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Nomenclature

side to side dimension of square duct; equivalent diameter of
square duct

rib height

roughness Reynolds number, (e/D)Re(f/Z)%

average roughness Reynolds number, (e/D)Re(?/Z)%
friction factor

average friction factor in a duct with two opposite ribbed walls

ratio of ribbed duct average friction factor to four sided smooth
duct friction factor

conversion factor

mass flux, oV

heat transfer coefficients

heat transfer roughness function

average heat transfer roughness function

thermal conductivity of fluid

the distance between the wall and the position of zero shear stress

test section length for friction pressure drop

Nusselt number, hD/K

average Nusselt number in a duct with two opposite ribbed walls
pressure drop across the test section

rib pitch

ratio of ribbed duct pumping pgower to four sided smooth duct
pumping power, (f/f )/(3t/st )3

Prandtl number of fluid

heat transfer rate per unit surface area



R momentum transfer roughness function

R average momentum transfer roughness function

Re Reynolds number, GD/u

Rav average ray length of the duct

St Stanton number, Nu/(Re Pr)

St average Stanton number in a duct with two opposite ribbed walls

St/St ratio of ribbed duct average Stanton number to four sided smooth
duct Stanton number

T temperature

T dimensionless temperature

T+ average dimensionless temperature

Tb buTk mean temperature of fluid

Tw local temperature at the wall

Tw average lateral temperature at the wall

u velocity

u+ dimensionless velocity, u/u*

Thl average dimensionless velocity

u* friction velocity (T/p)%

v average velocity of fluid

X the axial distance from the heated test duct
Y distance from the wall

z the lateral distance from the centerline of the duct
a flow attack angle

0 average density of fluid

u average viscosity of fluid

vi



T wall shear stress

n efficiency index of the ribbed duct, (St/St )/(¥/f )
Subscripts

s smooth side walls in a duct with two opposite ribbed walls

R ribbed side walls in a duct with two opposite ribbed walls

r four sided ribbed duct

LDE Long Duct Entrance

SCE Sudden Contraction Entrance
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HEAT TRANSFER AND PRESSURE DROP IN BLADE COOLING
CHANNELS WITH TURBULENCE PROMOTERS

1.0 SUMMARY

This is the final report for the program of Heat Transfer and Pres-
sure Drop in Blade Cooling Channels with Turbulence Promoters. This
project was conducted by the Texas A&M University and was funded by
Curtis Walker at the U.S. Army Research and Technology Laboratories
(AVRADCOM). The project was monitored by Robert Boyle at the NASA-Lewis
Research Center under NASA Grant No. NAG 3-311.

Repeated rib roughness elements have been used in advanced turbine
cooling designs to enhance the internal heat transfer. Often the ribs
are perpendicular to the main flow direction so that they have an angle-
of-attack of 90 degrees. The objective of the project was to investigate
the effect of rib angle-of-attack on the pressure drop and the average
heat transfer coefficients in a square duct with two opposite rib-
roughened walls for Reynolds number varied from 8,000 to 80,000. The
rib height-to-equivalent diameter ratio (e/D) was kept at a constant
value of 0.063, the rib pitch-to-height ratio (P/e) was varied from 10
to 20, and the rib angle-of-attack (o) was varied from 90° to 60° to
45° to 30°, respectively. Two types of entrance conditions were exam-
ined, namely, long duct and sudden contraction. The heat transfer coef-
ficients distribution on the smooth side wall and on the rough side wall

at the entrance and the fully developed regions were measured.



For the long duct entrance the results showed that the heat trans-
fer decreased monotonically with distance for all angles-of-attack. In
the fully developed region, the heat transfer coefficients of the ribbed
side wall was about 2.5 to 3.0 times that of the four sided smooth duct
and the heat transfer coefficients of the smooth side wall was also en-
hanced by 30-80% due to the presence of the ribs on the adjacent walls;
whereas the average friction factor was increased about 3 to 10 times
depending upon the rib P/e ratio, angle o, and Reynolds number. Best
thermal performance was achieved at angles-of-attack of 30 and 45 degrees

for both P/e ratios. At o = 30° the heat transfer was 5% greater than

at o = 90°, but the friction factor was reduced by approximately 30%.

At o = 45° the heat transfer was 25% greater than at o = 90°, and the
friction factor remained the same. Semi-empirical correlations for
friction factor and heat transfer coefficients were developed to ac-
count for rib spacing and rib angle over the range of Reynolds number.
The correlations can be used in the design of turbine blade cooling
passages.

For the sudden contraction entrance the results were different.
The variation of heat transfer was a function of the P/e ratio. At a
P/e of 10 the heat transfer did not decrease monotonically with distance
for all angles-of-attack. At a = 60° for example, the heat transfer
increased between an X/D of 3 and 8, reaching a maximum that was 50%

greater than that for o = 90°. Further away from the entrance the re-

sults were similar to the long duct entrance results. For a P/e of 20



the results were similar to the long duct entrance results at all angles-

of-attack. The P/e = 10 had a slightly better performance than the P/e

= 20.



2.0 INTRODUCTION
2.1 Background

One of the well known methods to enhance the heat transfer from a
surface is to roughen the surface by the use of two-dimensional repeated-
ribs on the surface. However, the increase in heat transfer is accom-
panied by an increase in the pressure drop of the fluid flow. Many in-
vestigations have been directed toward developing predictive correlations
for a given rib geometry and establishing a geometry which gives the best
heat transfer performance for a given pumping power.

Fully developed turbulent heat transfer and friction in tubes with
repeated-rib rougheners have been studied extensively [1-7]. Consider-
able data also exists for repeated-rib-roughness in an annular flow
geometry in which the inner annular surface is rough and the outer sur-
face is smooth to simulate the geometry of fuel bundles in advanced gas-
cooled nuclear reactor [8-12]. Based on those previous studies, the
effects of rib height-to-equivalent diameter ratio, e/D, and rib pitch-
to-height ratio, P/e, on the heat transfer coefficients and friction
factor over a wide range of Reynolds number are well established. Re-
cently, Han et al. [6] used a parallel-plate channel geometry to study
the effect of rib height-to-equivalent diameter ratio, rib pitch-to-
height ratio, and rib angle-of-attack (See Figure 1). They concluded
that a 45° angle-of-attack provided superior performance at a given fric-
tion power when compared to ribs at a 90° angle-of-attack. The similar

results had been reported by Gee and Webb [7] who conducted forced con-



vection heat transfer in helically rib-roughened tubes. However, in some
applications, such as gas turbine airfoil cooling design, the heat trans-
fer enhancement is required on two opposite walls of the cooling passages
in order to remove more heat transferred from airfoil external surface
which is directly exposed to the hot gases flow. The current advanced gas
turbine blade cooling system, as sketched in Figure 2, the turbulence
promoters (i.e., repeated-ribs) with a 90° angle to the flow have been
cast onto the two opposite walls of the shaped internal passages [13-15].
The internal passages can be approximately modeled as that the flow in a
rectangular channels with two opposite rib-roughened walls. The heat
transfer and friction characteristics in channels of this kind may be
different from those of circular tubes, parallel-plates, or annuli. The
only available data was reported by Burggraf [16] who studied the square
duct with two opposite rib-roughened walls with a rib flow-attack-angle
of 90°, rib pitch-to-height ratio of 10, and rib height-to-equivalent
diameter ratio of 0.055. Air was the working fluid; constant wall temper-
ature was the boundary condition. Three types of entrance conditions

% t01.3 x 10°,

were tested over Reynolds numbers (Re) from 1.3 x 10
namely, downstream of a fully developed hydrodynamic flow (long duct en-
trance), downstream of a rounded entrance from a plenum (short duct en-
trance), and downstream of a 180° bend, respectively. For the long duct
entrance case, Burggraf found the augmentation of the Nusselt number on
the ribbed side wall was 2.38 times the fully developed smooth duct flow

values when the characteristic dimension was taken as twice the plate

spacing (twice the hydraulic diameter for a square duct). The augmenta-



tion of the friction factor was approximately 8.6 times that of the
smooth duct results. There was also enhancement of the smooth side wall
heat transfer by 19% over the all smooth correlations. He also reported
similar trends for the case of a short duct entrance and for the 180°
bend tests. In this study the emphasis was placed on the effect of en-
trance conditions on the heat transfer coefficients. Only one particular
rib angle-of-attack (i.e., a = 90°) was tested. Since then, no study
has been reported to optimize the rib angle-of-attack in the blade cool-
ing channels in order to obtain the best heat transfer performance for a
given flow pressure drop. No further study to investigate the effect of
channel aspect ratio on the heat transfer and friction can be found in
the open Titerature. Moreover, the data of the local heat transfer coef-
ficient distributions on the smooth side wall and between the ribs of
the rough side wall are lacking. Therefore, basic research in this area
is warrentable.
2.2 Program Objective

The objective of the project was to investigate the effect of rib
angle-of-attack on the friction factor and the average heat transfer
coefficients in a square duct with two opposite ribbed walls for Reynolds
number varied from 8,000 to 80,000. The rib height-to-equivalent dia-
meter ratio (e/D) was kept at a constant value of 0.063, the rib pitch-
to-height ratio (P/e) was varied from 10 to 20, whereas the corresponding
rib angle-of-attack (o) was varied from 90° to 60° to 45° to 30°, respec-
tively. Two types of entrance conditions were examined, namely, long

duct and sudden contraction, respectively. The heat transfer coeffi-



cients distribution on the smooth side wall and between the ribs of the
rough side wall at the entrance and the fully developed regions were
measured. Thermal performance was compared, and the optimum rib flow-
attack-angle was identified. Semi-empirical correlations for friction
factor and heat transfer coefficients were developed to account for rib
spacing and rib angle. The correlations can be used for gas turbine

blade cooling passages.
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3.0 SQUARE DUCT WITH LONG DUCT ENTRANCE

3.1 The Experimental Apparatus

The construction of the apparatus with a long duct entrance was
completed before this project started on August, 1982. The purpose of
this apparatus was to provide the friction factor and the average heat
transfer coefficients data for flow in the fully developed region.
Figure 3 shows a schematic, and Figure 4 shows a photograph of the test
rig.

A blower forced air at room temperature and pressure through a
10.16 c¢m (4 in) diameter tube equipped with a 5.08 cm (2 in) diameter
ASME square-edged orifice plate to measure flow rate. A transition sec-
tion was used between the tube and the unheated entrance duct. At the
end of the heated test duct, the air was exhausted into the atmosphere.
The blower was capable of providing a range of air velocities so that the
Reynolds number (Re) in the test duct varied between 7,000 and 90,000.

The test duct which consisted of four heated parallel aluminum
plates, 0.635 cm (0.25 in) thick, as shown in Figure 5, had cross-
sectional dimensions 7.6 cm by 7.6 cm (3 in by 3 in) and a heated length
of 20 duct diameters. The duct orientation was such that the two op-
posite rib-roughened walls of the square cross section were vertical and
the two opposite smooth walls horizontal. These ribbed walls were made
by gluing square brass ribs to the plate surface in a required distribu-
tion. The ribs serve as turbulence promoters to trip the laminar sub-
layer of the turbulent flow. The glue thickness of the present study was

estimated to be 0.0127 cm (0.005 in) or less. A 0.159 cm (0.0625 in)
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thick asbestos strip was adhered along the contact surface between the
smooth and the ribbed walls to reduce the possible heat conduction effect.
Woven heaters embedded in silicone rubber were glued uniformly between
the aluminum plate and a wood panel to insure godd contact. Each alumi-
num plate had one woven heater; each heater could be independently con-
trolled by a variac transformer and provided a controllable constant
heat flux for the entire test plate. The entire heated test duct, in-
cluding unheated end duct, was mounted centrally in a long horizontal
enclosure of cross-sectional dimensions 30.5 cm by 30.5 cm (12 in by 12
in). The enclosure was filled with fiberglass insulating material. The
unheated entrance duct had the same cross-section and length as those of
the test duct although the entrance duct was made of plexi-glass plates.
This entrance duct served to establish hydrodynamically fully developed
flow at the entrance to the heated duct. Additionally, the entrance
duct was ribbed over its Tength on two opposite walls in the same way as
the test duct. The test section was instrumented with 36, 36 gauge,
copper-constantan thermocouples distributed along the length and across
the span of the aluminum plates, as shown in Figure 6. Thermocouples
were also used to measure the bulk mean air temperature entering and
leaving the test section. Five pressure taps along the test duct (three
on the smooth side and two on the ribbed side) were used for the static
pressure drop measurements across the test duct.
3.2 Analysis of Data

The pressure drop across the test section was measured by a micro-

manometer and checked by an inclined manometer. In fully developed duct
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flow, the friction factor can be determined by measuring the pressure
drop across the flow channel and the mass flow rate of the air. The

friction factor can be calculated from:

F o= ap (1)
4(L/D)(6%/20g,)

During the experiments, it was seen that the magnitude of the
pressure drop was about the same when measured from the pressure taps
on the smooth side or on the ribbed side wall. Therefore, the friction
factor, calculated from equation (1) was an average value (i.e., average
friction factor) over the smooth side wall and the ribbed side walls.
The average friction factor of the present investigation was based on
the adiabatic conditions (tests without heating). The maximum uncer-
tainty in the average friction factor was estimated to be less than 6.6%
for Reynolds number greater than 10,000 by using the uncertainties esti-
mation method of reference [17].

For the longitudinally constant heat flux boundary condition of the
present investigation, the thermally fully developed region is character-
ized by wall and fluid temperatures that increase linearly as a function
of longitudinal position. The longitudinal distribution of the fluid
bulk mean temperature was represented as a straight line connecting the
measured values at inlet and exit. Typically, at downstream distances
ranging from 3 to 5 hydraulic diameters from the start of heating the
wall temperature data paralleled the aforementioned bulk temperature

straight line. During the tests, it was found that the ribbed surface
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heat transfer capability was higher than that of the smooth surface.
Consequently, the ribbed wall temperature was lower than the smooth one.
In order to reduce the possible heat conduction effect between the smooth
wall and the rough wall, the heat input to the smooth wall was controlled
at about 2/3 to 4/5 that of the rough wall. Therefore the temperature
difference between the adjacent walls was maintained between 0.6°C to
1.8°C (1°F to 3°F) in all tests. Additionally, in order to reduce the
thermocouple inaccuracy, which strongly affects the calculated heat
transfer coefficient, the temperature rise of air was maintained between
11°C and 17°C (20°F and 30°F), and the temperature difference between the
wall and fluid was maintained between 22°C and 33°C (40°F and 50°F) in
all tests.

The heat transfer coefficients to be reported here will be termed
spanwise-average since they describe the average value of the full 7.6 cm
(cross-sectional) span of the heated wall. The spanwise-average Nusselt
numbers in the fully developed region (for example X/D = 11.5) can be

calculated from:

Nug = [a2/(T, - T,) J(0/K), (2)
Nu =3 (Nug + Nup) : (4)

The q; and qﬁ represent the net heat flux from the smooth side wall and
the ribbed side wall to the fluid, respectively, whereas (Tw - Tb)S and
(Tw - Tb)R are the thermal driving forces averaged over the span of the
smooth wall and the ribbed wall in the fully developed region, respec-

tively. The net heat flux is the heat flux generated from heater sub-
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tracting from heat loss to outside and from axial heat conduction in the
test section, i.e., q" (net) = q" (heater) - q" (loss) - g" (net heat
conduction). The maximum heat loss from the smooth side wall and the
ribbed side wall was estimated to be less than 5% and 3% for Reynolds
number greater than 10,000, respectively, while the maximum net heat
conduction inside the smooth wall and the ribbed wall in the fully de-
veloped region was estimated to be less than 4% and 2% under the lower
heat generation conditions. It is noted that the amount of the net heat
conduction was not taken into account for the Nusselt number calculations
because they were not enough thermocouples distributed in the neighbor-
hood of X/D = 11.5 for the accurate temperature gradient calculations.
Equation (2) was used for the smooth side wall Nusselt number calculation
and equation (3) was for the ribbed side wall while equation (4) was for
the average Nusselt number in a duct with two opposite ribbed walls.
Notice that the ribbed side heat flux, qﬁ, was based on the projected
heat transfer area (not including the increased rib surface area). The
maximum uncertainty in the Nusselt number was estimated to be less than
6.8% for Reynolds number greater than 10,000.
3.3 Experimental Results
3.3.1 Friction and Heat Transfer for Smooth Duct

Before initiating experiments with rib-roughened walls, the friction
factor and heat-transfer coefficients were measured for a four sided
smooth duct and compared with the results given in the literature, as
shown in Figure 7. As seen by the figure there is good agreement between
an existing correlation and the experimental results for the present
smooth duct with 7.6 cm by 7.6 cm cross-section. The friction factor

differs by up to 9.0% from the modified Karman-Prandtl equation [18], and
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the Nusselt number differs by up to 9.5% from the Petukhov-Popov equation
[19]. This showed that accurate data would be expected for the cases
with ribbed walls. The modified Karman-Prandtl equation for the four

sided smooth duct friction factor by Brundrett (18] is:

/() = 4.0 1oglo[Re(f)%] - 0.4 + 4.0 Tog, (2Rav/D) (5)

Where

2Rav/D

1.156 for square duct
The Petukhov-Popov equation for the four sided smooth duct heat transfer
[19] is:

Nu = (f/2)Re Pr/[1.07 + 12.7 (f/2)2(Pe?/3 - 1)] (6)
3.3.2 Friction and Heat Transfer for Ribbed Duct

The ribs had a square cross-section and were glued onto the surfaces

in patterns to achieve the desired spacing and angle-of-attack. Table 1

Table 1. Rib Geometry Tested for Long Duct Entrance

P/e = 10 P/e = 20
Friction Heat Transfer Friction Heat Transfer

a = 90°% X X X

= 75° X X X

= 60° X X

= 45° X X X

= 30° X X X

= 15° X X

Note: For A1l Tests: e/D = 0.063, Re = 7,000 to 90,000.
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shows a total of 11 rib geometries tested for the square duct with long
duct entrance. The tabulated data is given in section 7.1 Appendix.
Only the most representative results will be discussed here.

The average friction factor vs Reynolds number for the different rib
angle is shown in Figures 8-9. For the o = 90°, 75°, 60°, and 45°, the
friction factor approaches an approximately constant value as the Reynolds
number increases while the friction factor decreases with Reynolds number
when the a = 30° and 15°. For the case of P/e = 10, the friction factor
with a = 90° is about 3-10 times higher than the four sided smooth duct
over the range of Reynolds number. The friction factor with a = 45° is
about the same as a = 90°, however, it decreases by 20-40% when the o

changes from 90° to 30°. It is noted that the friction factor with o =

60° (or 75°) is about 50% higher than o = 90°. The results with P/e
20 has the similar trends as P/e = 10, however, the friction factor is
relatively reduced as shown in Figure 9.

Figures 10-13 are the typical temperature distribution of the
ribbed side wall and smooth side wall along the test section. It is
seen that the ribbed side wall heat flux is higher than the smooth side
wall. Therefore the Nusselt number of the ribbed side’wall is higher
than that of the smooth side wall as shown in Figures 14-17. It is
seen that the Nusselt number approaches a constant value for X/D greater
than 5.

The Nusselt number shown in Figures 18-23 were based on the fully
developed region results (i.e., X/D = 11.5). The data show that the
Nusselt number (therefore the heat transfer coefficients) increases with

increasing Reynolds number as in conventional turbulent pipe flow.
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Figures 18-20 show the results for P/e = 10. As indicated in Figure 18,
the Nusselt number of the ribbed side wall with o = 90° is about 2.5

times higher than that of the four sided smooth duct. The Nusselt number
with o = 30° is about the same as a = 90°; whereas the Nusselt number with
a = 45° (60°, and 75°) is about 25% higher than that a = 90°. As seen
from Figure 19, the Nusselt number of the smooth side wall is also higher
than that of the four sided smooth duct by 30-80% due to the presence of
the ribs on the adjacent walls. It is observed that the ribs with an
oblique angle to the flow has more influence on the smooth side walls.
Therefore the average Nusselt number (average of the ribbed side and the
smooth side walls) for the ribs with an oblique angle to the flow is higher
than that the rib with a 90° angle to the flow, as shown in Figure 20.

The results for P/e = 20 has the similar trends as P/e = 10, however, the
heat transfer is relatively reduced as shown in Figures 21-23.

The orientation of the ribs with respect to the thermocouples in the
fully developed region (X/D = 9.7 - 15.3) is shown in Figures 24-27. It
is noted that the thermocouples under ribs read close to the other thermo-
couples because of the aluminum plate. The local Nusselt number variation
in both streamwise and spanwise directions is less than 6% for o = 90°
and 30°. The Nusselt number of the ribbed side wall is greater than the
smooth side wall. The heat transfer of P/e = 10 is greater than P/e = 20
and o = 30° is greater than a = 90°. The heat transfer increases with
increasing Reynolds number.

3.4 Thermal Performance Comparison
Figures 28-29 show the friction factor and Stanton number vs the rib

angle-of-attack. The data of the 0° angle-of-attack was obtained from
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the present smooth duct results. Both the friction and heat transfer
increase with decreasing a, and reach a maximum value at o approximately
70°-60°, then decrease with further decreasing o. It is noted that the
amount of the friction factor decrease is relatively larger than that of
the Stanton number when the rib angle-of-attack changes from 90° to 30°.
This suggests that the best thermal performance may be obtained at the
rib flow-attack-angle around 30°.

Figures 30-37 show the thermal performance vs average roughness
Reynolds number (é+). The f/f increases with increasing é+ while the
St/St is insensitive to &' as seen from Figures 30-33. These considera-
tions suggest that the preferred operating condition is for smaller er.
This is illustrated in Figures 34-35 which show the efficiency index (n)
vs a’. However, it should be noted that the et is estimated 'to be varied
from 200 to 500 in the gas turbine cooling application. It is clearly
seen that the best n is obtained with the 30° flow-attack-angle. It should
be noted that the best performance angle was reported about 45° for flow
between parallel-plates and in tubes (i.e., four sided ridded duct) by
the previous investigations [6-7]. Based on these observations, it may
be concluded that the best rib angle is shifted from a 45° to a smaller
angle of 30° when the square duct has only two opposite ribbed walls.

One of the performance evaluation criteria was to compare the re-
duced pumping power for equal heat transfer load and surface area oper-
ating at fixed total flow rate and entering fluid conditions [7]. Figures
36-37 show the reduced pumping power (P/P, pumping power for ribbed
duct relative to pumping power for smooth duct) vs &t for the data of

this study. Again the 30° oblique ribs provide the highest performance
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(i.e., the Towest pumping power required for a given heat load and sur-
face area) for P/e = 20, but the difference between 30° and 45° is
reduced when P/e = 10.

3.5 Friction and Heat Transfer Correlations

For the results of rib-roughened surfaces to be most useful, general
correlations are required for both the friction factor and the heat
transfer coefficients which cover a wide range of parameters (e/D, Re,
P/e, a).

