ*******s‘:fc-hf:**'lc***ﬂ***#***is**ft***fm*fc**ﬁ****k****k#**y‘m*
G e e et !
i v
] STOP
END
] SUBROUTINE CFIT(NMAX,U,E,A,B,C) ;
] C THIS PROGRAM DOES A SECOND ORDER CURVE FIT TO GIVEN |
3 C HOTWIRE CALIBRATION DATA. g
A C THE EQUATION IS OF THE FORM E**2=A+B*SQR (U)+C*U f
4 C
c
DIMENSION E(50),U(50),Y(50),X2(50),X3(50),X4(50),XY(50),
*x2Y(50) ,X(50) i
C .
C-——mmn ~ ~===~~CHAPTER l---m-r-==m=—mmomemmoo
c
S1=0
5X=0
SX2+0
5X3=0
SK4=0
SY=0 |
SXY=0 g
SK2Y=0 =
C
C--- CHAPTER 2~--~--m=omwesmwoscameee
C
c REPACKAGING X AND Y
c
DO 10 I=1,NMAX
Y(I)=E(1)"*2
X(1)=SQRT(U(1))
C
c CHAPTER 3--~ -
c
X2(1)=u (1)
X3 (1) =u(1)*x(1)
R4(I)=U(1) **2
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sEaleEzlaRaEn N n!
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XY (I)=X(I)*Y (1)

X2Y (1) =XY (I) *X(1) ORIGINAL paGE I8

§I=] OF

SX=SK+X (I) POOR QuaLITY

§X2=SX2+X2(1)

S§X3=5X3+X3 (1)

SX4=SX4+X4 (1)

SY=SY+Y (1)

SXY=SXY+XY (1)

SR2Y=SX2Y+X2Y (1)
USE LEAST SQUARE CURVE FIT METHOD
APPLY CRAMERS RULE TO SOLVE THE THREE EQUATIONS FOR
A,B,AND C.

CONTINUE

Cl=SR2*SX4-SX3*SX3

C2=SX*SX4-SX2%*SX3

C3=SR*SX3-SX2*SX2

DET=SI*Cl-SX*C2+8X2*C3

B1=SKY*SX4-SX2Y*SX3

B2=SXY*SX3-SX2Y*SX2

AAC=SY*C1-SX*B1+SX2*B2

A=AAQ/DET

D1=SX*SX2Y-SX2%*SXY

AAl=SI*B1-SY*C2+SX2*D1

B=AALl/DET

E1=SX*SX2Y-SX2*SXY

AA2=SI* (-B2)-SX¥E1+5Y"C3

C=AAZ2 /DET

RETURN

END

SUBROUTINE C2FIT (IMAX,ANGU,CONST,A,B)

THIS SUBROUTINE DOES A LINEAR CURVE FIT TO THE DATA

SET OF ANGU AND CONST. THE EQUATION IS OF THE FORM Y=A+BX
WHERE A IS THE POINT WHERE X=0(Y-INTERCEPT) AND B IS

THE SLOPE OF THE LINE.

---CHAPTER 1 - -

DIMENSION CONST(50),ANGU(50),X(50),Y (50}

SRY IS THE SUM OF X TIMES Y
SX IS THE SUM OF X
SY IS THE SUM OF Y
SX2 IS THE SUM OF X SQUARED

SXY=0.0
§X=0.0
SY=0.0
S§X2=0.0

Cmmmmmmmm ~-~CHAPTER 2---------- -

REPACKAGING X AND Y
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DO 100 I=1,IMAX
X(I)=ANGU(I)

Y (I)=CONST(I)
CONTINUE

DO 101 I=l,IMAX
SXY=SXY+X (I)*Y(I)
SX=SX+X (1)
SY=SY+Y (1)
SX2=SX2+X (1) **2
CONTINUE
XMEAN=SX/IMAX
YMEAN=SY/IMAX
B=IMAX"SXY-SX*SY
B=B/ (IMAX"*SX2-5X**2)
A=YMEAN-B¥*XMEAN
RETURN

END

SUBROUTINE SUBPLT(Y,XMAX, YMAX,XX,YY,NLAST)

DIMENSION IM(1400),XX(50),YY(50),X(50),Y(50)

DO 1200 J=1,NLAST

X(J)=XX(J)

Y(3) =YY (D)

CONTINUE

WRITE (6,1500)

FORMAT (1H1) ;
CALL PLOT1(0,6,10,5,20) !
CALL PLOT2(IM,XMAX,0.0,YMAX,0.0) f
CALL PLOT3(1H*,X,Y,NLAST,4) ;
CALL PLOT4(3,'R/D') !
RETURN :
END
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SAMPLE ADDRESSED DATA FILES

Ui2382A.DECBM.CAL ,D10523.DATA

3:.48793.956313:63193,869723.76193:81793:87613.929+3.988+4.042,
4.,098v4,151,4.,21094.2594,310

3:502+3,568r3:63493.700,3.761+3.817+3.873+3.924+3.981+4.032,
4.08B8r4.142¢4.198+4.247,4.298

U12382A,DECEM .EXP.[110523.P15.DATA

4,344r4,:344+4.33794.322¢4.318r4,30094.27494.244+4,198,4,125»
4,061¢3.998¢3:910¢3.807¢3.7619v3:719¢3,63923:619¢3.595,3:.575
4,30524,30594:.30504.30594.29694.206v4.27494:.242+4,220,4,.159»
4o112!40046l30973?3090°!30824!3o763l3o734!30675!30631'30614
0.0725+0.0742+0.0798v0.090420.,0975+0.1166+0:.1395s0.1612y
0:1943+0,2086y0.,2282,0,2288r0,2384y0.2431v0.239620.2447
0:.2466+0.2424+0.,238646+¢0,2399
0.0466¢0,0492y0,051090,0589+0.,0468520.075990,0948,0.1125,
0:.134850.150070:162990.1729¢0:174990.1725+0,1693,0.1653»
0.1587¢0.149450.138420,1227
35:0235.0935:0035:0936:0736.0939:0939.0039.0939.0¢3%.0,39.0»
379:.0039.,0939.0739:0+39.0¢39.0¢39:0+39,0
35:0935:0+35.0735:0936.0736.0939:0939:0739.,0239:.0139.0:39,0»
39:00v39.0939:0¢394092392.0¢39.0¢r39.0+39.0
254,09255:0,230.0v277.:.0+338,09377:0r520.00626.0¢706.09734,0
715409676:.0/599.0¢505:0+459.02372,.00324.0+241.07186.0+133.,0

g+ v s R B £ B =T

o

K
£
!

U12382A . DECBM.MISC.D10523.P15.DATA

3r2398311:5r2:0190:010:.0+74,2+27.094.39674:33022.81+2.87
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