Since Nikuradse [20] found the law of the wall and developed the
so-called friction similarity law to correlate the friction data for
fully developed turbulent flow in tubes with sand roughness, the method
has been successfully extended to correlate the friction data for turbu-
lent flow in tubes with repeated-ribs roughness [2]. Assuming that the
same method can be applied to flow in a four sided ribbed duct, the Taw
of the wall can be expressed by the dimensionless velocity profile nor-

mal to the wall:
ut = 2.5 an (y/e) + R(e") (7)

Integration of equation (7) across the cross-sectional area of a flow
channel gives:

it = -2.5 + 2.5 an (2/e) + R(e") (8)

Where & is the distance between the ribbed wall and the position of zero
shear stress (i.e., 2 = 1/2 D). The dimensionless average velocity
across the channel in a four sided ribbed duct can be written in terms of

the friction factor, fr’ as:

it = (28,0} (9)
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Inserting equation (9) into equation (8), the friction similarity law

for flow in a four sided ribbed square duct yields

R(e) = (Z/fr)% + 2.5 n (2¢/D) + 2.5 (10)

Assuming that equation (10) can be applied for flow in a square duct with
two opposite ribbed walls, by replacing R and f for R and fr’ the fric-

tion similarity law of the present study becomes
R(8T) = (2/F)% + 2.5 2n (2¢/D) + 2.5 (11)

It should be noted that R(e+) and fr is for flow in a four sided ribbed
duct, whereas R(é+) and f is for flow in a two opposite ribbed duct. It
is expected that ﬁ(é+) is larger than R(e+) for a given e/D ratio because
f is smaller than f.. Han and Lei [22] found that all the data of the
different e/D ratios (e/D = 0.021 to 0.063) can be correlated into one

value of R (R

n

5.2) in fully rough regime for a given rib anglie-of-
attack (o = 90°), and rib pitch-to-height ratio (P/e = 10). This is why
we only need to study one value of e/D ratio (i.e., e/D = 0.063) in order
to determine R. Once R is experimentally determined, the friction factor
can be predicted from equation (11) for a given e/D ratio.

Correlation of the present friction data is shown on Figures 38-39.
The data for the non-geometrically similar roughness are displaced due to
their different value of P/e and a. The R is independent of &t for o =
90° to 45° while the R increases with increasing é+ (because £ decreases
with increasing Reynolds number) for o < 45°. The dependence of R on P/e
and o shown in Figure 40 is
)2

R/[(P/e/10)0-3% (0.003 &)™) = 15.6 - 31.6(a/90°) + 21.1(a/90° (12)
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Where n = 0 if o 2 45°, n = 0.17 if o < 45°. It is noted that the dis-
continuity of equation (12) at o slightly smaller than 45° is estimated
to be less than * 8% when the &' is varied from 200 to 500 in the gas
turbine cooling design. The friction factor can be found by combining
equations (11) and (12). The correlation can be used for blade internal
cooling design.

Dipprey and Sabersky [21] developed the heat transfer similarity law
to correlate heat transfer data for fully developed turbulent flow in
tubes with sand roughness. This similarity method has been extended to
correlated heat transfer data for turbulent flow in rib-roughened tubes
[2]. It is assumed that the same method can be applied for flow in a
four sided ribbed duct using the heat and momentum transfer analogy,
giving a dimensionless temperature profile normal to the ribbed wall as:

T" = 2.5 an (y/e) + H (et, Pr) (13)
Integrating equation (13) over the flow channel cross section and com-

bining with equations (8) and (9), produces:
™= (2780 - R(e") + B (eF, pr) (14)
Where the dimensionless average temperature profile can be expressed by
=+ _ %
T = (fr/2) /Str (15)

Substituting equation (15) into equation (14), the heat transfer similar-

ity law for flow in a four sided ribbed duct yields
+ + 3
H(e*, Pr) = R(e") + [f,/(25t,) - 11/(f,/2) (16)

Assuming that equation (16) can be applied for flow in a square duct with

two opposite ribbed walls by replacing H, R, ¥, St for H, R, f., and St
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respectively, the heat transfer similarity law of the present study

becomes
i (&, pr) = R(ET) + [F/(25t) - 11/(F/2)? (17)

Correlation of the present heat transfer data is shown in Figure 41.
No significant dependence of H on P/e is observed. For a Prandtl number
of 0.7 of the present study, the dependence of H on a and a" can be

represented by
A (8%) = 3.74 (o/90°)0:3 (87)0-28 (18)
If A, R, and T are known, then the average Stanton number can be found as
St = §/[(A - R)(2F)* + 2] (19)

The correlation can be used for blade internal cooling design.

In design consideration, correlations for the ribbed side wall
Stanton number (StR) and the smooth side wall Stanton number (Sts) may be
necessary. Assuming that equation (17) can be used to correlate the
ribbed side wall heat transfer data by replacing HR and StR for A and

St, one obtains
Ho(8%, Pr) = R (&%) + [F/(2sty) - 11/(F/2)* (20)

Heat transfer correlation of the ribbed side wall is shown in Figure 42,
the best curve fit can be represented by

0.14

o/ (Pe/10)%1% = 2.83(a/90°)0- (e+)0-28 (21)

If H,, R, and % are known, the ribbed side wall Stanton number can be

R’
determined as
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St = F/L(H, - R)(2F)? + 2] (22)

After obtaining St and StR from equations (19) and (22), the smooth side

wall Stanton number can be found by

StS =2 St - StR (23)
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Upper photo: Test rig with long duct entrance

Lower photo: Opposite ribs at a = 30°

Figure 4. Photograph of test rig with long duct entrance
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4.0 SQUARE DUCT WITH SUDDEN CONTRACTION ENTRANCE
4.1 The Experimental Apparatus

The construction of the apparatus with a sudden contraction entrance
was completed by November, 1982. The purpose of this apparatus was to
provide data of the pressure drop and the local heat transfer coeffi-
cients on the smooth side wall and between the ribs of the rough side
wall for flow in the entrance and in the fully developed regions.

Figure 43 shows a schematic, and Figure 44 shows a photograph of the
test rig.

A 5 HP blower forced air through a 10.16 cm (4 in) diameter pipe
equipped with a 3.8 cm (1.5 in) diameter orifice plate to measure flow
rate. A plexiglass plenum with a cross section of 38 cm by 38 cm (15
in by 15 in) and a length of 76 cm (30 in) was connected between the
pipe and the test duct to ensure that the air entering the test duct
was uniform and had a sudden contraction condition. The contration
ratio was 5:1. A round corner with a radius of 0.63 cm (0.25 in) was
provided between the plenum and the test duct. The test section was de-
signed to simulate the inlet condition of the cooling flow in the turbine
blade. At the end of the test section, the air was exhausted into the
atmosphere. The Reynolds number in the test duct was varied between
8,000 and 80,000.

The test duct which consisted of four parallel stainiess steel
plates was constructed in the same way as that of the long duct entrance
condition. The detail description of the test duct can be referred to

paragraph 3.1. The stainless steel plates were used to replace aluminum
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because of their Tow thermal conductivity, so that the local temperature
distributions (therefore the local heat transfer coefficient distribu-
tions) on the smooth side wall and between the ribs of the rough side
wall at the entrance and the fully developed regions could be measured.
The test section was instrumented with 78 thermocouples distributed
along the Tength and cross the span of the stainless steel plates, as
shown in Figure 45. Thermocouples were also used to measure the bulk
mean air temperature entering and leaving the test duct. Six pressure
taps (two on the plenum and four on the test duct) were used for the
static pressure drop measurements, as shown in Figure 46. The air flow,
pressure drop, electrical heat input, and temperature measurements
systems are shown in Figure 47.
4.2 Analysis of Data

Equation (1) can be used to determine the friction factor for flow
in the fully developed region. The average friction factor, %, was
based on the adiabatic conditions. The maximum uncertainty of f was
estimated to be less than 6.5% for Reynolds number greater than 10,000.

In heat transfer measurements, the local wall temperature distribu-
tions were measured by thermocouples. The heat transfer rate into the
test duct can be calculated from Watts meters. The local bulk mean air
temperature can be calculated for the given heat input. Then the local

Nusselt number can be determined by:

qll
Ny = ——s D (24)
TwS - Tb .
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(25)
A A

=

=
0
I

b
Nu= 1 (Nug + NuR) (26)

The q; and qa represents the local net heat flux from the smooth side
and the ribbed side walls to the fluid, respectively; whereas TwS and TwR
is the local wall temperatures on the smooth side and on the ribbed

side, respectively. The net heat flux is the heat flux generated from
heater substracting from heat loss to outside and from axial heat con-
duction in the test duct, i.e., q" (net) = q" (heater) - q" (loss) - g"
(net heat conduction). A computer program was developed to account for
the heat loss and axial conduction effects. The maximum heat Toss from
the smooth side and the ribbed side wall was estimated to be less than
5% and 3% for Reynolds number greater than 10,000; whereas the axial
conduction could be up to 8% at the entrance region in some operation
conditions. Equation (24) was used for the smooth side wall local
Nusselt number calculation and equation (25) was for the ribbed side wall
while equation (26) was for the local average Nusselt number in a duct
with two opposite ribbed walls. Notice that the ribbed side heat flux,
qﬁ, was based on the projected heat transfer area (not including the
increased rib surface area). The maximum uncertainty in the Nusselt
number was estimated to be less than 6.0% for Reynolds number greater

than 10,000.

4,3 Experimental Results

4.3.1 Friction and Heat Transfer for Smooth Duct
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Before initiating experiments with ribbed walls, the pressure drop

and heat transfer were calibrated for a four sided smooth duct and com-

pared with the results given in the Titerature.

Figure 48 shows the

friction factor and heat transfer coefficients vs Reynolds number for

flow in the fully developed region.

correlation and the present data is reasonably well.

The agreement between the accepted

The friction factor

differs by up to 8.5% from the modified Karman-Prandtl equation [18],

and the Nusselt number differs by up to 8.0% from the Petukhov-Popov

equation [19].

Based on these smooth duct resuits, the apparatus was

ready to reproduce data for flow in the same duct with two opposite

ribbed walls.

4.3.2 Friction and Heat Transfer for Ribbed Duct

Table 2 shows a total of 9 rib geometries tested for the square

duct with sudden contraction entrance.

7.2 Appendix.

as follows.

The tabulated data is given in

Only the most representative results will be discussed

Table 2. Rib Geometry Tested for Sudden Contraction Entrance
P/le = 10 P/e = 20
Friction Heat Transfer Friction Heat Transfer
o = 90° X X X X
= 60° X X X X
= 45° X X X X
= 30° X X X X
= 15° X
Note: For All Tests: e/D = 0.063, Re = 8,000 to 80,000.
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Figures 49-52 show the pressure drop (AP = P - Patm) along the duct
(X/D). The 60° rib flow-attack-angle produces a higher pressure drop
than 90°, 30°, and smooth duct for P/e = 10 or 20 and for Re = 20,000
or 56,000. It is noted that the pressure distribution is approximately
a linear when X/D > 3 for all tests. Those figures also indicate that
the sharp pressure drop between the plenum and the duct entrance is
about a constant value for a given Reynolds number regardless the rib
angle in the square duct.

Figures 53-54 show the average friction factor vs Reynoids number
for flow in the region with X/D 2 3. For the o = 90°, 60°, and 45°,
the friction factor approaches an approximately constant value as the
Reynolds number increases while the friction factor decreases with
Reynolds number when the o = 30° and 15°. For the P/e = 10, the fric-
tion factor with o = 90° is about 3-10 times higher than the four sided
smooth duct over the range of Reynolds number. The friction factor
with o = 45° is slightly less than o = 90°, however, it decreases by

30-40% when the o changes from 90° to 30°. The friction factor with

o = 60° is about 50% higher than o = 90°. The results for P/e = 20

generally agrees with that for P/e = 10 except with a relatively lower
values as shown in Figure 54. It is noted that the friction data in
X/D 2 3 with sudden contraction entrance are almost identical to those
with long duct entrance as discussed in paragraph 3.3.2 (Figures 8-9).
Figures 55-58 show the typical temperature distribution of the
ribbed side wall and the smooth side wall along the test section. The

ribbed side wall heat flux is higher than the smooth side wall which
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means that the ribbed side Nusselt number is larger than the smooth

side. It is noted that the wall temperature distribution for the smooth
duct and the o = 90° is very similar to that the conventional turbulent
pipe flow, indicating the smooth transition from the entrance to the
fully developed region. However, the wall temperature distribution (rib-
bed or smooth side) for the o = 60°, and 30° has “"overshoot" at X/D about
3 then decreases to a minimum value at X/D about 9, then increases again
along the test duct. This wall temperature "overshoot" characteristics
found for all tests of a = 60°, 45°, 30°, P/e = 10, and Re = 8,000 to
80,000. These wall temperature profiles were used for heat loss and wall
heat conduction calculations in order to obtain the local net heat flux
into the cooling air, then the local Nusselt number could be determined
from equations (24) and (25).

Figures 59-62 show the typical local Nusselt number distribution
along the centerline in both ribbed side and smooth side walls for dif-
ferent rib flow-attack-angle at different P/e and Re. It is noted that
every thermocouple was located at the middle between two adjacent ribs
along the centerline of the ribbed side wall. The local Nusselt number
of the four sided smooth duct is included for comparison. It is seen
that the local Nusselt number distribution for o = 90° decreases mono-
tonically with distance for all Reynolds numbers, this is similar to that
the smooth duct results except that the former has a larger values (both
ribbed side and smooth side walls). However, the Nusselt number for
a = 60° (and 30°) reaches a minimum at X/D = 3 then increases to reach
a maximum value at X/D ¥ 9 and decreases with further increasing X/D.

The minimum Nusselt number occurs at X/D = 3, while the maximum Nusselt

number occurs at X/D = 8.9. This overshoot distribution is diminished
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when the P/e changes from 10 to 20, or when the test section connecting
with a long duct entrance, as shown in Figure 62 and Figure 63,
respectively.

The data shown in Figures 64-69 were based on the average value of
the local Nusselt number as X/D = 2.85 to 16.81. The data show that the
Nusselt number increases with increasing Reynolds number as the conven-
tional turbulent pipe flow. Nusselt number of the ribbed side wall with
a = 90° is about 2.5 times higher than the four sided smooth duct as
shown in Figure 64 for P/e = 10. The Nusselt number with a = 30° is
about 20% higher than a = 90°, while the Nusselt number with o = 45° and
60° is about 25% and 33% higher, respectively. Figure 65 shows that the
Nusselt number of the smooth side wall is also enhanced by 50-100% due to
the presence of the ribs on the adjacent walls when o changes from 90°-30°-
45°-60°. It is noted that the ribs with an oblique angle to the flow has
more enhancement on the smooth side walls. Figure 66 shows that the aver-
age Nusselt number for the ribs with an oblique angle to the flow is higher
than o = 90°. The results for P/e = 20 has the similar trends as P/e = 10
except that the enhanced value is lower as shown in Figures 67-69. It is
noted that the heat transfer data for sudden contraction entrance has the
same trends as those for long duct entrance, however, the former has about
5-15% more enhancement when the ribs have an oblique angle to the flow.

The local Nusselt number augmentation on the smooth side wall and
between thé ribs of the rough side wall at the entrance and the fully
developed regions is shown in Figures 70-74. The numerator represents
the local Nusselt number in either the ribbed side wall or the smooth side

wall, whereas the denominator represents the local Nusselt number in the
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four sided smooth duct at the same corresponding locations. It is seen
that the ribbed side wall has a much higher enhancement than the smooth
side wall. In general, the Tocal Nusselt number enhancement decreases
with increasing the Reynolds number because the denominator increases
with increasing Re, the fully developed region has more enhancement than
the entrance region because the denominator in the entrance region is
higher, the ribs with an oblique angle has more augmentation than the
transverse ribs (o = 90°), and the P/e = 10 has more enhancement than P/e
= 20. It is seen that there are no significant Nusselt number variations
as shown in these figures. This is because the heat conduction inside
the 3" thickness stainless steel wall of the present investigation. In
the actual gas turbine engine, it is expected that the Nusselt number
variations between two adjacent ribs will be larger than those indicated
in Figures 70-74 because the wall heat conduction in turbine blade is
relatively smaller than the present test duct.
4.4 Thermal Performance Comparison

Figures 75-76 show the average friction factor and average Stanton
number vs the rib angle-of-attack. The data of the 0° angle-of-attack
was obtained from the present smooth duct results. Both the friction and
heat transfer increase with decreasing a, and reach a maximum value at o
about 60°, then decrease with further decreasing o. It is noted that
the amount of the friction factor decrease is relatively larger than that
of the Stanton number when the rib angle-of-attack changes from 90° to
30°. This suggests that the best thermal performance may be obtained at
the a around 30°.

Figures 77-84 show the performance vs average roughness Reynolds

number. The f/f increases with increasing &" while the St/St is
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almost independent of é+ as shown in Figures 77-80. These considerations
suggest that the preferred operating condition is for smaller &', Again,
the real application range of & is about 200 to 500. Figures 81-82 show
the efficiency index, n, vs af. It is seen that the best n is obtained
at a = 30°. This is the same optimum operating rib angle as discussed in
paragraph 3.4 for square duct with lTong duct entrance condition.

Figures 83-84 show the reduced pumping power vs &', Again the ribs
with an oblique angle to the flow require the lowest pumping power for
a given heat Toad and surface area at fixed total flow rate and entering
fluid conditions.

It should be noted that the thermal performance comparisons was
based on the flow in the region where X/D 2 3. The plenum related
pressure drop for sudden contraction entrance was not taken into account
for comparisons. Therefore the results with sudden contraction showed
a better performance than that with Tong duct entrance at the same o,
as seen from Figures 36-37 and 83-84. The existing correlations of equa-
tions (5) and (6) were employed for the smooth surface calculation of
the friction factor and Stanton number in both of long duct and sudden
contraction entrances. It is expected that the thermal performance for
two types of entrance conditions should be the same for a given flow rate
and rib geometry if the pressure drop caused by sudden contraction is
considered.

4.5 Friction and Heat Transfer Correlations

Equation (11) was employed to correlate the average friction data.
Figures 85-86 show that the non-geometrically similar roughness are dis-
placed due to their different value of P/e and a. The R is independent

- 1 e s cpr s R
of 8" when o 2 45° while it increases with increasing e when o < 45°.
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The correlations between R, P/e, and o shown in Figure 87 is

R/[(P7e/10)23(0.0009 &¥)"] = 21.9 - 47.9(0/90°) + 31.6(a/90°)%  (27)
Where

n=0 if o2 45°

n=0.14 if o< 45°

It is noted that the discontinuity of equation (27) at a = 45° can be up
to 102 at &' = 500. The average friction factor can be found by combining
equations (11) and (27). It is noted that equation (27) is very similar
to equation (12).

Equation (17) was employed to correlate the average heat transfer

data. The correlation as shown in Figure 88 is

R (%) = 2.12 (p/e/10)0°17 (oy90°)0-3 (&%)0-37 (28)
compare equation (28) to equation (18), it is seen that A slightly
depends on P/e and higher slope of é+ for sudden contraction condition,
although the slope of a is the same. If H, R, and ¥ are known, then the
average Stanton number can be found as from equation (19).

The correlations between HR’ P/e, and o shown in Figure 89 is

Hy = 1.58 (P/e/10)°*17 (a/90°)0-3 (&%)0-3 (29)
Equation (22) can be employed to determine the ribbed side wall Stanton
number (StR), whereas equation (23) can be used for computing the smooth

side wall Stanton number (Sts).
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Upper photo: Test rig with sudden contraction entrance

Lower photo: Instrumentations and measurements facilities

Figure 44. Photograph of test rig with sudden contraction entrance
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5.0 CONCLUSIONS AND RECOMMENDATIONS
An experimental study of turbulent air flow in a square duct with
two opposite rib-roughened walls has been performed. Two types of
entrance conditions have been examined. The effect of rib angle-of-
attack on the heat transfer coefficients and friction factor have been
investigated. The following conclusions can be drawn:
1. Long duct entrance: For P/e = 10, the average Nusselt number of
a = 90° is about 2 times higher than that the four sided smooth
duct whereas the average friction factor is about 3 to 10 times
higher. The average Nusselt number of o = 30° is about 5% higher
than o = 90° while the average friction factor is about 20-45%
Tower. At a = 45° the average heat transfer is 25% greater than
at o = 90°, and the average friction factor remains the same.
The results for P/e = 20 has the similar trends as those of
P/e = 10, however, the friction and heat transfer enhancement
are relatively reduced.
2. Sudden contraction entrance: For P/e = 10, the average Nusselt
number of o = 90° is about 2 times higher than that the four
sided smooth duct while the average friction factor is about 4-6
times higher. The average Nusselt number of o = 30° is about
20% higher than a = 90° while the average friction factor is
about 20-45% lower. The ribs with an oblique angle to the flow
(o = 30°, 45°, or 60°) has a relatively higher heat transfer
coefficients distribution (over shoot distribution) along the duct

(after X/D 2 3) than the ribs with a transverse angle to the
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flow (o = 90°). The over shoot distribution is diminished when
P/e = 20 or when the test section with a long duct entrance.
For both types of entrance conditions: The efficiency index
for the a = 45° - 30° is about 30-50% higher than that the a =
90°, whereas the pumping power requirement (based on the same
heat transfer duty and surface area) for the a = 45° - 30° is
about 20-50% lower than that the o = 90°. The pumping power
requirement for the P/e = 10 is about 20-30% lower than that
the P/e = 20 for the same rib angle-of-attack. The conclusion
is that the best thermal performance is achieved at angles-of-
attack of 30° and 45° for both P/e ratios.

The thermal performance of this study is based on the average
data of X/D = 2.85 to 16.81. The efficiency index (or the
reduced pumping power) for sudden contraction entrance is higher
than that for long duct entrance under the same flow rate and
rib geometry. The sudden contraction entrance from the plenum
causes a relatively higher heat transfer in the duct (X/D 2 3),
simultaneously it also creates a higher pressure drop at the
entrance region (X/D % 0) which was not taken into account for
comparison in this study.

Correlations for the average friction factor, the average heat
transfer, and the ribbed-side-wall heat transfer have been
obtained to account for P/e, o, and & for both types of entrance
conditions. The correlations can be used for turbine blade

internal cooling design.
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7.0 APPENDIX
7.1 Tabulated Data for Long Entrance Duct
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Re » aP f Re » ab i
(kg/sec)  (om W,0)  » 10° (ko/sec) (o 4,0)  x 108
83,000 0.1185 0.6802 4.773 75,000 0.1066 5.2654 45.18
81,000 0.1120 0.6436 4.842 68,000 0.0972 4.3104 45.49
Four 74,000 0.1029 0.5532 4.912 Ple = 10 61,000 0.0868 3.3914 44.88
mn 71,000 0.0991 0.5177 _ 4.923 o 60° 52,000 0.0749 2.5248  &4.59
62,000 0.0860 0.405% 5.12) e/D = 0.063 43,000 0.0612 1,6993 44.82
55,000 0.0758 0.3272 5,382 30,000 0.0434 0.8585 4.7
50,000 0.0690 0.2754 5.459 21,000 0.0298 0.4280 46.51
42,000 0.0587 0.2184 5.743 17,000 0.0247 0.3048 47.88
32,000 0.0440 0.1255 5.959 16,000 0.0230 0.2654 47.41
21,000 0.0287 0.0569 6.353 11,000 0.0163 0.1422 48.30
15,000 0.0208 0.0325 6.971 6,500 0.0094 0.0584 53.26
15,000 0.0206 0.0305 6.472
11,000 0.0160 0.0193 6.683 86,000 0.1213 4.4196 30.79
8,500 0.01202 0.0117 7.286 77,000 0.1080 3.5230 30.82
7,200 0.0100 0.0071 6.790 Ple = 10 70,000 0.0985 2.9134 30.69
5,800 0.0082 0.005} 6.815 o = 45° 54,000 0.0760 1.7678 31.18
e/D = 0.063 44,000 0.0621 1.1608 30.63
76,000 0.1070 3.5865 31.10 38,000 0.0538 0.8890 30.8)
P/e = 10 69,000 0.0982 2.9413 30.94 31,000 0.0441 0.6071 31.78
s = 90° 62,000 0.0877 2.3927 31.15 22,000 0.0313 0.2850 31.49
e/D = 0.063 58,000 0.0820 2.0853 31.51 19,000 0.0272 0.2464 33.68
54,000 0.0758 1.7882 31.54 16,000 0.0233 0.1854 34.54
43,000 0.0693 1.4732 31.24 12,000 0.0168 0.0991 35.14
44,000 0.0620 1.1913 31.37 7,700 0.0109 0.0419 35.48 |
38,000 0.0538 0.8865 30.98
31,000 0.0440 0.6071 31.75 89,000 0.1249 2.5502 16.67
22,000 0.0314 0.3150 32.22 P/e = 10 76,000 0.1077 1.9482 17.09
37,000 0.0239 0.1803 31.83 a = 30° 69,000 0.0982 1.6510 17.43
15,000 0.0213 0.1463 32.33 e/D = 0.063 62,000 0.0877 1.3320 17.61
12,000 0.0164 0.0889 33.14 54,000 0.0753 1.0363 18.27
8,900 0.0127 0.0559 34.61 44,000 0.0620 0.7112 18.7¢4
5700 0.0081 0.0223 35.38 31,000 0.0440 0.3937 20.50
22,000 0.0313 0.2184 22.32
76,000 0.1077 5.4966 47.67 19,000 0.0274 0.1676 22.2€
69,000 0.0981 4.3314 47.33 13,000 0.0186 0.0864 28.52
| 62,000 0.0876 3.8966 4.1 2,500 0.0107 0.0356 29.2¢
P/e = 10 53,000 0.0758 2.6772 46.87
s = 75° 43,000 0.0619 1.719 45.40 88,000 0.1245 1.6281 10.61
e/0 = 0.063 31,000 0.0438 0.8941 46.49 76,000 0.1075 1.2395 10.82
21,000 0.0298 0.411% 45.9% P/e = 10 69,000 0.0980 1.0770 11.32
18,000 0.0253 0.2934 45.38 s = 15° 62,000 0.0875 0.8661 11.41
16,000 0.0233 0.2438 44.69 e/D = 0.063 53,000 0.0757 0.6223 10.84
11,000 0.0161 0.1118 42.59 44,000 0.0618 0.4674 12.29
6,900 0.0100 0.0356 34.88 31,000 0.0438 0.2565 13.37
21,000 0.0297 0.1270 14.31
17,000 0.0250 0.0965 15.30
12,000 0.0178 0.0546 17.00
8,600 0.0124 0.0318 19.36
6,900 0.0100 0.0216 21.21
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Re . P f
(o/sec) (a0 a10°
83,000 0.1164 3.2080 23.26
Ple » 20 73,000 0.1029 2.5248 23.38
.90 82,000 0.0875 1.8161 23.24
e/D = 0.063 49,000 0.0691 1.1354 23.36
4,000 0.0619 0.9017 __ 23.12
31,000 0.043% 0.4548 23.71
16,000 0.0233 0.1245 __ 23.38
7,900 0.0132 0.030% 23.22
76,000 0.1075 3.65 31.73
P/e s 20 69,000 0.098) 3.0015 31N
o = 75 §3,000 0.0757 1.8059 31.65
e/D = 0.063 43,000 0.0618 1.1836__ 31.01
31,000 0.0438 0.6007 31.23
21,000 0.0302 0.2883 31.54
17,000 0.0250 0.1994 31.54
16,000 0.0235 0.1727 31.07
11,000 0.0158 0.0787 31.17
7,100 0.0103 0.0368 34.38
85,000 0.1207 3,264 22.6)
Ple » 20 76,000 0.1076 2.6060 22.6%
. - a5t 69,000 0.098] 2.1590 __ 22.62
e/D = 0.063 62,000 0.0877 1.6967 22.28
54,000 0.0758 1.2802____22.45
44,000 0.0620 __ 0.833] __ 21.85
31,000 0.00 __ 0.4343___ 22.60
19,000 0.0269 0.1702 23.41
14,000 0.0198- 0.0927 23.69
7,200 0.0126 0.0267 24.94
86,000 0.1207 1.8618 1292
Ple = 20 83,000 0.1165 1.7348 12.93
. 77,000 0.1077 1.4986 _ 13.07
e/D = 0.063 70,000 0.0981 1.2598 13.27
62,000 0.0877 1.0135___ 13.37
84,000 0.0758 0.7849 13.88
44,000 0.0620 0.5359 14.18
31,000 0.0440 _ 0.2870 _ 15.32
22,000 0.0313 0.1600 16.55
14,000 0.0192 0.0660 18.03
7,500 0.0107 D.0254 22.52
87,000 0.1239 1.3159 B8.59
Ple = 20 81,000 0.1159 1.1582 __ 8.67
a = 15° 75,000 0.1070 1.0033 8.78
¢/D = 0.063 68,000 0.0875 0.8585 9.04
61,000 0.0871 0.6477____ 8.54
53,000 0.0754 0.538%5 S.44
43,000 0.0616 __ 0.3785 9.9
31,000 0.0437 0.0232 10.34
21,000 0.0297 0.1016 11.44
15,000 0.0210 __ 0.0559 _ 12.60
9,600 0.0138___ 0.0254___ 13.2)
7,400 0.0107 0.0178 15.56
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At X/D = 11.5

P/fe =10, o = 90° e/D = 0.063
Re n TR|T )] T [a(RY o (s) InutR) ] nu(s) | nu(avy st(avy & [5t ? n]7 R | R
w w b 2 2 5 /
(kg/sec)] (°C)) (°C) (°C)| (w/m)} (W/m®) x 10 st f P
71,390 0.1021  57.2 57.0 33.1 2873 1853 339.6 221.1 280.4 552 5555 2.2 6.7 0.33 0.63 5.35 19.87
61,405 0.0879 S5.6 55.2 32.8 2335 1426  292.9 182.0 237.5 548 481.6 2.1 6.5 0.32 0.70 5.35 20.04
30,771 0.0440  51.0 50.2 32.9 1141 599 180.3 99.0 139.7 643  282.5 2.02 5.7 0.35 0.69 5.35 16.68
21,452_0.0308  53.0 52.3 34.1 888 475 133.6 73.9 103.8 686 170.9 1.93 5.16 0.37 0.72 5.23 15.76
16,544 0.0239 54.6 54.2 35.6 737 418  109.3  63.5 86.4 740 5.23 14.42
10,173 _0.0148  56.8 56.2 38.1 535 268  B0.1 41.6 60.9 847 82.7 1.93 4.42 0.44 0.61 4.99 12.71
8,314 0.0121 S4.6 54.2 38.3 365 185  62.6 32.6 47.6 813 67.8 1.75 4.32 0.41 0.78 4.83 13.59
P/e = 10, a = 75°, e/D = 0.063
75,534 0.1081 _52.6 54.6 32.8 2873 1968 _415.3 258.2 336.8 632 723.7 2.58 10.44 0.25 0.6] 3.84 21.57
61,301 0.088 53,3 55.3 33.9 2464 1632 360.8 216.8 288.8 667  587.3 2.55 9.89 0.26 0,60 3.84 20.30
43,245 0.0622 54.4 56.1 38,8 1968 1233 _ 284.4 164.2 224.3 735 412.1 2.53  8.85 0,29 0.5 3.88 18.17
20,982 0.0305 9.5 61.2 39.1 1233 811 168.7 102.5 135.6 916 196.9 2,58 7.42 0,35 0.43 3.92 ]3.88
10,235 0.015 _ 60.6 61.5 42.4 666 418 101.8  60.7 81.3 1125 94.4 2.50 S.58 0.46 0,37 3.99 9.97
6,281 0.0092  60.0 60.1 43.4 418 225 69.7 37.3 53.5 1206  57.2 2.39 4.61 0.52 0,34 4.88 8.29
P/fe =10, o = 60°, /0 = 0.063
74,689 0.1072  55.4 55.9 34.2 2873 1968  383.9 256.9 320.4 608 711.8 2.48 10.15 0.24 0.67 3.92 22.27
60,703 _ 0.0873  55.6 56.1 34.7 2464 1632 333. 216.0 274.5 641 570.4 2.45  9.79 0.25 0.67 3.99 20.72
42,694  0.0616  56.9 57.0 35.8 1968 1233 263.6 164.3 214.0 710 405.6 2.45 8.94 0.27 0.61 3.99 18.45
20,569 0.0300  62.9 62.7 40.5 1328 811 _ 165.5 102.0 133.8 922 198.1 2.60 7.58 0.34 0.43 3.92 13.77
10,567 0.0156 64.1 63.4 43.4 811 418 108.6 57.9 83.3 1113 102.8 2.56 6.45 0.40 0.38 3.78 11.24
6,385 0.0094 65.9 64.6 45.4 599 268 80.5 38.4 59.5 1323 62.8 2.65 6.02 0.44 0.32 3.41 9.57
P/e = 10, a = 45°, e/D = 0.063
71,729 0.1025 _ 53.9 53.8 32.5 2873 1853 _ 383.6_ 248.5 316.1 625 550.9 2.5 _ 6.78  0.37 0.43 5.35 17.24
61,653 0.083  52.6 52.0 32.0 2335 1426 323.5 204.0 263.8 607 475.8 2.33  6.53  0.36_0.52 5.35 17.83
52,457 0.0750  56.9 57.9 36.8 2087 1527 291.2 203.3 247.3 668 408.2 2.43 6.33 0.38 0.44 5.35 |5.96
30,965  0.0442  48.1 47.2 32.1 1141 599 204.8 113.8 159.3 729 242.9 2.28 5,71 0.40_0.48 5,23 14.68
30,177 0.0840  61.3 62.4 40.0 1527 1054 _195.9 128.8 162.4 763 238.9 2.38 5.61 0.42 0.42 5.23 13.90
21,150 0.0311 66.1 65.9 43.7 1328 811 _164.0 100.7 132.4 886 170.1 2.50 5.16 0.48 0.33 5.23 11,60
6,571 0.0098  72.5 72.4 49.9 666 365  80.4 48.2 62.3 1342 5.1 2.68 4.09_  0.66 0.21 4.88 10.87
Ple = 10, a=30°,  e/0 =0.063
83,719 0.1205 60.7 60.7 35.1 3016 2210 332.8 244.6 288.7 488 478.8 2.05 3.82 0.54 0.44 B8.17 16.22
74,439 0.1073  60.5 60.6 35.5 2733 1968 309.4 221.6 265.5 506 432.1 2.07 3.8  0.54 0.43 8.01 15.81
52,257 0.0756 _ 60.9 60.7 36.7 2087 1426  243.2 167.0 205.1 557 309.8 2.03  3.74 0.54 0.45 7.86 14.73
42,625 0.0617 _ 59.7 59.5 37.2 1781 1181 217.1 144.0 180.6 601 261.4 2.15 3.65 0.59 0.37 7.58 13.88
17,027 0.0252  62.7 62.5 40.9 969 535 123.6  69.0 96.3 802 115.8 2.11 3.56 0.5 0.38 6.55 10.84
13,464 0.0200 59.5 59.0 40.8 737 _ 365 108.5 52.3 B80.4 861  93.5 2,13 3.5 0.61 0.36 6.3 10.18
9,637 0.0141 59.8 58.8 41.6 599 268 91.5 43.4 67.5 989  69.6 2.22 3.46 0.64 0.32 5.93 9.07

128




At X/D = 11.5

Ple = 20, a» 90°, /D = 0.063
Re o [T T 1, fetr) [atts) Inuir) | wues) | mutavy secavy & [se 1 n | R f
(kessec)| (*O)f (*0)] () (wn?N (w/m?) x 10° AR VA /
81,775 0.1169 55.0 56.0 32,5 2464 1853 312  225.3 268.7 466 551.6 1.94 .34 0.36 0.73 6.55 20,59
72,552 0.1034 51.4 52.0 31,3 1968 1426 281.6 197.5 240.0 471 489.4 1.90 5.20 0.37 0.76 6.55 20.34
61,679 0.088  54.0 54.6 31.9 1968 1426  255.6 180.5 218.1 501 416.1 1.93 5.0 0.39 0.70 6.55 18.96
48,828  0.0696 53.2 53.7 31.3 1632 1141 213.9 146.6 180.3 523 329.4 1.87 4.7  0.40 0.72 6.55 18.05
30,929 0.0842  53.9 54.0 32.5 1141 737 152.4 97.6 125.0 572 208.6 1.79 4.16 0.42 0.73 6.55 16.28
20,570 0.0295 $6.3 55.9 34.3 888 535 114.6 70.3 92.5 637 138.8 1.78 3.65 0.49 0.65 6.55 14.34
15,471 0.0223  56.4 56.3 35.3 666 418  B9.6 56.6 73.1 669 104.4 1.72 3.38 0.51 0.66 6.55 13.53
11,342 0.0164  56.5 56.1 36.6 535 315 74.7 44.9 59.8 747 76.5 1.74 3.07 0.57 0.58 6.55 11.84
6,587 0.0095 56.2 55.7 38.3 315 149  49.1 24. 36.6 788 48.4 1.58 2.70 0.59 0.68 6.55 11.08]
P/e = 20, o= 75°, e/D = 0.063
73,962 0.1073  59.9 63.3 37.7 2597 2087 328.2 228.9 278.6 534 582.9 2.16 7.0 0.31 0.69 5.29 20.82
42,358 0.0617  62.0 64.7 39.4 1741 1328  214.9 146.2 180.6 604 333.8 2.08 5.96 0.35 0.66 5.29 18.10
20,540 0.0301 67.0 68.8 42.6 1141 811 129.5 85.7 107.6 742 162.1 2.07 4.92 0.42 0.55 5.29 14.24
10,793 0.0159 66.5 67.4 44.4 599 418  74.7 50.0 62.4 819 85.3 1.90 4.13 0.46 0.60 5.29 12.6
6,769 0.0100 64.8 65.3 45.3 365 225  S51.5 30.9 41.2 864  53.5 1.76 3.95 0.45 0.72 4.99 12.70
P/e = 20, a = 45°, e/D = 0.063
83,534 0.1204  60.6 60.3 35.5 2873 2087 323.4 237.9 280.7 478 553.8 1.9 5.11 0.39 0.65 6.75 19.51
67,750 0.0979  62.8 62.8 36.6 2597 1853  278.8 198.5 238.7 499 450.1 1.96 4.89 0.40 0.65 6.75 18.58
52,213 0.0756  62.9 63.0 37.3 2087 1426 229.6 155.9 192.8 523 348.4 1.90 4.59 0.41 0.67 6.75 17.600
30,238 0.0439 5.1 65.3 39.8 1426 969 157  106.1 131.6 617 203.5 1.93 3.95 0.49 0.55 6.75 14.51
18,230 0.0268_ 68.2 68.1 42.5 1054 666  113.9 72.1 93.0 724 123.8 1.96 3.67 0.53 0.49 6.55 12.30
12,182 0.0179 66.7 66.6 43.6 737 418 88.3 50.3 69.3 808 83.6 1.92 3.29 0.58 0.46 6.45 11.11
6,755 0.0100 68.0 67.3 45.2 535 268  64.7  33.4  49.1 1031 46.7 2.10 2.91 0.72 0.31 6.27 B.17
P/e = 20, o = 30°, /D = 0.063
B3,115 0.1197 65.9 65.9 35.4 3016 2335 279.7 216.5 248.1 423 418.8 1.76 2.95 0.60 0.5 9.72 16.38
73,656 0.1066  67.4 67.4 37.2 2733 2087 253.7 193.7 223.7 _ 430_375.4 1.72 2.9 0.58 0.58 9.72  16.07
59,841 0.0869  67.6 67.4 38.2 2335 1741 222.5 166.8 194.7 461 310.7 1.74 2.84 0.61 0.54 9.49 15.10
51,617 0.07% 66.1 65.8 38.6 1968 1426 199.9  146.5 173.2 475 _272.8 1.73 2.83 0.61 0.55 9.27 14.93
2,092 0.0613  66.8 66.5 39.3 1741 1233 176.7 126.4 151.6 511 227.8 1.76 2.79 0.63 0.51 9.07  13.99]
29,746 0.0435  67.9 67.6 40.5 1426 969 144.9 99.7 122.3 582 164.7 1.82 2.72 0.67 0.45 8.68 12.45|
h7,223  0.0253  68.2 67.9 42.9 969 599  106.1 66.3 86.2 709 101.3 1.87 2.65 0.71 0.41 8.01 10.51
8,757 0.0132 _ 70.3 69.7 45.9 666 365  75.  42.1 58.6 946  55.0 2.06 2.63 0.78 0.30 7.08  B.19
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7.2 Tabulated Data for Sudden Contraction Duct
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Re m L 6 fice
(1bm/sec) (in H20) {in HZO)
7,600 0.0237 0.007 0.003  0.0084
Four sided 12,800 0.0397 0.020 0.006 0.00674
19,800 0.0624 0.057 0.019  0.00608
smooth
39,200 0.122 0.203 0.062  0.00525
58,400 0.181 0.481 0.124  0.00496
80,800 0.251 0.732 0.219  0.00481
8,500 0.0263 0.008 0.015  0.031
P/e = 10 13,800 0.0429 0.026 0.038  0.0272
a " 90° 20,200 0.0626 0.056 0.083  0.0279
e/D = 0.063 40,200 0.125 0.246 0.316  0.0287
56,900 0.1765 0.36 0.64 0.0285
82,300 0.256 0.90 1.33 0.0288
7,800 0.0243 0.006 0.017 0.0445
P/fe = 10 13,200 0.0411 0.022 0.049  0.0438
a = 60° 20,400 0.0634 C.052 0.115  0.0432
e/D = 0.063 39,200 0.122 0.21 0.459  0.0462
56,600 0.1758 0.41 0.904 0,045
82,000 0.255 0.9 1.874  0.0466
8,200 0.0255 0,008 0.015 0.0294
P/e = 10 13,200 0.0411 0.024 0.035  0.0282
a = 45° 19,900 0.0619 0.056 0.080  0.0303
e/B = 0.063 39,300 0.122 0.241 0.283 0.0287
58,400 0.181 0.408 0.578  0.027
81,200 0.252 0.90 1.11 0.0265
8,200 0.0255 0.008 0.009  0.0259
Ple = 10 13,300 0.0414 0.022 0,026  0.0224
a = 30° 20,200 0.0626 0.056 0.052 0.0211
e/D = 0.063 39,100 0.121 0.214 0.187  0.0194
57,700 0.179 0.437 0.376 __0.0174
80,600 0,250 0.875 0.692  0.0165
_7,960 0.0247 0.009 0.009  0.0235
Ple = 20 14,000 0.0435 0.025 0.029 _ 0.0265
a = 90° 20,100 0.0625 0.057 0.063 _ 0.0256
e/D = 0.063 39,300 0.122 0.245 0.218 __ 0.0261
56,800 0.176 0.44 0.49 0.0246
81,000 0.251 1.0 0.96 0.0268
8,400 0.0261 0.009 0.012  0.030
Ple = 20 14,300 0.0442 0.027 0.038 _ 0.0317
a = 60° 20,200 0.0627 0.054 0.077 _ 0.0316
/D = 0.063 40,200 0.125 0.23 0.309  0.0312
56,900 0.177 0.57 0.638  0.0332
82,500 0.256 0.84 1.40 0.0341
7,900 0.0244 0.009 0.008 0.0211
Ple = 20 14,000 0.0435 0.025 0.029  0.0215
a = 45° 20,800 0.0645 0.05 0.06 0.0212
/D = 0.063 39,300 0.122 0.21 0.215  0.0224
57,900 0.180 0.36 0.444  0.0222
80,900 0.251 1.85 0.864  0.0226
8,000 0.0250 0.011 0.008 0.0173
v/: : :g, 20,500 0.0635 0.06 0.045  0.0154
/D = 0.063 39,300 0.122 0.22 0.146  0.0139
57,800 0.180 0.45 0.29  0.0134
80,900 0.251 0.85 0.534  0.0129
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RUN NUNMBER=2101$08-00/00 €/0=0,000 P/E= 0.00 ALPA= O D= 2.9% IN
PR=.71 ADOTe 0238 LBM/SEC RE= 7068, WGEIR)* 109.5 B8TU/HR=S0 FT
QGELS)= 109.5 INLET TERP= 79.1 F TATA= 73.3 F PATA=14.064 PSIA

x/0 TulR} Twis) TBULK QGAS(R) QGAS(S) MIIR) NU(S) NU(AY) ST(AV)

«32 111.9 1ll2.0 195 129.9 112.9 65.2 5645 6049 «0l1101

«95 118.4 118.4 80.3 104.5 104.5 L LY 44,6 4446 «00807
1459 124.9 124.8 8l.1 99.5 9843 36.9 36406 36.7 «0006060
2022 130.9 130.5 2.0 9%.6 97.0 31.7 324 32.1 +00582
2,85 13%.9 135%.4 82.8 9.9 8946 28.0 270 27.8 «00504
3.49 139.6 1387 83.0 9le4 95.8 26.4 28.1 272 «00495
4e12 142.0 1412 84,4 101.9 97.2 2846 27.06 28.1 «00512
470 14403 143, 8%.2 98.0 101.8 2648 28.4 2746 «00%02
8439 146e2 145.0 86.1 98.0 97.3 2642 2606 264 «00482
6e06 148.7 147.2 87.7 100.0 101.3 26,3 27.3 26.8 «00491
7493 150.6 149.4 89.3 99.7 99.9 2601 2648 26.4 00483
9,20 151.9 151.0 9.0 100.1 100.1 2642 2646 2644 «004806
11.73 153.4 153.0 94.3 100.8 10045 27.1 2742 27.1 «00501
14427 19%5.1  154.7 97.5 99,2 100.0 27.2 27.06 27.4 «00508
1491 1%5.2 1%55.0 8.4 101.2 99.2 281 277 2749 «00517
16,81 155.8 154.8 100.8 95.5 95.8 27.3 27.9 2740 #0051«

FULLY DEVELOPED REGION 3 NJIRIIRFD= 27,42 NULS)3SFDe 27.00 NUCAVIIAFDe 27,51

RUN NUNBER=211H$12-00/00 €/020.000 P/E= 0.00 ALPA= O 0= 2.9%6 IN
PRe,T1 MDOTe .0421 LBAM/SEC REe 13573, QGE(R)= 185.7 BTU/HK=SQ FT
QGE(S)= 182.9 INLET TENP= 78,9 F- TATRe 71,8 F PATA=L4 0] PSIA

X/0  Tw(R) TW(S)  TBULK QGASER) QGASIS)  hUR) NU(S) NULAV)  STLAV)
e32 107.8 107,2 79.3 202.6 188.1 115.7 109.7 112.7 «01151

«95 115.9 115%.6 80.1 180.8 178.1 82.1 3l.4 81.8 «00836
1.59 124.0 124.0 80.8 170.7 165.3 6443 6241 6342 00647
2022 130.9 131.0 8l.0 170.1 16640 56.0 S4.0 593 «00566
2.85 136.7 13646 02.4 16645 162.7 49.7 A8.0 9.1 «00504
3.49 141.0 140.6 83.2 167.0 169.7 4643 47.8 474 «00486
4e12 144.0 143.9 84.0 177.7 168.9 47.8 4545 4.7 «00480
4e76 147.0 146.5 84,7 175.0 174.7 45.3 45.7 45.5 «00469
5439 149.7 149.0 85.5 172.5 169.8 43.3 43.1 43.2 «00445
6006 153e4 15264 87.1 17%.1 174.0 424 42.8 420 200440
793 156.) 1%55.8 88.6 175.8 172.0 416 4l.1 LI Y] +00428
9420 158.9 158.4 90.2 17407 1726 40.7 40.5% 40.6 « 00421

11.73 16201 1625 93.3 17601 172.8 40.7 39.7 4042 «00419
14027 166.0 16643 96.4 17249 171.1 39.3 38.8 39.0 «00408
14,91 1663 16649 97.2 176.6 171.9 40,5 39.0 39.7 «004106
16481 168.,0 1b38.1 99.06 170.0 167.2 39.1 3d.4 8.8 «00407

FULLY DEVELOPED REGION @ NUIR)SRFD= 39.91 NUES)SSFDe 38499 NULAV)2IAFD= 39,45

RUN NUMBER®212HS20-00/00 E/D=0.000 P/E= 0.00 ALPA= O D= 2.956 IN
PR=.T7L ROOT= ,0626 LBN/SEC RE= 20263, QGE(R)= 224,5 BTU/HR=5Q FT
QGEIS)= 224,53 INLET TEmP= 70.3 F TATA® 71.2 F PATH=14,.064 PSIA

X/0 TetR) TH(S) TBULK QGAS(R) QGASIS) NU(R) NULS) NULAY) STeAV}
032 104.4 104.6 78.6 236.0 213.8 149,2 134.1 141.7 «00972
«95 112.8 113.3 79.3 219.9 219.8 10667 105.2 105.9 200728

1459 121.2 122.0 79.9 20446 202.2 80.5 78.2 Te4 «00540
2422 127.8 128.% 80.5 208e6 20840 n.7 704 71.0 «00489
2.85 133.2 133.9 81.2 203.2 201.3 63.4 62.0 6247 «00432
3.49 136.8 137.2 81.8 206.8 213.2 6l.0 6244 6l.7 «00425
4012 139.1 140.0 8245 217.0 20845 62.0 58.7 60.3 «004l6
4,76 14l.4 14,0 83.1 214.3 216.7 59,5 59.8 59.6 «00412
939 143.4 1435 83.7 212.8 213406 57.6 57.7 57.7 «00399
6.66 14640 145.9 85.0 214406 21802 56e7 57.3 57.0 «00395
7493 147.8 148.3 86.3 21604 21448 S56e8 55.7 56.2 00390
9,20 149.8 150.1 87.6 21408 215.5 55.4 55.3 554 «00385%
11673 152.0 153.3 90.1 21642 215.3 55.9 54.5 55.2 «00385
14,27 155.4 1562 92.7 212.8 214.8 54.0 53.8 53.9 «001377
14,91 155.5 150.9 93.3 217.0 2l4a4 55.5 $3.7 S54.6 +00382
16,81 157.2 158,13 95.2 210.2 210.2 53.8 $2.9 $3.3 «00375

FULLY DEVELDPED REGION 3 NU(R}IRFD= 54,80 NU(S)ESFD= 53.71 NUCAY)3AFD= 54,25
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RUN NURBER=213H340-00/00 €/0=0.,000 PrE= 0.00 ALPA= Q 0= 2.95%6 IN
PR=,.72 m00T= 1209 LBM/SEC RE= 39071, GGE(R)= J4b.4 BTU/HR=SJ FT
QGE(S)= 34,4 INLET TEMP= 8l.3 F TATM= 72,4 F PATRelacb) PSEA

X/ Tw(R) Tw(S} TBULK WQGAStR) QGASLS) NULR) NU(S) NU(AY) STLAY)
«32 104.6 105.8 8.6 33de0 281740 238.3 19¢2.0 21561 «00768
«9% 113.0 114.2 82.1 341.9 J4ele8 17943 172.2 L75.7 «00628

1e59 121.3 122.7 82.0 320.8 320.4 134.0 1294 131.7 00471
2422 127.2 128.5 83.1 3299 32442 121.1 ll6.8 119.0 «00429
2.85 131.7 132.9 8340 326.0 325.6 109.5 106.7 103.1 «00387
3449 134.5 13%.5 8a.l 330.7 337.8 1u6.0 L0642 L06.1 +00380
4012 13b6.2 137.9 84.0 339.4 330.0 106.2 99,9 103.0 «00369
4.76 137.9 139.2 85.1 I4led 339.0 104.4 101.2 102.8 «00369
539 139.9 140.4 85.0 3344 33s.6 9943 99.0 9945 «00357
Gebd 142.2 142.8 86.7 336.14 333.0 97.9 97.0 7.5 00350
Te93 144.2 145.2 87.7 339.7 33d.8 V645 F4.0 33.5 «00344
9.20 146.8 147.8 88.7 337.3 337.0 93.1 9l.b 43 «00333
11.73 150.6 152.3 90.7 3ides 337.8 9G.3 47.0 89.0 00322
14427 15%.7 156.38 92.8 333.6 33645 d4en 3.4 8a,1 .00305
14.91 1%5.8 157.7 93.3 340.9 336.9 d6.7 43.2 83.0 +00308
1681 159.0 1l60.4 94.3 33¢.1 332.5 42.1 8045 8le) .0029¢6

FULLY DEVELOPED REGION 13 NU(R):RFD= 85.90 NULS):SFD~ 83.27 NJU(AV)IAFD= 84.84

RUN NURBER=214M500-00/00 E/0=0,000 P/E= 0.00 ALPA= 0 Je= 2.956 IN
PR=,71 #00T= 1790 LBA/SEC RE= 57%85. QGE(R)= 457.2 BTu/MR=5Q FT
QCE(S)= 57.2 INLET TENP= 35.4 F TATM= 24,9 F PATH=l4.061 PSIA
X/0 Tu(R) Twds) TBULK QGAS(R) QGAS(S}) NUI(R) NU(S) NU(AY) STLAY)
«32 110.0 112.2 85.6 42444 357.6 280.5 2lb6.8 24847 «00603
«95 118.8 121.1 86.1 452.4 452.1 222.9 207.8 2153 .00522
1.59 127.5 130.0 86.5 426.2 422.5 lo7.4 15643 161.8 «00393
2.22 133.1 135.3 87,0 438.6 4339.1 153.0 146.0 14945 «00363
2.85 137.1 139.2 a7.4 436.5 436.8 lak.2 135.06 13d.4 +001336
3.49 139.4 laled 87.9 442.9 449.1 138.0 13447 1loe4 «00332
4e12 140.8 143.5 88.4 450.0 44045 137.% 128.1 132.9 «00323
Ae76  142.2 14445 88.8 45642 449,08 137.0 1295 133.2 «00324
5¢39 144.4 145.4 89.3 44302 450.7 128.7 128.6 128.7 00313
6eb66 146.4 147.3 90.2 449.0 44902 127.9 124.8 126413 «00308

7.93 148.5 150.1 9l.1 45049 449.5 125.4 121.0 12345 «00302
9420 151.5 15247 92.0 447.1 448.4 119.48 117.8 1is.8 00291
11.73 155.0 157.5 93.8 449,7 448.) 116.9 111.9 Lla.4 «00230

14427 16l.1 162.7 95.6 492.5% 447.0 107.2 105.7 10604 «002062
14,91 16l.0 163.8 96.1 4%3.0 42 7.0 110.5 10%.6 107.6 «00265
16.81 1lb64.6 186.7 97.5 442.0 442.7 104.0 10Ll.1 102.6 «00253

FULLY DEYELQPED KEGION 3 NULR)SRFD=10v.65 NU{S)tSFD=10%,82 NULAY):AFD=107.74

RUN NUMBER=215H580-00700 €/0+0.300 P/E= G.00 ALPA= O Js= 2.956 IN
PR=a,71 A00T= ,2500 LBA/SEC REe= 80872. QGE(R)= 599,2 aTU/HKR-5Q FT
QCE(S)= 599,2 INLET TEMPe 81.8 F TATN= 72,0 F PATA=LA.064 PSIA
x/0 TatR} Twis) TBULK QGAS(R) QGAS(S) NU(R]) NULS) NULAY) STLaAv)
«32 105.4 109.0 82.0 524.2 454.9 383.2 27342 Jl4d.2 00550
<95 114.2 117.8 82.4 594.6 594.2 303.5 272.0 287.8 +00497
1.59 122.9 126.6 82.9 56647 562.8 228.9 20d.1 218.5 «.00378
2.22 128.3 131.6 83.3 582.1 583.) 209.2 195.3 202.2 «00350
2.8% 132.3 135.4 83.7 574.) 57641 191.0 180.2 185.6 Q0321
3.49 134.0 137.2 84l $90.0 594.5 191.1 181.0 1856.0 00322
4012 135%.4 1139.) 84,6 59243 581.0 188.1 171.3 179.7 «00311
4.76 135.8 140.1 85.0 599.3 591.8 ldé.b L73.4 180.0 «00312
5039 139.1 140.8 85.4 584.8 59%4.1 175.5 172.9 174.2 +00302
6.66 141.0 143.2 86.3 592.2 591.4 174,2 167.2 170.7 «00297

7.93 143.2 145.0 87.1 593.0 $92.1 170.0 1al.8 L68.4 «00289
920 146.2 1448.5 83.0 589.4 $90.4 162.5 156.0 159.5 00278

1173 149.7 19%3.6 89.7 592.2 390.1 157.9 L47.8 1%52.9 «00267
14.27 1%.1 158.9% .4 58440 590.1 144,2 140.4 142.3 «00249
14.91 156.1 159.8 1.8 595,48 588.8 147.9 138.2 143.0 .002%0

16.81 160.1 183.2 93.1 583.6 584.4 138.7 132.7 135.7 «00233

FULLY DEVELOPED REGION 3 NUGRJIRFO=147.17 NULS):SFO=139,78 NU(AY):AFD=143.47
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RUN NUMBER=255MH08-90/10 E/D0= .00l P/E=10.00 ALPA= 90 D= ¢.956 IN
PRe,71 nDOT= ,0266 LBM/SEC RE= #8520, QGE(R )= 214.d BTU/HK=SQ FT
QGE(S)= 155.2 INLET TEMPe 7745 F TATA= 73.0 F PATH=14,068 PSIA

X/D Tw(R) Tuisy} TBULK QGAS(R) QCASLS) MUIR) NU(S) NUCAV) STav)
e32 115.8 1le.6 78.1 192.7 135.7 83.4 60,7 72.0 «01163
«95 120.6 120.7 79.4 209,95 149.9 82.7 59.0 70.9 «0l1l4s

159 125.4 126.8 80.6 202.8 133.6 7345 47.0 60462 «0097¢6

2022 129.4 130.9 81.8 200.0 143.5 68.1 47.4 57.7 +00937

2485 132.4 134.4 83.1 202.1 135.1 6603 “2.0 54.4 «00885

3.49 13408 13042 84,3 198.0 145.0 63.0 45.1 S54e3 +0088%

412 135%.6 137.8 85.6 207.9 144,11 67.0 44,00 55.8 «00910

476 136.5 136.5 86.8 209.8 148.0 67.9 45.0 5669 «009130

539 137.7 139.4 88.0 206.8 148.5 66.8 LY ] 506 +00927

066 139.8 16l.5 90.5 206.0 147.6 bb.8 463 566 «00929

Te93 141.2 143,5 93.0 209.3 147.1 69,1 LT 57.7 00951

920 143,86 145.4 95.5 206,2 147.6 67.9 46.9 57.4 «00949

1173 147.2 149.8 100.¢ 206.9 146.0 69.6 4645 $8.0 «00966
14427 151.5 152.7 1054 03,2 14643 68.8 4802 96,5 «00930
14,91 151.7 153.4 106.06 208.7 14604 72.2 48.7 60.4 «01014
16«81 154.1 155.6 110.3 201.3 141.5 1.2 48.4 59.8 01009

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2.85 TO X/D=16.81) 3
NUCRIA= 68.58 NU(S)A= 406,75 NUCAYIA= 57,67 ST(AYIA= L0095

Ele)e 04,19 STUAV)/ST(45)=2.09 F/FL4S)=3,5] (ST/STUASIIZUF/FLaS))m 595
SF/FLASIIZIST/STLAS)) 3.0 .38 REBARY= 5,643 HiBAR)= F.942

RUN NUMBER=256HR12-90/10 E/D= ,063 P/E=10.,00 ALPA= 90 D= 2,956 IN
PR=,71 MDO0Te ,Q0397 LBAN/SEC Rgs 12711, QGEIR)e 304.8 BTU/Hk=SQ FT
QGE(S)e 207.3 INLET TENP= 79.0 F TATA= 72,5 F PATH=14,68 PSIa

X/0 Tu(R)} Twts) TBULK QGAS(R) QGAStS) MI(R) NULS) NU(AY) STLAY)

«32 11%5.8 13,0 796 26642 181.1 119.8 88.1 103,.8 «01125
«95 121.1 12041 80.7 29945 20246 120.4 83.5 102.0 01107
159 126,64 127.2 81.9 290.2 180.4 105.6 645 85.0 «00925
2422 130.7 131.7 83.0 28840 192.5 97.8 64.0 80.9 «0088%
2.85 133.6 13%0 84,2 291.4 108.7 9542 60.0 7.6 «00846
3449 135.7 130,38 85.3 29043 200.8 92.9 6249 7.9 «00851
4.12 136.9 138.6 86.5 297.7 194.1 95.1 $9.9 T7.5 «00848
4.76 138.0 139.6 87.0 301.2 200.4 96.0 6l.9 79.0 «00806
5439 139.6 140.6 8.8 294.8 201e4 93.0 62.3 7.6 «0u852
6.66 141.8 143,0 91.1 296.8 200.1 9334 ol.5 1745 «00853
Te93  143.8 145.4 9. 297.8 199.4 94.0 6l.0 77.5 «00856
9420 14642 147.6 957 296.0 200.,0 9249 61.0 77.0 «00853
11.73 150.0 152.6 100.3 297.2 198.5 94,1 59.7 7649 «00857
14,27 155.6 15646 104.9 292.1 199.0 89.9 60.1 750 «000842
14,91 155.9 157.7 106.0 298.7 198.1 93.3 59.8 765 «00860
16.81 159.1 160.9 109.5 290.06 193.4 90.8 58.3 T4eb «00842

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROA X/D=2.85 TO X/D=16,81) 3
NULRJA= 93,10 NU(S)A= 60.53 NUCAVIA= To,.82 STLAV)A= ,008%3

Eledes 95,87 STUAV)/STLAS)=2.11 F/FLAS)e3,9) (ST/STUASII/(F/FLAS))e 530
(F/FLAS)IIZLST/STIAS)) 340w 42 R(BAR)= 5.643 HIBAR)=13.4063

RUN NUMBER=257HRR0~30/10 €/0= 003 P/E=10.U0 ALPA= Q0 0= 2.9%6 1IN
PRe, 71 MDOTe L0642 LBA/SEC REe 20621, QGE(R)s 417.0 BTU/HK=SQ FT
QCE(S )= 235,55 INLET TENP= 80.1 F TATH= 72,7 F PATA=LA,68 PSIA

X/0 Tw(R)  TH(S) TBULK QGAS(R) QGCAS(S) NIER) NULS) Nutav} STiAY)
e32 1le.4 108.8 8046 333.4 19645 160.0 113.0 136.5 +00916
«95 119.7 116.2 81.3 411.9 230.8 174.9 107.7 141.3 «00950

1659 124.9 123.6 82.4 399.7 202.9 152.2 79.6 115.9 «00780
222 128.7 127.6 83.3 406.9 220.4 144,08 30.4 112.6 «007%9
2085 132.0 130.% 84,2 395%.3 219.8 133.5 76e0 105.1 «00709
3.49 133.4 132.2 85,1 40640 22646 13%.5 17.% 106.5 «00719
4012 134,33 133, 86.0 410.3 225.2 136.9 7642 106.5 «00720
4.76 135.1 134.06 86.9 415.4 228.7 138.5 77.2 107.8 «00730
539 136.6 135,35 87.4 40643 228.8 133.06 77.0 105.3 «00714
6.66 138,22 137.5 89.6 409.4 228.4 134.9 Toe4 105.6 «00718
793 139.6 139.4 .4 Atle? 228.3 136.4 759 10642 «00723
9.20 142.0 141.4 93.2 407.8 228.2 133.1 754 104.2 «00712
1173 14404 145,.7 96.9 410.4 226.0 136.6 13.4 105.0 «00721
14,27 149.3 146.3 100.5 40442 227.8 130.1 T4.0 102.3 «00706
14,91 149.2 149,4 10l.4 413.8 22745 135.9 T74.3 105.1 «00720
16081 152.7 15¢.4 1041 403.1 222.7 129.7 72.1 100.9 «00699

FULLY DEVELOPED REGIUON (BASED ON AVERAGE DATA FROM X/0=2.8% TO X/D=16,81) 3
NUIR}A=134,38 NU(S)A= 75.10 NUGAVIA=L04.74 STUAYIAe 00716

Ele)= 155.96 STCAV}I/STL451)=2.03 FIF(aS)ma, a7 (STISTUAS)V/AF/F(AS)Ee .58
(F/FLAS)IZIST/ST(AS)) 3.0= .53 R(BAR)» 5,643 HiBAR)al4,152
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RUN NURBER=258HK40-90Q/10 E/De 40063 P/E=10.00 ALPA= 90 D= 2.956 IN
PRe.T} ROOT= 1220 LBA/SEC RE= 39211. QCE(h)e 698.3 BTU/HK=5Q FT
WGE(S )= 401.8 INLET TENPe 8l.1 F TATH= 71.5 F PATH=l4,08 PSIA

x/0 TWiR) Tuts) TBULK QGAS(R) QGAS(S) NU(R) NU(S) NULAY) ST(av)
«32 116.8 111.6 8l.5 54142 302.2 2%8.7 162.9 20548 «00728
095 122.7 119.7 82.) 692.7 390.5 278.0 171.8 224.9 «00796

199 128.5 127.8 83.1 672.6 358.0 239.5 129.9 184.7 «00655

2,22 132.0 131.1 83.9 688.4 388.0 231l.4 132.8 182.1 «000648

2.85 135.0 133.48 84,7 674.3 385.6 21643 127.3 171.8 «00610

3ea9 13%.9 134.9 85.5 689.2 395.6 22044 129.1 174.8 «00621

4,12 136.6 136.3 8643 691.1 388.7 221.4 125%.1 173.3 «00617
4,76 137.2 137.0 87.1 700.3 394.06 224.17 127.3 176.0 «00627
$.39 139.0 137.6 87.9 684.7 396.7 21542 128.2 171.7 «00613
bbb 140.3 139.7 89.5 690.5 394.3 217.7 125.48 171.8 «00614
T.93 141.5 14148 9.1 693.2 394.3 219.8 124.3 172.0 «00617

9.20 144.0 144.0 92.7 689.1 394.3 214,12 122.5 168.3 +00605
11.73  147.1 149.) 96.0 691.8 392.5 214.3 117.0 165.7 «00598
14,27 153.9 152.6 99.2 683.5 39441 196.8 11643 15048 «00567
14.91 153.8 153.9 100.0 6%6.,0 392.9 20346 11a.8 159.2 00577
16.81 158.6 157.8 102.4 681.9 387.7 190.2 109.7 150.0 «00546

FULLY OEVELOPED REGION (BASED ON AYERAGE DATA FROM X/D=2.85 TO X/D=l6.81) 3
NU(R)A=211,.49 NULS)A=120.77 NUCGAV)IA=16b.13 STLAV)A= .00597

E(e)= 296,89 STEAV)/ST(AS)=2.01 FIFLA5)=5.2) (ST/STUAS)I/(F/FLAS))e 384
(F/FLAS)I/IST/STLAS)) 3.0 o064 R{BAR)= 5,043 H{BAR)=17,502

RUN NUNMBER=259HR20-90/10 E/D* .063 P/E=10.00 ALPA= 90 U= 2.956 IN

PRe, 71 MD00T= .1800 LBM/SEC RE= 57891, QGE(R)= 969.v BTU/HR=5Q FT

QGE(S)= 526.5 INLET TEMP= Bl.5 F TaTne 73,0 F PATN=39,.88 PSIA

x/0 TWi{R) TuW(S) TBULK QGAS(R) QGAS(S) MI(R) NULS) NU(AY) STLAY)

32 1l6.6 113.2 8l.9 774.9 387.9 3el.? 200.7 281.2 «00674

«95 123.5 12144 82.6 96443 52142 38L.7 217.9 299.6 «00719
159 130.4 129.% 83.4 935%.5 478.5 321.3 167.3 244.3 «00587
2422 133.8 132.4 84,1 9634 SLaeb 313.0 171.9 24245 «00583
2.85 137.2 13400 84,8 93%.9 510.4 288.3 165.4 2269 «00546
3.49 137.2 13%.% 85.6 96444 522.8 301.0 168.4 23407 « 005606
4.12 137.4 137.0 86.3 962.8 S51l1e4 303.3 162.4 232.8 «00562
4,76 137.6 137.4 87.1 978.7 519.4 3112 165.8 238.5 «00576

539 139.8 137.8 87.8 953.4 522.6 294.3 167.0 231.0 «00559
6.66 140.8 139.8 89.3 961.8 519.1 299.0 lb4.06 231.8 00502
793 141.5 141.8 90.8 967.1 519.1 304.5 162.5 233.5 00567

9.20 144.0 14349 9262 959.7 519.3 292.1 160.2 22642 «005%0
1173 147.4 149.0 9%.2 964.1 517.5 293.0 152.8 222.8 «00544
14,27 155.1 152.8 98.2 953.6 519.0 26444 150.0 207.2 +00508
14,91 154.8 154.1 98.9 969.0 S517.7 273.7 147.9 210.8 »00517
16.81 160.3 158.2 101.1 952.4 5126 252.9 141.1 197.0 «00485

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2,85 TO x/0=16.81) @
NUIR)A=287.97 NU(S)IA®lS7.12 NUCAY)A®222,54 STLAVIA= 00542

Ele)e 438,063 STULAV)/ST{4S)=2.01 FIFLAS)=5.72 (ST/STC(ASII/LF/FUaS))= ,351
(F/FUASIIZLST/ST(AS)) 3.0= .71 R(BAR)= 5.0643 H{BAR)=1Y.504

RUN NURBER=250MR80-90/10 E/D= .063 P/E=10.00 ALPA= 90 D= 2.958 IN
PR=.71 MDOTe 42520 LBM/SEC RE= 31093, QCE(R)=1163.8 BTU/HR=-ST FT
QGE(S)e 672.0 INLET TEAP= 82.4 F TATH= 74,1 F PATH®14,068 PSIA

X/0 TuiR) Ta($S) TBULK QGASIR) QGAS(S) NULR) NULS) NU{AV) STiAY)
«32 11146 113,58 82.7 968,.3 478.7 542.8 250.9 396.9 «0068)
«9% 119.9 121.5 83.4 1158.8 666.8 513.5 283.2 398.3 <0068

1le59 128.1 129.3 8440 1119.3 623.3 409.9 22244 316.1 «00543

2422 131.5 131.7 84,7 1159.1 664,06 399.7 228.2 313.9 «00540

2485 135.0 133.9 85.3 1123.1 651.5 304.4 21642 290.3 «00500

3.49 134,22 134.4 86.0 Ll63.6 674,2 388.5 2241 306.3 «00528

4012 134.2 136.0 86.6 1157.2 65342 391.2 212.7 302.0 «00521

4.76 13442 136.1 87.3 117644 665.2 402.7 218.9 310.8 «00536

9439 136486 136.2 87.9 L145.5 669.2 377.6 22244 300.0 «00514

6466 137.1F 137.9 89,2 115643 86540 386.8 21848 302.8 «00524

793 137.3 139,64 90.5 1163.2 6065.4 397.4 2166 307.0 «00532

9420 140.7 141l.6 91.8 1153.7 665.4 376.4 213,.2 294.8 «00512

11e73 14343  146.9 4.4 1159.2 663.1 37640 20040 288.6 «00503
14.27 151.9 150.5 97.0 1147.4 665.8 3130.8 196.8 263.8 «00461
14,91 1%1.5 152.1 97.7 1164.9 663.3 34l.06 192.5 267.0 «00467

16,81 157.7 156.8 99.86 1145%.7 657.5 31040 181.1 24548 «00431

FULLY DEVELOPED REGION (BASED OMN AVERAGE OATA FROM X/D®2.85 TO X/0=l6.81) 1
NUIR}A=367.97 NU(S5)A=207.03 NU(AY)IA=287.50 STUAVIA= ,00500

E{e)= 615,05 STCAV)/STLAS)=2,00 F/FLAS)=6.10 (STZSTUSHY/(F/FLAS))e 325
LFIFLAS)I/AST/STLAS)) 3.0% .76 R{BAR}= 5,643 H(BAR)=21.442
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RUN NUMBER=305HK08=-60/10 E/0e 4003 P/E=10.00 ALPA= 60 D= 2.956 IN
PRe.71 M0O0Te .0250 LBM/SEC REe 7967, QGE(R)» 263.¢ BTU/HR-SQ FT
QGEIS)= 152.4 INLET TERPe T77.9 F TATH= 73.3 F PATA=l4,70 PSIA

X/0 Tu(RY Tuts) TBULK QGAS(R) QGCAS(S) NU(R) NU(S) NULAY) STLav)
¢32 123.8 121.8 78.6 215.8 12249 7.9 4004 6261 «01068
«9% 129.5 128.5 80.1 257.1 le6.3 8440 49.2 66.9 «01152

159 135.3 13%2 8l.6 239.7 12242 2.4 37.0 5447 «00944

2,22 138.9 138.9 83.1 255.0 140.1 73.9 40.6 57.3 «00990

285 142.4 142.0 8440 231.8 123.4 64,7 34,7 49.7 «00861

3449 142.9 142,.4 8b6.0 248.0 14t.6 70.2 40.5 $5.3 00961

4012 142.5 142.4 87.5 25540 143.2 74.8 4l.9 58.3 «01015

4.76 142.0 142.2 89.0 259.3 144,.8 78.4 43.0 6l.0 «01064

$.39 142.0 142.0 90.5 253.06 145.9 78.7 45.3 62.0 «01083

660 141.2 142,0 93.5 25d.2 144,.9 86.0 4745 6647 01171

7.93 14al.s 142.0 964 256.5 14549 89.9 50.7 70.3 01238

9.20 142.4 142.5 99. 4 257.5 147.3 94,3 53.8 74.1 «01310

11.73  146.7 147.3 105.3 257.0 145.2 96.9 54,0 754 «01345
14.27 15447 1%3.9 1112 251.2 143.4 89.4 52.0 70.7 01270
14,91 155.7 155.% 112.7 25045 142.0 92.0 51.2 7l.b «01289
16,81 160.6 159.3 117.2 247.2 137.3 T 87.2 49.9 68.5 «01241

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROm X/D=2.85 TO X/0=16481) 3
NULR) A= 87,065 NU{S)IAs 49,47 NU(AVIA® 48,50 STtAYIA= ,01216

Eledes  Ta4.58 STLAV)/STLAS)I=2,60 FIFLAS)=5,24 (ST/STUASII/UF/FLAS)) = (487
(F/FC(AS)IZLST/STLA4S)) 3.0+ .30 R(BAR)= 4,005 H(BAR)= 9,673

RUN NUMBER=306HR12-60/10 E/D= 0613 P/E=10.00 ALPA~ 60 D= 2.95%56 IN
PR=,71 MDOT= ,0419 LBA/SEC RE= 13388, GGEIR)= 374.%1 BTU/HK=SQ FT
QGE(S)= 214.8 INLET TEMP= 79.1 F TAIN= 73,0 F PATM=14.70 PSIA

X/0 Tw(R)  TW{is) TBULK QGAS(R) QGASIS) NULRY NULS) NULAY) STLaY)

¢32 119.1 1ll4a.7 79.7 28404 187.3 117.5 87.1 102.3 «01051

«95 125.0 122.3 81.0 36844 20943 135.9 82.2 109.0 «01122
1.99 130.9 129.9 82.2 3A9.8 179.1 11645 60.8 88,7 «00914
2622 134.5 133.8 83.5 370.3 20046 117.3 6444 90,9 00938
2.85 138.5 136.8 84,7 335.4 189.7 100.0 58.8 79.7 «00824
3,49 138.5 137.5 86.0 362.1 20601 111.0 b4e 87.7 «00909
4.12 137.9 138.0 87.2 367.0 201.2 116.4 63.7 90.0 «00935
4076 137.3 137.7 848.5 371.0 207.6 121.9 67.7 94.8 «00985
539 137.2 137.4 89,7 363.8 208.7 122.7 70.1 6.4 «01004
6.66 135.8 137.2 92.2 370.4 207.7 135.5 73.06 104406 «01093
793 136.0 137.0 94.8 36Y%.6 209.1 142.2 78.6 110.4 «01158
9.20 137.4 137.5 97.3 369.3 211.6 145.5 83.1 114.3 «01203
11.73  143.7 144.4 102.) 38,1 207.4 139.3 7742 108.3 «01147
14.27 153.5 152.3 107.3 360.2 20%.1 121.2 70.8 96.0 «01024
14.91 154.4 154,0 108.5 369.9 20544 125.3 70.1 97.7 «01044
16.81 160,55 158.8 112.3 357.1% 200.0 114.3 6b.4 04 «00970

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2.85 TO X/D=16.81) 1@
NU(R)A=129.4) NULS)A= 72,93 NU(CAY)A=101.27 STCAVIA= 01060

Eled= 125.69% STUAV)/ST(AS)=2.68 FIFL4S) =618 (ST/STUAS)I/IF/FL4S))= .433
(F/FLASII/ZUST/ST(AS)) 3.0= .32 R{BAR)= 4,005 H(oAR)=11,403

RUN NUMBER=307THR20-60/10 €/0= ,0063 P/E=10.00 ALPA= o0 0= 2.956 IN
PR=.71 mDOTe ,0636 LBM/SEC RE= 203195, QGEI(R)= 516.8 BTU/HR=SQ FT

QGE(S )= 295.1 INLEY TENP= 80.2 F TATRe 72.6 F PATM=14.70 PS1A

x/0 TuiR)  Tw(sS) TBULK QGAS(R) QGAS(S) NU(R) NU(S) NU(AY) ST{AY)

e32 118.0 113.4 80.8 377.2 227.6 l164.5 113.3 138.9 «00941
+95 124.3 121.5 8l.9 5il.l 289.7 195.6 118.7 157.1 «01066

1.59 130.5 129.6 83.0 488.2 252.9 16643 87.9 127.1 «008064
2.22 134.0 133.1 84,2 513.5 283.9 lo6e5 93.8 1301 «00886
2,85 137.9 13e6.0 85.3 475.1 26840 145.6 8542 1154 +00787
3,49 137.4 136.4 8645 504.9 288.1 159, 92.8 12601 «00861
4412 136.3 130.8 87.06 509.8 281.6 168.1 91l.9 130.0 +«00889
4,76 13%.2 1)6.4 88.7 520.3 238.1 179.5 9649 13842 «00947
$.39 13%.4 130.0 89.9 50445 28942 177.3 100.3 138.8 +009513
6.66 133.8 135.6 92.1 513.3 288.2 19644 105.7 151.1 «01040
7.93 133.8 13%.2 4e4 Sleasl 29140 207.3 113.3 160.3 01107
9.20 135.8 130.2 96.17 511.8 292.1 207.1 117.0 162.0 «01123
11.73  142.7 144,2 101.2 510.9 287.1 193.6 105.0 149.3 +01041
14.27 153.2 151.9 105.8 502.1 28040 165.3 96.7 131.0 «00919
14.91 156.0 153.7 106.9 513.5 28543 169.9 94.9 1324 00930
16.8)1 160.6 15844 110.3 499, 4 280.8 153.9 9049 122.2 «00862

FULLY OEVELOPED REGION (BASED ON AVERAGE DATA FKOM X/D=2.85 TO X/D=16.81) 3
NU(R)A=1B82,506 NU(S)A=102.00 NUGAYIA=L42,28 STLAVIA= 00987

€(+)= 191,09 STUAV)/STLAS)=2.79 F/F(4S)e6.90 (ST/STUAS)IZEF/FLAS))® 4404
(F/F(AS)I/ZEST/STLAS))  3.40= 432 R(BAR)= 4,005 H(dAR)=12.537
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RUN NURBERIYBMK40-00/10 E/U= L0003 P/E=10.00 ALPAs 60 D= 2,956 IN
PR=,71 mDOTe L1240 LBM/SEC RE® 39758, QGE(K)= 814.7 BTU/HK~3Q FT

QGE(S)= 457,2 INLET TEMP= B8led F TATne 23,2 F PATM~14,70 PSIA
x/0 Tu(R) TS} TBULK GGAS(R) QGAS(S) NULR) NULS) NUCAY) STiav)
¢32 115.0 114.2 8l.8 622.0 33640 30343 167.9 23540 +00820
«95 123.0 122.9 827 809.2 451.8 325.1 181.7 253 .4 +00883
1.59 130.9 131.6 83.6 771.5 4006.7 203.4 136.8 200.1 «00698
2422 134.2 13447 84.5 813.9 448.1 204.3 l44.l 204.2 «00714
2085 13842 137.4 85.4 76247 42649 232.8 132.3 182.86 «008639
349 13b6.4 137.2 8603 808.5 452.6 259.8 143.2 201.5 «00706
4,12 134.7 137.3 87.2 807.9 443.0 273.5 142.2 207.9 «00729
4.76 133.0 130.5 8842 827.2 45043 295.9 149.4 22247 «00782
539 133.7 13%.7 89.1 800.6 453.3 287.3 155.7 22145 «0077y
be66 132.3 13%.2 909 8ll.6 45044 313.1 162.4 237.7 «00838
7.93 132.6 134,.7 92.7 814.0 454.7 J25.1 172.5 243.8 «00879
9.20 135.8 136.3 S4.06 807.8 453.8 311.0 172.0 24l.8 00857
1173 142,2 144,72 98.2 809.2 448,33 290.4 15242 221.3 «00788
14.27 15%52.8 151.0 101.9 797.3 44d.2 24545 143.3 194.4 «00695
14.91 152.8 152.4 102.8 8loe? 448.9 255.8 lal.8 138.8 «00712
16.81 16048 157.0 10%5.5 79%.5 443.4 22445 134.4 179.4 «000645

FULLY DEYELOPED REGION (BASED ON AVERAGE OATA FROM X/0De2.85 TO x/0=i6.81) =
NU(R}A=281.06 NU(S)IA=L152.92 NUGAYIA=216,.99 STUAVIA® ,00763

Elede 374.53 STUAY)/ST{AS1=2,00 F/F(aS)=d.14 (ST/STULAS)I/ZLF/IFLAS) )= 319
CF/FLASIIZUST/STEAS)) 3.0= .40 RUBAR) = 4,005 H{BAR)=106.,834

RUN NUMBEK=309HR60-60G/10 E/D= 003 P/E*10.00 ALPA~® 60 D= 2.956 IN
PR=,71 “00T= ,1800 LBM/SEC RE= 570645, CCE(R)I=111543 BTU/HA=5Q FT
QGE(S)= 583.3 INLET TEMP= 33.2 ¢ TATA= 73.0 F PATA=14.70 PSIA
X/0 TwiR)  Twtd) TBULK QGAS(R) QGASLS) NULR} NULS) NULAY) ST(AY}
232 114.0 116.0 83,6 906.0 419,1 482.0 209.2 345.06 .00831
«95 123.5 1247 84.5 1109.8 577.06 45942 23t.8 34545 «00832
159 132.9 133.4 85.3 1065.0 531.4 3004 178.2 269.3 +00649
2422 136.8 136.2 86,1 1117.1 57249 3%5.2 18442 206947 «00651
2485 141.7 138.6 87.0 1050.3 55340 308.5 172.2 240.4 «00581
3.49 139.0 138.1 87.8 11l4.1 579.4 349.5 145.0 26742 «006406
4.12 137.1 138.0 88.7 1108.3 50849 367.2 184,.9 276.0 «0Vb68
4.76 135%.1 137.0 89.5 1130.4 57643 Iv6.9 194,2 29548 «00710
539 135.9 13s.0 90.3 1100.1 580.7 d86.1 203,3 294.7 «00715
6.606 134.4 135,06 92.0 1lli.6 5764 4lb.3 210.9 Jl4.b «00765%
793 134,44 135,2 93.7 1114,06 580.5 435.5 22244 329.0 «00802
9.20 137.4 136.38 95.4 1108.5 580.0 4lbBe4 222.1 320.3 00783
11473 143.8 145.5 98.8 1110.3 574.0 388.8 193.6 291.2 00715
14,27 155.7 151.5 102.1 109042 57447 32047 182.7 2517 + 00621
14.91 155.6 153.0 103.0 1118.6 574,23 333.1 179.9 256.5 +00633
16481 164.4 157.3 10%5.5 10944 56947 289,8 171.06 230.7 «QUST7L

FULLY OEVELDPED RESION (BASED ON AVERAGE DATA FRUM X/D®2.85 TO X/D=16.81) :
NU{R}A=374,10 NU(S)IA=196.%0 NU(AY)A=285.33 STULAYIA= 00698

El(e)= 543.49 STCAV)/STLAS)=2.58 F/F(45)=8.806 (ST/STUAS)I/(F/FEaS))= 4291
(F/FLAS)I/ZL(ST/STL4S)) 3.0 .52 R{BAR}= 4,005 H{BAR)I=18.338

RUN NUMBEK=310HRH0-60/10 €/0= ,063 P/E=10.00 ALPA= 60 D= 2.956 IN
PR=,71 #DC3T= .2550 LBM/SEC RE= 81819, QGE(R)=1323,2 BTU/HR=S] FT

QCGE(SI= 762.0 INLET TENP= 83,4 F TATA= 72.4 F PATRa14.70 PSiA

x/0 Tw(R) Tw(s) TBULK QGAS{R) QGAS(S) NU(R) NULS) NULAY) STEAY)
+32 109.1 118.2 83.48 1140.9 544.7 727.7 25%.b 491.7 «00834
«95 120.0 126.06 B84.5 1317.9 75641 598.8 289.8 44443 «00755
1.59 130.9 1135.0 8542 1267.4 709.7 447.0 229.9 33des «00576
2022 13%.5 137.5 85.9 1322.6 752.7 430.1 235.,0 332.5% «00566

2485 140.8 139.8 86.7 125140 730.3 3”7 2¢l.l 2964 00505

3.49 137.4 139.0 87.4 1325.4 76l.1 425.9 237.0 331.5 «00565
4.12 13%.2 139.0 88.1 1316.3 745.1 44807 235.0 341.9 «00584
4.76 133.0 137.8 88.9 134149 754.8 48742 247.2 367.2 «00628

939 134.0 136.6 89406 1305.7 760.3 470.6 25849 364.8 «00624
6,66 132.0 136.2 91.0 132046 75540 515.0 26740 391.0 «00670
7.93 132.0 135.8 92.5 1324.2 759.5 534.2 279.5 406.83 «00699
9.20 135.8 137.6 94.0 1314.9 758.2 499.5 27642 387.8 000608

1173  lel.4  140,2 969 1319.1 75242 A68.7 241.3 355.0 «000613
14.27 154.0 151.4 99.4d 1301.9 754.1 377.9 230,2 304.1 «0U528
14.91 153.3 152.9 100.5 1328.6 753.2 395.7 22641 310.9 «00540
16.81 162.1 157.5 102.7 1301.7 747.9 343.5 213.9 278.7 00485

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2.85 TO X/Del6e8l) 3
NUIR)A=451,30 NULS)A=247.20 NU(AV)A=349.28 STLAV)A= ,00802

Ele)= 722.3s STUAVDI/ST(4S)=2.42 F/Fi4S)1=9,58 (ST/STUAS)V/LF/F(AS))= o252
(F/F(AS))IZ(ST/STLAS)) 3.0= b8 RUBAR)= 4,005 H{BAR)=22,272
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AUN NUMZER=279HROB=-45/10 E/De .06 P/E=10,00 ALPA= &> D= 2.9% IN
PR=. T2 ®OOTe ,0274 LBA/SEC Rees 8701, GGELR)= 243.9 BTU/HR=5Q FT

QGE(S)= 138.0 INLET TEMPe 77.3 F TATA= 72.4 F PATM=14.061 PSIA
X/0D TatR)  Tuis) YBULK QCAS{R) QGAS(S) NULRD NU(S) NULaY) STLav)
e32 114.2 11305 77.9 185.2 119.2 83.3 54.7 69.0 «01082
«9% 119.4 119.3 79.2 238.7 133.4 V6.5 S4.l 75.3 «01184
1.59 124.7 125.2 80.4 219.0 112.0 80.4 40.9 60,06 «00955
2422 127.5 12¥.5 81.7 241.5 127.8 85.4 4443 64.9 «01023
2.85 130.8 131.2 82.9 212.8 115.1 71.9 38.0 5542 «00873
3.49 131.0 131.8 84,2 230.2 128.8 79.3 3.7 blas5 +00974
4,12 130.3 132.0 85.4 237.5 128.0 85.2 44,3 64.7 «01027
4,76 129.6 131.7 6.0 242, 4 132.0 90.7 7.1 68.9 «01095
5.39 129.5 131.4 87.9 235.7 13309 90.9 49.4 70.2 01117
6.66 128.86 13145 0.4 240.7 132.1 100.7 51.3 76.0 «01214
7.93 129.2 131l.6 9249 242.4 135.0 10642 555 80.9 «01296
9,20 132.2 133.2 95.4 238.7 13%.2 102.7 S6.7 79.7 01282
1173 140.3 141,44 100.3 23%.7 129.6 92.48 49.7 71.3 «01153
14.27 147.1 147.0 105.3 229.1 128.1 855 48.0 6.8 «01088
14,91 1a6.8 147.7 10646 241.8 130.2 93.6 49,3 71.5 «01167
16.81 150.4 149.7 110.3 22946 125.8 88.7 49.5 69.1 «01133

FULLY DEVELOPED REGION (BASEOD ON AVERAGE DATA FROM Xx/D=2.85 TO X/0=16.81} =
NU(R) A= 93,12 NU{S)A= 50.04 NU(AV)A= T1.58 STU(AV)IA= .01153

Elele 54,80 STUAV)/STLAS)=2.55 F/F(AS5)23.42 (STZSTUASII/ZUF/FLAS)H]= o745
(F/FLAS)IZUST/STEAS)) 3.0 .21 R(BAR)= 5,790 HIBAR)= 7,501

RUN NUMBER=230HKR12-45/10 E/D= o063 P/E=10.00 ALPA= 45 D= 2.95% IN
PR=,.71 ®DOTe 0412 LBM/SEC REe 13207, GGE{(R)® 332.5 B8TU/HK=SQ FT
QGE(S)= 207.8 INLET TENP= 72.9 F TATN= 71.6 F PATHA=14.061 PSIA

X/0  Tw(R) TH(S) TBULK UGAS(R) QGAS(S)  NU(R) NU(S) NU(AY) STLAY)
e32 113.3 111.8 78,5 239.4 16640 11241 81.2 9647 «01008
95 118.8 118,5  T79.7 327.3 202.7 136,0 85.0 110.5 201154

1.59 12443 125.1 80.38 304.3 175.5 113.6 64.3 88.9 «00930

2,22 127.0 12d.5 82.0 334,2 193.4 12042 69.2 94,7 «00992

2.85 130.7 13l.4 83,2 296.3 184.2 100.8 6l.8 61.3 .00853

3.49 130.6 132.2 8443 321.6 198.0 112.2 66.8 89.5 +00941

4.12 130.0 132.6 85.5 3261 190.7 118.2 67.3 9247 «00977

476 129.3 132.5 86.7 332.2 201.1 12543 0.7 98.0 «01033

5.39 129.4 132.3 87.48 323.0 202.4 12407 73.0 98.9 201045

bebb 128.4 132.5 9042 329.9 201.1 138,0 76.1 107.0 01134

7.93 129.2 132.6  92.5 33146 20444 144,0 81.2 11246 01197

9420 132.7 134.4  94.8 327.0 204.7 137.1 82.1 10946 201169

1173 141.5 143.6 99,5 32445 19844 121.8 70.9 9643 +01034
14.27 149.7 149,77 104,2 315.6 196.7 108.4 67,9 88.0 «00950
14.91 149.1 15045 105.4 33241 200.3 11844 69,3 93.8 «0101%
l0.81 153.5 153.5 108,9 317.9 194.6 110.6 67.7 89.1 «00969

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2,85 TO X/D=16.81) 1t
NU(RIA=123.64 NULS)A® 72,438 NU(AV)A= 98,06 STLAV)A= ,01047

Eledas 97,86 STIAV)/STLAS)=2.062 FIFLAS)=3.83 (ST/STUAS)I/IF/F(AS))= 583
(F/ZFLASII/ZUST/STLAS)) 3.0+ 21 R{BAR)® 5.790 HIBAR)= 8,635

RUN NUMBER=281HR20=45/10 E/D= o063 P/E=10.00 ALPA= 45 0= 2.95% 1IN
PR=,71 MDOT= 0645 LBA/SEC RE= 206089, QGE(R)= 473,8 BTU/HR=SQ FT
QGELS )= 206440 INLET TENP® 79.5 F TATH= T2.4 F PATRal4,061 PSIA
X/0 Tw(R) TwWis) TBULK QGASCR) QGAS(S) NU(R) NULS) NULAY) STLAY)
«32 113.2 110.2 80.0 337.6 213.4 1654 L14.9 14042 «00936
<95 119.2 117.7 81.0 468.7 259.7 199.6 114.9 157.3 -01051
159 12%.1 125.2 82.1 442,0 225.8 16644 84,8 125.6 «00841L
2022 127.8 128.5 83.1 47847 254.5 17343 90.6 131.9 «00884
2.85 131.8 131,.3 84,1 433.3 241.4 14647 82.0 114006 «00770
3.49 131.5 132.0 8%.1 462.9 256.5 160.9 88.2 124.5 «00837
4012 130.7 13245 36.1 467.4 252.0 169.0 87.5 128.2 «00863
4e76 129.8 132.3 87.2 a77.5 258.1 179.9 91.9 135.9 «00917
5.39 130.2 132.0 88,2 463.2 259.5 176.8 95.0 135.9 +00918
6e66 129.4 132.1 90.2 472.2 258.1 192.7 98.0 14%.6 «00986

7.93 130.9 132.1 92.3 AN2.6 262.6 194.9 105.0 150.0 «01018
9,20 13%.0 134.4 94.3 467.5 261.3 182.4 103.5 143,0 «00973

1173 144.0  144,2 98.4 465.3 254.6 160.9 87.7 12443 +00851
14,27 15146 149.7 102.5 455.6 254.4 145.4 84,3 114.9 «00791
14.91 150.5 150.6 103.5 417.6 257.0 158.8 85.4 122.1 00842
16.81 156.6 153.8 106.5 457.6 251.7 142.4 83.0 112.7 «00780

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FKROM X/D=2.85 TO X/De=l6.61) 3
NUIR}A=168.06 NU(S)Ae 91.83 NU(AYIA®L129.97 STLAV)A= ,0088b

Ele)e 153.55 STUAV)I/ST(AS)=2,52 FIF(AS)=4,3] (ST/STLAS)I/IFIFLaS))= 583
(F/FLASII/ZIST/STIAS)) 3.0 .27 R{BAR)s $.790 H{BAR)=10.698
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RUN NURBER=2H2HR40=-45/10 E/0= +0Q63 P/E=10,00 ALPA= &5 De 2,956 IN
PRe, 71 M00T= ,1220 LBM/SEC RE= 39142, GGE(R)= 717.7 BTU/HR=SQ FT

QGE{S)= 400.4 INLET TEMP= 82.2 F TATM= 74,2 F PATH=14a,61 PSIA

x/0 TH(RY Twu(s) TBULK QGAS(R) QGAS(S) NUIR) NULS) NULAY) STiay)
«32 112.2 111.2 32.6 519.5 294.1 28442 lb6.5 22544 Q0798
«95 118.5 118.9 83.4 712.8 39%5.5 328.3 180.2 254.2 «00901
1.59 124.9 126.06 84,2 683.6 358.2 271.7 Lib.a 204.1 «00724

2422 127.6 129.7 8%.1 72404 391.4 27446 lales 208.0 «00739

2485 131.9 132.4 85.9 669.4 17645 23442 130.3 182.3 00648

3.49 1130.8 132.9 86.7 711.5 390.8 25%.4 136.0 197.7 00704
4.12 129.7 133.0 87.5 71l.6 389.1 270.9 137.4 204.1 «00728

4.76 128,86 132.9 38.13 723.7 394.0 288.2 143.1 2156 «00770
5.39 129.0 13.0 89.1 70a8.2 396.7 28408 148.3 2l6.4 00774
6.66 128.5 132.0 90.8 715.7 394,11 303.1 L52.7 227.9 «0081s

793 130.0 132.0 92.4 8.4 399.7 304.5 16048 232.7 «Quals
9,20 134.9 134,98 94.0 710.3 195.6 27642 154.2 21542 «00775
1173 143.6  143.2 97.3 709.3 9.l 242.2 L134.7 1385 «00681
14,27 150.7 148.1 100,86 697.7 391.4 218.7 129.4 174.1 «00632
14,91 148.9 149.1 10l.s 72607 392.8 240.2 12943 184.8 «Q0671
16,81 156.4 152.% 103.8 700.0 3a7.8 208.4 124.7 16645 «00607

FULLY DEVELOPED REGIGN (BASED ON AVERAGE OATA FROM X/D=2.85 TO Xx/0=16.8L) @
NU(R)A=258.92 NU(S)A=140.09 NU(AV)IA=199,80 ST(AVIA= .00719

Ele)e 291.18 STUAY)/ST(45)=2.42 F/IF(43)=5,0% (ST/STUAS))/(F/FLAS) )= 480
(F/F(AS)I/IST/ST(AS)) 3.0 L3136 R{BAR)= 5,790 H(BAR)=13.786

RUN NURBER=2B3IHRB0=45/10 E/0= .063 P/E=10.00 ALPA= 45 Us 24956 IN
PR=,71 00T~ 1760 LBA/SEC RE= 56433, GGE(R)= 951.9 BTU/HR=SQ FT
QGE(S)= 500.2 INLET TEnP= 83,4 F TATH® 74,2 F PATM=L4.06L PSIA

x/0 Tw(R) Tw(s) TBULX QGAS(R) QGAS(S) NU(R) NUCS) NU(AY) STLAY)
«32 112.5 112.8 84,2 720.1 355.4 41044 20045 305.4 «00752
«9% 119.6 120.7 84,9 946.9 495.1 439.9 22).4 33L.7 «00817

1459 126.7 128.5 85.6 91L.6 45444 357.8 170.9 264.) 00652

2422 129.6 131,13 66e4 962448 439.9 358.4 175.4 26809 «00659

2485 134.6 133.6 87.1 893.3 476.1 302.3 16440 233.4 «00577

3449 132.8 133.7 87.8 949.0 493.6 3li8.8 172.8 255.8 «00613

4012 131.5 133.8 88.6 945.6 486.4 353.0 L72.4 263.0 «00651

4.76 130.1 133.0 89.3 9636 493,7 378.3 18140 279.7 «000693

539 1J1.0 132.2 90.0 938.9 “98.9 Jo6.? 189.13 273.0 +00690

6.66 130.3 132.5 9.5 950.5 493.8 391.1 192.2 29847 «00725

7.93 132.0 132.8 93.0 952,95 498,.7 388.7 199.¢ 294.0 «00732

9420 137.2 135.6 94,5 943.6 494,06 350.6 190.9 270.8 «0067s

11473 145.6 143,0 97.4 9437 491.7 309.4 170.4 239.9 «00601
14427 153.4 14¢d.5 100.3 929.1 49048 275.7 160.1 217.9 «00548
14,91 151.0 149,5 101.1 64,1 492.3 303.4 159.9 231.6 «00583
16481 159.6 152.6 103,13 932.0 4487.9 2%59.1 154.9 207.0 «00523

FULLY OEYELOPED KEGION (BASED ON AVERAGE OATA FRUM X/0e2.35 TQ X/D=16.81) 3
NU(R)A=330.94 NU(S}AeL76,1) NULAV)A®253,.52 STUAVIA= .0063)

E(e)e 420.19 STUAV)/ST(AS)=2,33 FIF(AS)=5.49 (ST/STLASII/UF/FLAS) )= 425
CE/FCASII/UST/STIAS)) 3,0= ,4) R(BAR)= 5,790 H{3AR)=16,030

RUN NURBER®2d44HRE0~45/10 €/0= .v06) P/E=10.00 ALPA= 45 Ds 2,956 IN
PR=, 71 M0QT= .2510 LBM/SEC REe 30834, CGEIRI=1094,6 BTU/HR=SQ FT
QCE(S)e 523,.5 INLET TEMPe 82,4 F TATH= 72.5 F PATA=Ll4.61 PSIA

X/0 TM(R} Tuw(s) TBULK QGAS(R)} QGASIS) NU(R]) NULS) NU(AY) STLAV)
«32 108.6 112.3 82.7 894,.8 448.0 606.1 245.1 425.6 «007133
«95 11442 119.8 8.3 1090.0 618.3 57044 2715.6 423.0 «00729

1e59 121.8 12649 83.9 1053.2 579.2 448,.4 2L7.7 333.3 «00575

2422 124.9 129.) 84,5 L100.8 [JY-TL 440.% 222.2 131.4 «00572

2485 129.4 131.6 85%.1 1038, 395.93 378.2° 20607 292453 «00505

349 127,4 131.2 85.48 1093.3 621.0 422.9 220.1 321.9% «00556

4012 126.0 131.3 36,4 1088.7 609.0 442.0 21841 330.0 «00571

4,76 1246 13044 87.0 1108.0 617.1 A73.3 228.4 35049 «00608

5.39 12%.6 129.5 87.8 1081.5 623.0 456,.8 238.7 347.8 «00603

0e66 124.9 129.9 88.4 1094.0 617.2 4d45.7 241.0 Ja3.a «00631

7.93 126.8 130.2 90.0 1094.8 6214 47642 2474 Jsl.8 «0V629

9420 131.8 132.7 9.2 1086.0 617.7 427.% 23749 33247 «003%80

11.73 138.8 139.0 9.7 1047.9 41546 38304 21640 299.7 00524
14,27 147.1  144.2 96.1 1070.9 6la.7 313247 202.4 267.5 «00469
10.91  144.4 145,13 96.7 1108.7 815.7 Jos.3 200.7 284.5 200499
16,81 152.9 148.5 98.6 1074.4 611.3 2.1 193.1 252.6 «0048a

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FAOM X/0e2,8% O X/D=l6.81) 1t
NU{R)4A=407.17 NUIS)A=221.30 NUCAYIA=31a,.24 STCAV)A= .Q0540

E(ete 602.548 STUAVI/ST(AS)*2,20 FIF(a5)=5,9% (ST/STUASHIZUF/FLaS))= L3869
CF/FLASII/ZUST/ST(AS)) 3,0 .56 R(dAR}= 5,790 H(BARI=18,.94)
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RUN NUMBER=227HP08-30/10 E/0= V03 P/E=10.00 ALPA= 30 U 2,956 IN
PRe, 71 MDYTe ,0237 LBM/SEC Rk= 7567, QGEt(x)e 209,2 BTU/HR=5Q FT

QGE(S)= 124.7 INLET TENP» 79,0 F TATHe 73.8 F Palmalsa 58 PSIA
X/0 TulR) Twis) TBULX QGAS(R) QGASHES) NUER) NUL(S) NU{AY) STiav)
032 115.2 113.6 80.2 170.8 101.5 79.4 4945 b4.4 «U1170
«9% 120.0 119,11 8l.5 204.1 119.7 86.0 51e06 64.8 «01253
1459 12447 124406 82.7 192.9 10603 Taen 4l.1 57.7 «01053
2422 128,2 128.5 84,0 204.0 113.1 T4.0 41.0 57.8 «01056
2.85 131.7 131.7 85.2 185.0 103.1 6442 35.48 5040 «00915
3.49 133.0 133.0 8645 197.9 115.8 68.5 40.1 54.3 «00995
4012 133.7 134.0 87.8 20240 113.3 70.8 39.3 55.1 +01011
476 134,464 134.4 89.0 197.7 118.0 9.8 4le7 5%5.7 «01025
539 134,5 134.8 90.3 200.7 11640 72.% 41,9 57.2 «010%4
6e0606 134,0 135,1 92.8 205.2 118.0 79.3 AARY ] 61.8 «0l143
793 134.8 13%5.4 95.3 202.1 118.) sdl.l 4608 64.0 «01187
9.20 135.4 135.9 97.4 204. 8 119.9 85.9 a7 67.8 «01263
1173 139.8 140.0 102.8 203.3 119.0 9642 5042 bde2 «01278
14,27 147.0 147.3 107.8 199.9 1le6.1 19.4 45.7 62406 «01181
14.91 14d3.4 149.0 109.1 20244 115.2 80.0 LYY ] 62.4 «01179
10.81 153.6 153.1 112.9 194.5 110.5 73.7 4244 54.0 «01102

FULLY DEVELOPED REGION (BASED ON AVEKAGE OATA FROM X/D=2.85 TO X/D=i0.81) 3
NU(R}A= 78,97 NU(S) A= 45,37 NU(AY A= 62,17 STLAVIA= ,01160

Ete)= 53,88 STUAY)/ST(AS)2,44 FI/IF{45)=3.03 (ST/STUAS)I/AF/FLAS) )= L806
(F/FLAS)IZCST/STIASYH) 3.0= .21 R{BAR)= 6.125% H(BAR)= 7.151

RUN NUMBER®228HR12~-30710 €/0= ,0b) P/E=10.00 ALPA= 30 Ue 2,95 1IN
PR=,71 KOQTe ,0427 LBA/SEC RE= 13674, QGE(R)= 297.9 BIU/HR=SQ FT
QGE(S)= 180,11 INLET TEMPe 81.0 F TATH= 73.2 F PATA=14,58 PSIA

X/0 TU(R) Tw(S) TBULK QGAS(R) QGAS(S) NU(R) NU(S) NULAY) STLAV)

«32 113.1 110.9 81.5 242.2 15641 124.) 86.1 105.2 «01063
«95 118.3 117.4 82.5 292.9 175.3 132.5 8l.3 106.9 «01082
1.59 123.5 123.9 83.5 277.2 153.6 112.0 bl.s 86.7 «00879
2,22 126.8 127.8 84.5 29142 167.4 111.1 62.4 86.8 «00880
2.85 130.0 130.3 85,5 271.7 157.5 96.4 56.0 7.2 +00784
3.49 130.7 131.8 86.5 290.0 170.5 105.5 80.5 83.0 «00845
4.12 131.2 132.4 87.5 291.5% 171.2 107.1 6l.2 84.2 +00857
4,76 131.7 132.7 08,5 233.4 173.6 105.2 62.9 84,1 +00858
539 121.2 133.0 89.5 293.1 172.5 112.5 63.4 88.0 +00899
b.66 130.8 133.2 91.5 293.4 173.5 119.0 b0e4 9247 «00950
7493 131.) 133.4 93.> 292.9 17443 123.1 69.4 9603 «00989
9420 132.5 134.0 95.5 293.7 178,2 125.7 72.5 99.1 «01021
1173 138.4 139, 99.5 291.3 173.8 117.8 6845 93.2 «00965
14,27 145,95 146,7 103.4 286.9 120.8 106.7 6l.8 84,2 «00877
14,91 146.4 148,1 104,44 293.8 170.6 109.5 6l.0 3%.3 +00889
18481 151.8 151.5 107.¢ 282.5 165.7 99,1 5845 78.8 «00825

FULLY OEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2.85 TO X/D*lo.81) 3
NUtRIA=113,4) NUES)A= 695,07 NULAV)Ae 89,25 STiLAVIA= 00920

Elele 92,28 STUAV)I/ST(451=2,3) F/F{4S)=3,20 (ST/STULASIV/tFIFLAS)Es L2727
CF/FLAS)IIZIST/STLASY) 3.0 .25 REBAR) = 6,638 H{BAR)® 9,023

RUN NUMBER=229HR20-30710 €/D0= .0063 P/E=10.00 ALPA= 30 D= 2.956 IN
PRe, 71 n00T= ,0631 LBM/SEC RE= 20162, QGE(k)= 487.7 BTU/HR=SQ FT
QGE(S)= 252.2 INLET TEMPe 82.0 F TATHs 74.3 F PATH=14.5%3 PSIA

xX/0 TH(R) Tw(S) TBULK QGAS(R) QGAS(S) NULR) NU(S) NU{AV) STLav)
eJ2 118.0 112.4 82.5 374.3 211.9 170.8 ll4.8 142.8 «00978
e95 124.2 120.6 83.6 482,2 247.1 191.8 108.0 l49.9 01028

1459 130.4 12807 8a.b 460.2 217.6 162.1 9.0 120.38 «00830

2.22 134.0 133.2 85.7 490.0 236.3 163.4 80.0 121.7 «00837

2.8% 138.6 13b.8 86.7 444.3 225.7 137.7 72.7 105.2 «00725

3.49 138.6 137.5 87.7 484.0 24404 153.0 78.9 115.9 «00800

4.12 139.1 138.3 88.8 480.6 239.9 153.1 77.7 115.4 «00797

4.76 139.6 138.5 89.8 471.7 24501 151.7 80.7 1lo.2 «00804

539 139.0 13s8.6 90,9 481.7 244.7 159.9 3l.9 120.9 «00837

beb6 13842 135.8 93.0 483.9 245.1 170.3 8542 127.8 «00888

Te93 139.0 138.9 95.1 482.0 24606 17440 89.2 131.6 «00917

¥.20 140.5 139.8 97.1 483.7 248.7 17644 92.2 134.3 «00933

11.73 1l4b.4 147.2 101.3 4719.6 20404 160.0 83.7 121.9 «008%6
14.27 15645 15%.2 10%.5 477.4 241.9 14042 T6.0 111.1 «00785
14,91 158.1 156.7 106.6 479.8 240.2 145.0 Ta.t 109.8 «00777
1681 164.0 159.3 109.7 469.4 238.3 133.9 Ta.a 104.2 «00740

FULLY DEVELOPED REGION (3ASED ON AVERAGE DATA Fkum x/De2.85 TO x/D=16.81) 3
NU{RDA=157.72 NU(S)A= 81.97 NULAY)IA=119,.85 ST(AVIA= ,00838

Ele)= 131,07 STLAV)I/ST(aS)m=2,.306 FIFL45)=3.29 (ST/STUAS)I/(F/FLAS)Y)= 219
CF/FLASII/IST/STLAS)) 3.0= .25 R{BAR) = 6,905 H{BAR)= 3,705
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RUN NURLER=2 30HR40=30/10 €/0= Q03 PrE=10.00 ALPA= 30 0= 2.956 IN
PR=. 71 MOOTe 41220 LBM/SEC Xee 39085, QCE(R)= 720.5 BTU/HR=SQ FT

QGE(S)= 422,06 INLET TEnPe 83.0 F TATRe 73,5 F PATA=14.%8 PSTA
x/0 TW(R) Tw(S) TBULK QGAS(R) QGAS(S) NU(R) NU{S) NU(AY) STLAY)
e32 114.7 113.5 83.4 95249 320.2 285.8 172.1 228.9 00812
«95 121.3 121.8 84,3 7158.2 417.3 312.0 180.3 24642 «00874
1459 127.8 12v,7 85.1 687.0 380.9 259.2 137.46 190.4 «00705
2422 130.9 133.3 85.9 723.5 413.3 258.48 140, 199.6 «00710
2.85 135%.2 136.6 86.8 674.9 391.3 22440 12042 175.1 «0Ub24
349 134,5 136.8 87.6 722.6 421.2 247.4 137.5 192.4 «00680
4412 134.9 137.7 88.4 713.7 406.3 24643 132.2 189.3 «00678
4.76 135.3 137.5 89.3 701.7 al5.5 244.1 133.1 19t.1 «00683
5.39 134,2 137.2 90.1 718.5 416.9 259.8 14l.06 200.7 «00718
b.66 133.0 137.2 91.8 717.9 4l5.6 277.7 145.9 211.8 «00760
7493 133.8 137.2 93.4 T1%.4 418.8 28241 15242 217.2 00781
9.20 135.,6 138.8 9%5.1 717.6 419.3 281.1 152.2 216.7 «007381
11.73 145,22 147.8 98. 4 712.0 413.1 24045 132.1 180.3 QU674
14,27 154.9 154.2 101.8 704.2 410.8 20842 123.0 165.0 «00602
14,91 155%.0 154.9 102.6 717.9 413.4 214.8 123.4 169.4 «00617
16481 160.2 15648 10%.1 70244 410.1 199.1 123.9 16l.% «00590

FULLY OEVELOPED RECION (UBASEU ON AVERAGE DATA FKOM X/D=¢.85 TO X/0=lt.81) 2
NUIRDA=245,29 NU(S)A=136.30 NU{AY)A=190.83 STUAVIA= .000684

Ele)= 239,09 STCAV)I/STULAS)=2.31 FI/FL45)=3.41 (ST/STLAS)V/AF/F(ASY)= 678
(F/FLAS))/UST/STLAS)) 3,0 .28 R{BAR)= 7.614 HiBAR)=11.48%

RUN NUMBER®=231HK60-30/10 E/0= .063 P/E=10.00 ALPA= 30 O= 2.956 IN
PR=,71 MD0Te 1740 LBAM/SEC Rie 55837, QGE(R)= 831.3 BTU/HK=52 FT
QGE{S)= 496.0 INLET TEMP= 84,0 F TATN= 73.5 F PATH=14.58 PSIA
x/0 Tw(R) Twis) TBULK QGAS(R) QGaS(S) NULR) NULS) NULaAY) STLAY)
«32 113.6 113.8 8443 645.6 365.0 35642 200.3 27843 «00693
«95 120.3 121.6 85.0 826.2 490.7 378.0 216.3 29742 +00740
159 12649 129.4 85.7 796.4 454.3 3ll.l 167.4 23943 «00597
2022 129.9 132.7 8b6.4 833,.7 486.8 308.0 169.2 23846 «00596
2085 134,0 135.6 87.1 785.9 46549 209%.1 154.3 21147 «00529
3.49 133.1 13%.6 87.7 837.2 49604 29643 L6645 2314 «00579
4,12 133.8 130.5 8844 824.7 477.9 291.7 159%.4 22546 «00565
4.76 134.4 136.0 89,1 810.6 489.1 2dbe0 167.1 2209 «005068
539 133.3 13%.5 89.8 820,06 491.2 303.9 171.9 237.9 00597
bebb 131.8 13%.3 91.1 830.3 489.2 326.0 177.1 25145 00632
7.93 133.0 135.0 92,5 826.4 494,2 325%5.0 185%5.2 255.1 +00642
9.20 13%.0 137.2 93.9 823.4 431.6 320.1 180.3 250.2 «00631
11a73  144.8  14%5.5 96406 82244 436.7 269.9 157.4 213.7 «00541
14,27 152.4 15i.0 99.3 816.0 465.8 2492.1 148.1 195.1 200496
14,91 1%52.2 151.8 100.0 831.3 487.3 253.4 148.0 199,42 00507
16081 153.2 154.2 102.0 812.9 433.8 227.0 L45.4 18642 «0Q4?5

FULLY DEVELOPED REGION (BASED Om AVERAGE OATA FRUM X/D=2.89 TO X/Del6.8L) 3
NU(R)A=283.44 NU{S)A=1b3.07 NULAY)A=223,.55 STUAY)A® L00564

Ele)= 330.08 STUAV)I/STLAS)=2.07 F/F(45)=3.4%06 (STZSTUANEI/ZUF/FLAS))= o599
CF/FLAS)I/UST/STLAS)) 3.0 .39 R{BAR)= 7.970 H{8AR)=14.011

RUN NUMBER=232Mk80-307/10 E/D= ,063 P/E=10.00 ALPA= 30 D= 2,9% IN
PRe, 71 RDOT= ,2500 LBM/SEC Ree 30211, QCE(R)=1017.0 BTU/HK=$Q FT
QGE(S)= b22.1 INLET TEMP= 85.5 F TATHMe 74.4 F PATHe14,58 PSIA
x/0 ThiR) Twts) TBULK QGAS(R} QGAS(S} NU{(R) NULS) NU{AY) STULAV)
«32 1ll.4 114.3 85.8 Blu.4 445,3 51447 251.6 383.1 «00665
«95 118.9 121.8 85,4 1012,1 6l16.% 501.5 280.3 390.9 «00679
1.59 126.3 129,23 87.0 976.1 579.4 398.8 220.1 d0v.5 «005338
2022 129.3 1.1 87.5 1023.5 6l3.6 39440 2213 307.06 +00935
2.8% 133.8 134,06 88.1 963.2 592.2 338.4 204.4 27144 «00473
3449 132.2 13442 88.7 1029.0 82247 379.3 219.4 29944 «00522
4012 132.9 134.7 89.3 1010.5 606.3 371.1 213.8 29245 «00510
4.76 133.6 134,11 89.9 996,11 615.5 35445 223.0 293.7 «00513
5439 132.5 133.4 9045 1010.8 6194 38444 230.06 307.5 «00537
6466 130.4 133,5 9.0 10l7.6 615,06 418.8 234.06 32647 «00572
7.93 131.7 133.6 92.8 1012.5 620.0 al4.5 242.0 320.2 00575

9020 133.9 135%.9 94.0 1014.2 617.1 403.7 233.9 318.8 «00560
11473 144,0 143.2 9643 1007.7 5813.5 334,06 207.1 270.8 000477

14,27 1509 148.4 98.0 1001.2 612.9 302.0 19442 24841 «00438
14.91 150.4 149.4 99,2 1019.8 6l13.4 31443 192.7 253.5 «00448
16481 157.1 152.0 10l.0 994.0 610.2 279.5 137.9 233.7 «00414

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D#2.85 TO X/0el6.8Ll) 1
NU(R)A=357.05 NU(S)A=215.05 NU(AY)A=286.05 STLAYYAe 00502

El*)= 453.39 STLAV)/STLAS)=2.0] F/FL45)=3.50 CST/STCASHI/(F/IF(aS))e o575
(F/F(AS))/Z(ST/STLAS)) 3.0 43 R{BAR)= 8,344 HUBAR)=15,423
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RUN NUMBER®=26T7HA08~90/20 €/0= .0063 P/E=20.00 ALPA= 90 D= 2.956 IN
PR=.71 MOCTe 0252 LBM/SEC REs 3060 QGE(R)® 202.3 BTU/HR=SQ FT
QGE(S)= 142.7 INLET TEMP= 78.8 F TATNs 73,2 F PATA=14.05 PSIA

x/D TuiR)  Tw(S) TBULK QGAS{R) QGCAS(S) NU(R) NU(S) NUtaY) STeaAv)

12042 119.4 19.4 194.6 134.3 7.7 54.7 6.2 «01130

::i 125.7 125.7 80.0 19645 13049 70.8 49.4 60.1 201027
199 131.2 131.9 81.8 179.5 122.1 58.9 39.5 4942 «00843
2022 134.7 136.4 83.1 199.0 129.9 6244 394 50.9 00873
2.85 138.b6 140.2 84.3 17640 1196 5243 34,5 43.4 +00746
349 140.1 142.0 85.5 192.1 130.2 56.7 37.2 406.9 +00808
4012 141.3 14302 86,7 194.8 13246 5745 37.8 47.6 «00821
4sT6 14244 144,1 87.9 198.3 134.9 5844 38.0 48.5 «00338
%39 144.0 145.0 89,2 190.0 135%5.2 55.5 8.8 47.1 «0081s
6.66 145.% 147.0 91.6 194.7 134.0 57.06 33.8 4d.2 +00837
793 147.2 148.9 94.0 194.7 13443 58.2 38.9 48.6 «00840
920 149.2 150.8 9645 193.4 134.1 58.1 39.1 Ade.b «00849
L1e73 152,64 15405 101.4 194.1 133.2 59.7 39.4 49.6 00872
14,27 15646 157.2 106e2 189.0 133.2 58.4 40.8 49,0 «00878
14.91 1%.4 157.7 107.5 197.7 133.6 62.8 41.3 52.1 QU924
16.81 159.1 1%59.6 11ll.1 187.1 12840 60.3 40.8 50.6 .00901

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2.85 TO X/0=16.81) 3
NU(R)A= 58,55 NUiS)As 39,28 NUCAY)A= 48.91 STUAV)IA® 00857

Ele)le 56,90 STLAY)I/ST(AS)=l 84 F/FL4S)=3.04 (ST/ST(AS)I/IF/FLAS))= 506
(F/FLASIIZIST/STLAS)) 3.0= +49 RIBAR)= 64194 H{BAR)=10,520

RUN NUMBER=208HR12-90/20 €/0= .06 P/E=10.00 ALPA= 90 De 2.955 IN
PR=,71 MDOT= .0413 LBR/SEC RE= 13254, QGE(R)= 277.1 BTU/HK=SQ FT
QGE(S)= 180.i INLET TEMP= 79.6 F TATHa Ta,2 F PATN=14.065 PSIA
x/0 TwiR) TuWis) TBULK WJGASIR} QGAS(S) NU{R) NULS) NULAY) STLAY)
«32 115.0 11i2.3 80.1 25449 168.8 118.7 85.2 101.9 «01083
«95 121.1 119.6 8l.1 271.9 17%.1 11042 73.0 9.0 «00960
159 127.3 126.9 82.1 240.1 152.0 8842 55%.0 .06 «V0749
2422 130.2 131.4 83.1 283.7 10646 9743 9548 7645 «00801
2485 134.8 13%.0 84,0 2415 15843 6.4 50.2 6345 «000666
349 135.7 136.7 8540 273.1 172.4 8649 53.4 T4 «00739
4.12 137.0 138.3 86.0 270.2 169.1 85.4 5241 6d.7 00722
4.76 138.2 139.4 87.0 282.5 172.9 88.7 $3.0 Tue9 «00740
539 141.0 1406.5 88.0 25943 172.7 7645 52.8 6546 «00692
666 142.7 142.7 90.0 270.4 172.6 82.0 52e4 67.2 «00710
7.93 144.8 144,.8 91.9 270.3 173.3 d1.9 5243 6649 00709
9.20 147.4 147.4 93.9 267,.8 171.5 79.6 510 6543 +00694
11.73 150.8 151.8 97.8 269.3 171.1 80.3 5041 6542 00697
14,27 155.5 155.2 101.8 26l1.8 17043 7645 50.0 63.2 «00679
14,91 154.7 155.8 102.% 276.6 172.6 83.4 51.0 67.2 «00723
16481 15de6 158.6 1057 261.2 105.8 7.1 48.Y 63.0 «00680

FULLY DEVELOPED REGIUN (BASED ON AVERAGE DATA FROM X/De=2.85 TO X/0=16.81) 3
NU(R)A= 80,73  NULSIA® 51.15  NU(AVIA® 65,94  STULAV)IAs ,00702

Ele)= 93,91 STUAYVIZSTLAS)eL.76  F/F(ASI=3.50  (ST/STUASII/UF/F(4aS))= 503
IF/FUAS)IZUST/STEA5)) 3.0 .64 RIBAR)= 6,194  H(BAR)=13,433

RUN NUMBER=209HK20-90/20 E/0= .063 P/E=20.00 ALPA= Y0 D= 2.956 IN
PR=.71 ROOT= .0649 LBMN/SEC Rg= 20856, QGE{(R)= 381.0 3TUu/Hk=SQ FT
QGELS)= 224.5 INLET TEAP= 80.8 F TATA= 72.6 F PATM=14.065 PS1aA

x/0 TH(R} Twts) TBULK QGAS(R) QGAS(S) NULCR) NULtS}) NULAY) STCav)
«32 113.2 104.5 8l.2 321.2 199.2 162.9 118.5 140.7 00935
«95 119.4 1le.3 82.0 37%.9 219.7 162.9 10441 133.5 «00888

159 125.7 124.0 82.9 344.9 189.2 130.4 T4. 102.4 «00682
2.22 128.1 128.0 83.7 391.9 210.3 142.8 768 109.8 «00732
2485 132.6 131.0 84,5 34044 206.8 1l4.3 71.8 93.1 00621
3.49 132.8 132.6 85.4 38l.6 217.9 129.7 T4.3 102.0 +00682
4,12 133.9 134.2 8602 374.3 211.3 12643 70.8 9d.6 «000660
4.76 135.0 135%.0 87.0 390.9 217.6 131.0 7249 102.0 «00683
5439 138.2 135.8 87.9 3ol.0 21945 115.1 7345 943 «00633
6e66 139.8 134.2 8945 37408 217.2 119.4 715 954 «00642
T+93 142.0 140.5 91.2 37402 217.1 117.06 70.3 93.9 «00633
9.20 144.6 142.9 92.9 371.6 21647 114.3 6849 91.6 «00619
11.73  1a7.6 1472.7 96.2 374.0 21546 11542 6643 9047 «00615
14,27 153.0 1514 99.5 363.5 21449 107.0 6543 86.1 «00587
14,91 151.6 152.0 100.3 384.3 217.5 117.8 6be2 92.0 «00628
16.81 156.5 15%5.2 102.8 3s4e2 210.9 10643 631 84,7 «00580

FULLY CEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2.35 TO X/De=l6.81) @
NU(R)A=116.10 NU(S)A= 68,61 NUCAV)A= 92,36 ST(AVIA= 00624

Ele)= 148,03 STCAVI/ST(45)=1.78 FIFLAS)=3.94 (ST/STUAS)I/UFIFL4S))= 452
LF/FLAS)IZ(ST/ST(AS)) 3.0 .70 R{BAR)= 6,194 H{BAR)=15,428
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RUH NUMBER=270MR40-90/20 E/0= .063 P/E=20.00 ALPA= 40 O= 2.956 IN
PR=.71 MDOT= 1290 LBM/SEC RE= 41512. GGE(R)= 623.5 BTU/HR=SQ FT
QGE(S)= 34b.4 INLET TENPe 82.1 F TATR= 72.6 F PATH=14,065 PSIA

x40 TH(RY  TwiS) TBULK QGASIR) QGASLS) NU(R) NU(S) NUCAY) staav)

«32 112.4 107.3 82,9 496.8 284,.1 208.5 185.0 22648 «00759

«9%  119.4 11%.2 83.1 61843 34,7 276.0 172.1 224.1 «00751
159 1263 123.1 83.8 569.0 301.4 21642 123.7 170.0 «00570
2422 126.9 120.0 84e4 65146 33404 24745 129.9 188.7 <0063
2.8% 131.9 128.1 85.1 567.4 33243 195.5 124.6 16041 «00538
3449 130.4 129.2 85.8 633,5 34140 228.7 12645 177.6 «00597
4412 131.0 130.4 80.5 617.1 33408 223.1 122.6 172.8 «00582
4.76 131.5 131.0 87.1 b45.1 340.0 23346 12447 179.1 «00604
5439 13%.6 131.5 87.8 $97.3 342.2 20046 12547 163.1 «00550
0006 1l3be86 133.5 89.1 6l7.2 33v.7 208.3 122.8 165.5 «00560
793 138.0 135.4 90.5 617.9 339.6 207.8 120.8 164,13 «00556
9.20 140.2 137.4 91.8 6l4.8 339.4 20247 118.7 160.7 «00545
11673 142.8 141.06 94.5 817.5 338.6 203.0 11441 15846 «00540
14,27 148.8 1453 97.2 602.6 337.7 184.5 110.9 14747 «00505
14991 146.4 l4bel 97.8 634.0 340.2 206.2 11l1lea 158,.8 «00543
164810 153,33 149.7 99.9 604.3 333.8 178.0 105.4 141,7 +00480

FULLY DEYELOPED REGION (BASED ON AVERAGE DATA FROR X/D=2.8% 10 X/D=l6.81) 3
NU(R)A=203,13 NU(S)A=117,.34 NU{AV)A=160.23 STULAVIA= 00544

Ele)= 295.17 STCAV)/STLAS)=1.80 F/FLAS)ma, b8 (ST/STLAS)IZLF/F(aS))= L399
(F/FLASII/UST/STLASY) 3.0= .73 RIBARI= 6,194 H{BAR}=18,097

RUN NUMBER=271HR60=90/20 €/0= .0061 P/E=20.00 ALPA= 30 0= 2.956 IN
PR=,71 MDUT= ,1710 LBM/SEC RE= 54959, QGEIR)= 8)1.) 3TU/Hk=5Q0 FT
QGE(S )= 429,.5 INLET TEWMP= 83.2 F TATN= 73.3 F PATA=14,65 PSIA

X/D Tul(R) Tuwis) TBULK QGAS(R) QGAS(S) NU(R]) NU(S) NUtav) STLav)
«32 11%.6 110.3 33.5 673.9 328.5 339.7 198.4 269.0 «00641
«9% 123.7 116.8 84,2 825.8 424.5 337.3 198.0 267.7 00678

1.9 131.8 127.3 84,8 To4ed 37747 26244 l43.9 20340 «00514

2422 131.9 129.9 85.5 470.0 Al7.4 302.1 151.06 226.9 00576

2485 137.8 131.7 8642 759.8 415.6 236.8 14649 191.8 +00407

3.49 135.0 13<Z.6 86es 850.3 427.0 283.7 149.9 216.8 «00551

4.12 13%.5 134.0 87.5 82405 414.8 27640 143,2 209+ 6 «00533

4076 135.9 13404 88%8.1 6601 422.8 288.9 Laben 217.7 «00554

539 140.9 134.8 86,8 799.1 425.4 245.8 148.2 197.0 #00502

be66 141,86 130.0 90.1L 82542 42245 25643 145.3 200.8 «00513

793 143.0 1304 9.4 82661 423.2 295.5 143.7 199.6 «00511
9.20 145.6 140.0 92.7 821.5 422.0 247.4 140.4 193.9 «00497
11e73 148.0 144.8 954 82%43 421.6 248.6 13542 191.9 «00494
14,27 1%4.7 149.0 98.0 807.4 42040 22407 130.1 177.4 «00458
14,91 151.8 1493.6 98.6 845.2 423.6 250.9 131.0 191.0 «00493
16.81 160.0 153.5 100.% 809.3 4lo.4 214.3 1238 169.0 «00438

FULLY OEVELOPED REGION (BASED ON AVERAGE OATA FROM X/D=2.35 TO Xx/D=1l06.81}
NU(R)A®248,60 NULS)AmL38.49 NULAYIA=193,.55 ST(AV)IA= ,00496

E(o)e 390.84 STLAV)/ST(AS)=l.82 FIF(4S5)=4,97 (ST/STUAS))/(F/FLAS))e 3065
(F/FLASII/UST/STLAS)) 3.0= .83 R(BAR)= 6,194 H{BAR)=20.091

RUN NURBER®272MRB0-90720 E/0= ,003 P/E=20.00 ALPA= 90 0= 2.956 IN
PR=,71 MDOTe .2500 LBM/SEC RE= 80413, QGE{R)=1011.4 BTU/HR=-SQ FT
QGE(S)= 531.9 INLET TENPs 83,9 F TATHe 73,4 F PATR=14.65% PSIA

X/0 TWiR) Twts) TBULK JGAS(R) OQGASIS) NU(R) NUCS) NU(AY

¢32 112.6 112.5 84,2 847.1 424.1 431.4 241.9 Jb:.b' f;a:;;

«95 122.2 120.9 84.8 1000.1 57647 433.4 257.06 349.5 « 00599
159 121.8 129,2 85.3 930.3 524.7 322.6 192.06 257.6 «004a7
2422 131.0 130.9 85.9 1054.6 57661 377.6 20640 291.8 +00507
2485 137.3 132.7 8645 931.1 Soo.1 294,86 19649 245.8 00427
3.49 133.4 133.3 87.0 1035.6 580.9 358.9 201.3 280.3 «00484
4,12 133.4 134.6 87.06 1004.8 566.0 352.2 193.3 272.8 00475
476 13344 134,8 88.2 1048,7 575.2 372.2 198.1 28542 «00497

539 139.2 134.9 8s.7 97402 57846 309.4 200.9 255, .

666 13945 13645 89.9 1005.8 575.0 324.2 197.2 zuo.# .gg:;:
Te93 140.6 138.1 91.0 1007.0 5754 324,2 195.1 2997 «00454
9.20 143.2 140.0 92,1 1001.7 $75.1 312.7 191.5 25241 200442
1173 145.4 144,95 4.4 1006.3 573.8 313.4 l8l.9 247.7 «00435
1927 153.1 lad.s V0.7 9843 572.8 2761 1754 22547 «00393
14,91 149.3 149.1 97.2 1030.0 576.8 312.0 17640 244,33 «00a31
16.81 158.6 153.6 98.9 987.7 5638.0 261.0 163.9 212.5 «00376

FULLY DEVELOPED REGION (BASEL ON AVERAGE DATA FROM X/D=2.85 TO X/0=16 t
:?(:lt;3;2.~x NULS)A=1d6.94 NULAV)IA=249.67 ST(AV)A: «00437 Tio.sn)

e)e .42 STUAVI/STLAS)e1,75 FIFL4S)e5,4) (ST/STUAS))I/UF/F(AS) )=
(F/FLAS))I/UST/ISTIAS)) 3.,0e1.00 R(BAR) = a.l;& HUBAR) 223,149 ‘ 1" .3z
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RUN NUMBER=317HRO8-60720 €/0= 063 PIE=20G.00 ALPA® ov O= 2.956 IN
PR=.71 MDOT= 0249 LBA/SEC RE= 7939, QGEtR)= 236.9 BTU/HR=-SQ FT

QGE(S)» 155.2 INLET TEMP= T8.0 F TATH= 72.8 F PATMala.006 PSIA
X/0 Tut(R)  Twis) TBULK QGASIR) QGAS(S) NUlR) NUL(S) NULAY) STUAY)
«32 124.0 122.2 79.3 22444 13402 8l.7 5049 6643 «01146
«95 130.2 129.6 80.7 233.6 148.9 7%.6 49.5 62.5 01082
1459 13645 137.0 82.1 215.8 128.8 043 38.0 51.2 +00887
2422 140.9 14200 83.5 23442 141.7 85.9 39.1 5245 «00913
285 140.0 146.3 B4.9 193.48 126.7 51.2 33.3 4242 «00735
3,49 les.b 148.0 86.3 22644 138.9 60.4 3602 48.3 «00843
4e12 140.9 148.7 87.7 220.8 142.0 62.1 37.4 9.7 «00869
4,76 147.2 148.8 89.1 237.6 14048 655 9.4 5245 «00919
5,39 148.6 14d.9 0.5 22U.6 140649 60.7 4042 50.5 «00885
bebb 143.4 149.2 93.3 229.0 la6.8 1Y 4l.8 54.0 «00951
793 1las.8 149.4 96.1 224.8 145.49 69.3 43.4 56.4 «00990
9.20 148.5 14962 989 22945 led.4 73.0 46.0 59.8 +01061
1173 150.0 151.3 104.0 23040 146.9 79.1 49.1 b4.1 «0l1l4s
14,27 154.5 194,22 11042 22407 1e842 78.4 52.1 6543 «0l1l70
L4491 154.7 15%.5 1ll.s 234.) 145.9 84,0 51l.3 6.6 «01221
16.81 159.9 159.4 115.8 220.5 140.1 To.7 49.3 63.0 e0llas

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FkOM X/De2.85 TO x/Del6.81) @
NULRIA= 72,09 NULSIAe 45,52 NULAVIA= 58,80 ST{AVIA= ,01047

E{ede 62,92 STLAV)/ST(a5)=2,24 F/FtaS)=3,02 (ST/STUASIIZ(FIF(aS))= o580
(F/FLASII/LST/STLAS)) 3,0= .34 R(BAR)s 5,219 HlBAR)= 9,458

RUN NUMBER=318HR12-60720 E/0= 0063 P/E=20.00 ALP A= 60 0= 2.956 IN
PR=,T71 MDOT= ,0397 LBA/SEC RE= 120662, QGE(R)= 360.2 BTU/HR=SQ FT
QGE(S)= 214.8 INLET TEMP= 79.9 F TATA= 72.7 F PATHal4,066 PSIA

X/0 TuitR)  Twis) TBULK QGAS(R) QGAS(S) MU(R) NULS)H NUCAY) STiAY)
«32 123.3 114.5 80.5 321.3 185.4 122.1 79.4 100.7 «01093
«95 130.6 127.4 81.8 353.9 208.7 117.7 74.3 96.0 «01044

159 137.9 13642 83.1 330.1 180.8 97.0 55.1 7643 00831

2422 142,31 14al.7 84.4 J6b.4 197.8 102.2 55.7 79.0 «00862

2.85 lad.as 146.0 85.7 303.2 188.4 77.9 50.3 ba.l «00701

349 148.2 148.0 87.0 35%.1 198.5 93.3 52.3 72.8 +00797

4,12 143.4 149.0 08.3 351.9 20044 93.9 52.9 13.4 00805

4.76 148,6 149.3 89.6 369.4 206.3 100.2 5543 77.8 «00855

$39 151.0 149.5 90.9 336.7 2094 8%.4 56.0 1247 «00800

8466 150.2 149.7 93.4 3%2.5 206.3 98.8 58.4 3.6 «00868

793 149.8 149.8 96.0 353.06 20644 1042 60.8 8245 «00915

9.20 150.3 150.0 98.6 35242 207.9 107.5 63.8 85%.06 «00953

11.73 152.0 152.8 103.8 3%53.9 20648 114,.8 6640 0.4 +01013
14.27 1%8.5 157.3 108.9 3a7.1 207.5 108.7 60.6 87.7 «009289
14,91 159.0 1%59.0 110.2 358.9 205.9 114.0 65.3 89.7 «01013
1681 16645 164.8 1l4.1 Jeleb 195.7 100.3 60.3 80.3 00912

FULLY DEVELOPED REGION (BASED OM AVERAGE DATA FROM X/D=2.85 TO X/Del6.81) 1@
NU(R)A=104,13 NUIS)A= o0l.28 NU(AV)A= 82,70 STUAVIA= ,00922

El(e)s 100,48 STLAV)/ST(45)=2.28 F/F{aS)=4,306 (ST/STUASIV/LF/F(AS))= 523
(F/FLAS)IZIST/ST(AS)Y 3.0= .37 REBARI= 5,219 nH(8ARI*11.094

RUN NUMBER=319HR20-60/20 E/0= 063 P/E=20.00 ALPAe oU U 2.9506 IN
PR=.T71 MDATe 0618 LBM/SEC RE= 19775, CGEtR)= 484.9 BTU/Hx=5Q FT
AGE(S )= 2606.0 INLET TEAPe 80,4 F TATA= 72.3 F PATM=14.60 PSIA

X/0 TwiR)  Twis) TBULKX QGASIR) QGAS(S) NULR) NUI(S) NULAV) STLAY)
«32 121.2 1l4.6 80.9 417.2 218.6 168.3 105.4 136.8 «00955
«95 129.1 12a.1 82.0 476.7 26043 164.9 100.2 132.6 «00926

1.59 136.9 133.6 83.1 451.7 226.8 135.7 2.6 104.2 «00729

222 141.5 139.0 84.2 489.0 242.4 137.9 Ti.4 104.7 «00733

2485 147.6 l4a2.s 85.3 420.0 24548 108.6 69.3 89.0 «000624

3049 14602 1442 86e4 485.0 25245 130.6 70.2 100.4 «00700

4.12 145.9 145.3 87.4 47b6.8 249.2 131,.0 6942 100.1 +00705

4,76 145,86 145.3 88.5 503.8 258.0 141.5 72.9 107.2 «0075¢6

5039 148.7 145, 8%.6 4566 25746 123.,7 74.0 9848 «00698

6,06 laT.a  145,.2 91.8 479.3 253490 137.4 77.1 10742 «00759%

7«93 147.4 145.0 93.9 477.7 259.1 142.0 80.7 111.3 00791

9.20 147.9 lad.s 96.1 «77.5 2594 146.0 8le4 114.7 «00817

11673 150.2 145.4 100.4 478.9 259.1 151.3 85.0 118.2 «00847
14027 157.% 154.4 104.8 4716 258.0 139.8 8le2 110.5 «00796
14.91L 153.0 15642 105.8 485.1 257.8 145.0 79.9 112.4 400811
16.81 167.0 162.3 109.1 46446 250.7 124.5 3.4 9d.8 «00716

FULLY OEYELOPED REGION (BASED ON AVERAGE OATA FROM X/0=2.85 TO x/0=16.81) ¢
NU(R}IA®139,08 NULS)IA= 78.73 NU(AV)A=108,91 ST(AVIA= 00777

Ele)e 257,29 STUAV)/STLASY=2.18 FIFLAS)=4,.90 (ST/STUASII/UFIFLAS) )= o445
CF/FLAS)IIZUST/STIAS)) J.0e .47 R{BAR)= 5,219 H(BAR)=L3.0b6
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RUN NUMEER=320HK40=60/20 E/0e o063 P/t=20.00 ALP A= o0 O+ ¢.95%56 IN
PRe,71 M00T= 1160 LBM/SEC RE= 37163, COE(R)= 789,7 8TU/HK=50 FT

QGEL(S)= 43b.4 INLET TEMP= B8l.5 F TATH= 71,9 F PATMel4,066 PSIA
X/D  Twi(R) TwWisS) TBULK QGAS(R) QGASI(S) NU(R) NULS) NULAV) STLAY)
e32 121.0 115.6 82,0 64044 325.7 26549 15740 211.5 00767
«95 13041 12%.9 82.9 78343 430.5 26848 16241 215.4 »00803
159 139.1 13642 83.9 7455 389.0 217.9 120.1 16940 «00631
2422 143.9% 14143 84,8 798.9 41243 21945 117.0 lob.6 «00630
2,85 150.0 lé44sé 85,7 70843 412.0 177.5 113.1 14543 «00544
.49 14b.4  145.4 86.7 800.7 423,95 21546 11640 165.8 00621
4412 145.2 145.8 87,6 78l.7 421.9 21840 11644 16742 00627
470 144,0 145.4 88.0 820.8 42844 237.4 120.8 179,1 «00673
5.39 147.8 145.0 89,5 757.0 430.0 207.9 12440 16640 «00624
666 14642 14448 91,4 784.0 4284 22843 12840 1741 +00672
7.93 145.8 144,06 93,3 83.06 429.6 237.4 133.2 18543 «00700
.20 1lab.4 145,0 95,2 743.0 431.1 24244 137.2 189.8 +00719
11473 149.8 149,8 98.9 784.0 428.5 243.0 132.8 187.9 00718
14427 158.8 15%.9 102.7 779.7 429.0 21640 12604 171.5 «00657
14.91 159.7 158.0 103.0 790.0 42643 22045 12247 171.6 +00658
16481 169,68 163.8 10645 76048 421.3 18846 114.5 1515 «00583

FULLY DEVELOPED KEGIUN (WASED ON AVERAGE OATA FROM X/0%2.85 TO X/0=lb6.81) 3
NUlR)A®224.8) NU(S)A=126.71 NMULAY)IA=175.77 STULAVIA= L0006b67

Ele)s 296,05 STUAVI/ZST(4S)=2.21 F/FL4S)=5.73 CST/STUAS)I/Z(F/F(4S)H)= 386
(FIFLAS)I/UST/STLAS)) 3.0= .53 R(BAR)= 5,219 HisAR}=16.361

RUN NUNMBER=321HKk60=-6V/20 €/0= .06) P/E=20.00 ALPA= 60 D= 2.956 IN
PR=2,71 HDOTe .1820 LBM/SEC REe 58479, QGE(R)=102%.3 BTU/HR=SQ FT

QGE{S)= 543.1 INLET TEMP= 31.3 F TATR= 72,0 F PATA=l4.66 PSIA

X/0 Tul(R) Tw(s) TBULK QJGAS{R) QGAS(S}H NU(R}) NUI(S) NU(AV} STLAY)

«32 117.8 1ll4.6 82.2 847.0 396.6 3485.3 198.2 291.8 «00692

«95  128.3 124.8 83.0 1019.1 $37.3 363.9 207.7 285.8 «00679
1.59 138.7 13%.0 83.7 972.0 492.5 28545 155.1 220.3 «00524
2.22 143,31 139.6 84,5 10334 516.3 283.8 151.1 217.4 «0051s
2.85 149.8 144,.8 85.3 935.9 521.3 23347 148.0 191.2 «00456
3.49 144.8 142.2 86.0 1044,2 536.2 28640 153.7 219.8 «00524
4e12 143.2 14207 86.8 1017.5 525.7 290.0 151.2 220.6 «00527
4476 1lel.b 142.0 87.06 10606.7 535.4 317.0 157.9 237.5 +00568
539 146.4 14l.3 88.3 986.0 538.2 272.3 162.9 217.86 «00521
G.606 144.2 140.9 89.9 1020.8 535.5 300.5 le7.9 23442 «00562
7.93 143.7 140.5 91.4 1021.2 537.8 31146 174.38 243.2 «00584
9.20 145.1 14142 2.9 1017.7 $38.3 310.6 L77.5 28441 +0us88
11.73 148.6 1l4o.? 96.0 1019.8 535.1 307.1 l67.2 237.2 «00574
14,27 157.9 152.5 99,1 101v.9 535.6 271.0 157.9 214.5 00521
14.91 158.6 154.4 99.8 1026.4 533.3 274.9 153.9 2144 00521
16.81 169.0 1%9.4 102,11 1000.8 529.1 234.8 145.0 189.9 «00463

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM Xx/D=2.85 TO x/D=16.81) @
NU(R}A=288.88 NU(S)A=1b2.74 NULAV)IA=225,.8]1 STCAV)IA= 00544

Ete)= 4606.706 STUAV)I/ST(4S5)I=2.02 FIF{aS)=b.30 (ST/STUASII/(F/F(aS))= 218
CF/FCASHIZLIST/STUAS)) 3,0= .77 RI{BAR)= 5.219 H{BAR)=20.049

RUN NUMBER=322HR80-60/20 E/D= 40063 P/E=20.00 ALPA= &0 D= 24956 IN
PR=.71 M00Te .2440 LBA/SEC REe 78573, GGCE(R)=1219.3 BTU/HA=SQ FT
QGE(S)= 072.0 INLET TENP= Bl.3 F TATA= 71.06 F PATH=1la,0606 PSIA
X/0 ThiR) Twis) TBULK QGAS{R) QGAS(S) NU(R) NUL(S) NU(AY) STULAY)
e32 113.3 1l4.7 8l.6 1035.6 481.4 530.5 23642 333.3 «00678
«95 125.1 124.8 82.3 1213.4 666.1 459.4 254.4 356.9 «00632
159 13649 134,.8 83.0 1158.0 6l8.7 347.5 193.3 270.4 «00479
222 1417 138.9 83.7 1227.5 646,0 342.3 189.3 26548 +0U471
285 148.4 140.6 84,4 1122.9 650.5 283.3 18649 23%.1 «00417
3.49 14242 14040 85.1 1244.5 66942 3514 19404 27249 «00485
4,12 140.2 14l.2 85.38 1211.7 652.3 358.7 189,06 27401 «00488
4.76 138.2 140.3 8645 1270.6 bb4.4 395.2 198.6 29649 «00529

539 144.0 139.4 87.2 1174.5 668.3 332.1 205.6 26849 «00479
666 1l4l.6 139.0 88.0 1214.8 664.6 367.1 211.2 28942 «00516

7.93 140.8 138.06 89,9 1217.3 667.0 382.8 219.3 301.0 «00539
9.20 142.8 139.4 91.3 1211.2 667.6 375.5 221.6 293.5 «00535
1173 140.4 145,06 94.1 121401 66344 368.7 204.6 28047 «00518
14,27 15602 15049 96.8 1209%.38 606440 321.3 194.4 257.8 «004060
14.91 157.0 15¢.7 97.5 1219.8 662.0 324.1 1d9.0 296.9 «00464
16.81 167.0 157.2 99,6 119445 658.3 279.1 180.0 229.6 «00416

FULLY DEYELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2.85 TO x/0=16.81) ¢
NUCR)A=349,20 NU{S)A=202,.40 NUCAVIA®2T7S5.83 ST(AVIA= ,00495

Ele)e 6274606 STUAYI/STLAS)=1.97 F/F(AS) 6,80 CST/STLAS)I/LF/F(4S))= 290
CF/FLASYI/(ST/ST(ASE) 3,0= .89 R(BAR}= 5.219 H{BAR)=22,984
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RUN NURBER =2 33IHRQ8=45720 €/0= 4063 P/E=20.00 ALPA® 4> D= 2.956 IN
PRe,71 “D0T= ,0292 LBM/SEC RE= 9384, GGE(R)= 238.3 BTU/Hk=5Q FT

QGE(S)= 1l38.0 | INLET TEAPe To.3 F TATH= 70.0 F PATM=14,62 PS1A
x/0 Tu(R) Tu(s) TBULK QGAS(R) QGASIS) NULR) NULS) NUCAY) STLAY)
«32 118.0 115.0 769 218.7 127.2 9649 5445 7047 «01038
«9% 123.3 121.6 78,0 23244 132.9 83.7 49.8 60.7 200981
159 128.7 126.1} 19.2 227.6 119.0 74.9 3%.6 572 «00843
2022 133.5 133.0 8043 227.6 121.2 69.0 37.4 53.5 «00789
2.85 137.8 136.6 81.5 20640 116.0 59.3 el 40,7 00690
3.49 139.0 134.3 82.6 221.1 121.4 63.5 3543 A9.4 «00731
4,12 139.0 134.38 83.48 23067 128.6 6745 37.8 5240 00780
4,70 139.0 139.0 84.9 233.9 131.0 69.8 391 5444 «00804
5039 134.4 134.2 86,1 2264 12943 6843 39.2 53.8 «00800
6.66 13846 139.0 88.4 232.2 131.0 7401 al.5 57.8 +00862
7.93 138.% 138.8 90.7 232e4 131.8 7.6 43.8 60.7 +00908
9420 13942 139.0 93.0 231.8 132.06 79.8 45.8 6248 « 00943
1173 142.2 141.8 97.6 23244 13244 82.3 a7.3 6448 +0U979
14.27 149.3  1e8,0 1022 224.0 129.2 FATY ) 44,2 59.4 +00903
14.91 149.3  149.4 103.3 23040 129.7 80.5 44,1 6243 0949
160.81 154.7 153.3 10068 221.8 123.8 2.1 4les 5048 «008638

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/D=2.85 TO X/D=l6.81) @
NUIR)A® 75,27 NULS)A® 42,89 NUtAY)A= 59.08 STLAYIA= .00889

El(¢)= olebs STC(AV)/STL45)=2.00 FIF(AS)=2,.74 (ST/STUAS)I/UF/F(4S))e 0232
(F/FLAS)I/ZUST/STIASY) 3.0= .34 R(BAR)= b5.873 H(BAR}= 9,140

RUN NUMBER=294nR12=45/20 E/D0» 063 P7E=20.00 ALPA= 45 0= 2,956 IN
PR=.71 MDOTe .0412 LBM/SEC RE= 13227. QCEtk)= 311.7 3TU/HX=SJ FT

QGE(S}= 194.0 INLET TERP= 77.8 F TATM= 70.8 F PATA=14.62 PSIA

X/0 TwiR) Tu(s) TBULK QGASIR) QGAS(S) NU(R) NU(S) NU(AY) STtayv)

«32 11%.8 1l11l.6 78.3 271.2 172.5 118,0 84.6 101.3 «Q10%6
«95 121.5 119.2 79.4 306.2 188.7 118.4 77.3 97.9 «01022

1.59 127.2 126.7 8045 300.9 168.7 104.7 59.3 32.0 00857
2422 132.4 131.9 8l.06 297.8 173.1 9542 55.8 755 200791
2489 13b6.6 135.3 82.7 276.5 174.9 83.1 53.4 6845 +00718
3.49 137.3 137.2 83.8 297.2 176.3 89.8 53.3 710 400752
412 137.1 137.8 84.9 30444 183.4 94.1 55.9 75.0 +00789
4.76 136.9 138.0 86.0 313.3 186.6 99.1 5.8 78.4 +00827
$¢39 137.8 138.2 87.1 298.8 18642 94.7 5845 7646 «00809
beb6 137.5 13d.5 89.3 306.0 180.5 101.6 60,8 8le2 «00860
7.93 138.0 13¥.7 91.5 305.8 18b6.2 104.9 6249 83.9 00891
9.20 139.2 138.8 93.7 304,06 18842 106.4 0be3 8043 +00919
1173 142.2 141,86 98.0 10645 188.6 109.6 68e4 89.0 «00953
14427 150.4 149,2 102.¢ 298.8 184.9 7.7 ol.y T98 +00860
14,91 1%1.1 151.0 103.% 308.1 184.7 101.3 60.9 3la.1 «00875
16.81 157.2 1%50.0 106.8 294.8 179.1 91.0 9567 7348 «00800

FULLY OEVELOPED REGION t3ASED ON AVERAGE DATA FROM x/D=2.85 TO x/D=16.81) ¢
NUIR)A=100.061 NU(S)A= 61.80 NUlAV)A= B81.21 STLAV)A= 00806

Ef(e)=  Bb6.95 STUAV)/ST(AS)=2.17 F/IF(45)=3,01 (ST/STULASII/(F/FCAS))= 719
LF/FLAS)IZLST/ST(AS)) 3.0= .30 R(BAR)= 6,873 HIBAR)= J.440

RUN NUMBER®295HR20-45/20 E/0= .063 P/£=20.00 ALP A= 45 D= 2.956 IN
PR=,71 MOOTe U655 LBM/SEC RE= 21057, CGE(R)= 429,55 B8TU/Hk=5Q FT
QGE(S)= 2139.7 INMLET TEMP= 79.4 F TATH= 72.0 F PATA=L4,062 PSIA
X/0 TRER) Twis) TBULK QGAS(R) QGAS(S) NU(R) NU(S) NULAV) STLAY)
«32 11%.0 109.2 79.9 354.9 197.2 16442 109.3 136.8 00899
«95 121.1 117.4 80.8 429,1 234.7 170.8 103.9 137.4 200904
159 127.2 12¢%.7 81.7 418.0 208.1 149.0 7647 112.8 «00743
2422 132.6 130.7 8240 All.9 21b.7 133.4 73.0 103.2 «00681
2.85% 136.6 133.6 83.5 389.1 22242 118.5 71.7 95.1 «00628
Je49 136.4 135,.2 84.4 419.6 2247 130.3 71.4 100.8 +000667
4.12 135%.9 135.8 85.3 422.5 228.7 134.8 73.0 103.9 +00688
4,76 135.3 135.9 86.2 435.7 232.7 142.9 5.4 109.1 «00724
539 136.4 136.0 87.1 414.9 232.3 135.4 Toas 105.9 +00703
be66 135.8 136.1 89.0 424.9 232.6 145.3 719.2 112.2 +00747
T¢33 136.4 13s.1 90.8 425%.0 233.1 148.8 82.2 115.5 «0077L
9.20 138.3 13b6.4 92.6 422.6 235.5 147.3 8$5.06 116.5 «00779
1173 142.6 141.3 96.2 42442 233.7 144,39 82,1 113.5 «00763
14.27 151.8 14%.4 99.9 4ls.1 230.3 126.1 73.2 99.6 «00673
14.91 152.7 151.2 100.8 426.0 229.2 129.0 71.9 100.2 +00678
16.81 159.3 1%55.2 103.5 411.1 22640 115.4 68e5 I1.9 «00624

FULLY DEVELOPED REGLION (SASED ON AVERAGE DATA FROM X/D=2.85 TO x/D=l6.81) 2
NU(R}A=137.10 NU(S)IA= 77.42 NULAY)A=107,.26 STUAVIA= 00718

E(e)= 138.70 STUAY)/ST(AS)=2.05 FIFLaS)=3.01 CST/STUAS)I/UF/IFLASYY= o802
(F/FLAS)IZLST/ZSTIAS)) 3.0 .39 R{BAR)= 6,873 HIBAR)=11,.942
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RUN NUMBER=296HR40-45/20 E/0= .063 P/E=20.,00 ALPA= 45 0= 2,956 IN
PR=,71 M00T= .1220 LBM/SEC RE= }9288. QGE(R)= 651.,2 BTU/HR=~3Q FT
QCE(S)= 160.2 INLET TEMP= 80.06 F TATHs 72.4 F PATM=14,62 PSIA

X/0 TaiR} Twts$) TBULK QGAS(R) QGAS(S) NU(R) NU(S) NULAVY) STLAY)
«32 11).6 10842 81.0 517.4 277.7 2574 165.5 2115 « 00747
«95 119.8 1llo.s 81.7 646.0 355.4 274.8 l65.1 219.9 «30778

1459 126.0 12%5.0 82,4 642.0 323.3 23845 122.9 180.7 +00640

2422 131.8 129.5 8342 62601 33549 208.2 117.) 162.7 «00577

2.8% 135.3 131.7 83.9 6lle5 34645 19243 117.2 154.7 «00549

349 134.6 13300 84,7 64247 Jas.06 207.7 115.4 161.5 «00574
4.12 13).7 133.3 8%5.4 644,.5 349.1 215.0 117.5 166.3 «00591
4.76 132.8 133.1 86.1 bbl.3 3536 22841 121.3 174.7 «00622
3.39 13e4.0 132.8 86.9 63649 355.1 217.3 124.3 170.8 +00609
6.66 133.6 132.9 88,4 646.1 353.6 229.0 127.5 178.2 «00838
T.93 134.0 132.9 89.8 648.0 354.9 234.8 131.8 183.3 «00656
9,20 136.2 1133.8 91.3 LLL PR 356.5 229.1 134,80 181.9 «00652
11.73 14l1l.0 139.5 94.3 646.3 353.8 219.7 124,2 171.9 «00619
1427 151.2 146.9 97.2 636.5 35tK.2 136.06 1ll.8 149.2 «00539
14,91 151.8 144.4 98.0 64843 Jadeb 190.0 109.1 149.3 «00541
16.81 158,2 1%0.7 100.2 631.9 348.7 171.4 108.6 140.0 «00508

FULLY OEVELOPED REGION (4ASEU ON AYERAGE OATA FKOM X/0=2,85 TO X/0e=lb.81) @
NU{R)A=211.61 NU(S)A=121,57 NU{AVIARL66.59 STUAVIA= 00598

Ele)= 259,27 STUAV)/ST(45)=2.0L FIFLA4S)=3.97 (ST/STUAS)I/(F/FLAS) )= 507
(F/FLAS)IIZAST/STLAS)) 3.0 .49 R(BAR)= 6,873 H{BAR)=14,389

RUN NURNBER=29THR60~45/20 E/0~ .063 P/E=20.00 ALPA= 45 D= 2.956 IN

PR=. 71 M00T= L1780 LBM/SEC RE= 356691. QGE(R)= 859.0 BTU/HR=SQ FT

QCGE(S)= 4b64,1 INLET TEAPe 8l.4 F TATne 70.6 F PATA=14.62 PSIA

xX/0 TuiR) Tu(s) TBULK QGASIR) QGAS(S) NJ(R) NULS) NU(AY) STLAY)

32 114.0 110.8 8l.7 707.3 339.6 355.4 189.4 272.4 00668
«95 120.8 119.2 82.4 853.5 458.8 359.9 202.0 200:9 :00690

1e59 127.6 127.% 83.1 850.5 425.2 3os.8 154.06 231.7 00569
2422 134.2 131.8 83.7 82606 438.3 264,49 157:5 206:1 :00507
2485 137.5 133,7 84,4 813.9 47.8 247.5 146.6 197.0 «00483

Je49 13640 13404 85.1 855.8 45643 27%.0 149,2 210.

4,12 135.0 135.0 85.8 351.9 447.9 278.4 14645 le.: :gg:;:
476 134.0 134.5 8644 872.7 457.1 29%.1 153.1 224.1. 00553
539 135.6 133.9 87.1% 842,31 460.7 279.1 158.2 218.6 «00540
6466 135.2 134.1 88.4 854.1 457.2 292.9 180.5 226.7 «00561
7493 135.9 134,) 89,8 855,0 45845 29646 lo4.8 230.7 «00572
9.20 138.2 135.2 9.1 851.9 450.1 288.9 166.06 227.8 +00566

11.7) 143.3 14l.6 93.8 853.6 456.5 274.1 151.8 213.0 «00531
19,27 1%53.5 1l48.4 96.5 844.5 454.6 2]5:3 lJO:b 186:5 «00467
14,91 154.4 149.7 97.1 854,11 452.2 235.9 13640 185.9 «00460

16481 16042 151.4 99.2 338.9 452.8 21646 138.8 176.6 000444

FULLY DEVELOPED REGION (3ASED ON AYERAGE DATA FRO® X/D=2,85 TO X/Delb.81) 13
NUIR)A=267,89 NU(S)A=151.62 NUCAY)A=209,.7% STtaViae ,00521

E{e)e 374,41 STUAVI/STUAS)=1,92 FIF(a5) 04,32 (ST/STUASII/(F/FLAS))a 445
(F/FCASII/ZUST/ST(AS))  3.0% .61 R(BAR)= 5,873 HU3AR)=17.455

RUN NUABER=238HRE0-45/20 E/70= .06) P/E=20.00 ALPA= 45 U= 2.9% IN
PRs. 71 ®0QT= .2510 LBM/SEC RE= 80854, QGE{R)= 97648 BTU/MR=SQ FT
QGE(S)= 580.5 INLEY TEAPe 813.0 F TATH= 72.0 F PATA=14,862 PS1A

X/0 TH(R) Twu(S) TBULK WQGASI(R) QGAS(S) NJ(R) NULS) NUCAY) STLaY)
«32 109.8 110.6 83.3 3l2.5 4l8.1 495.4 247.5 I71.4 +00640
«9% 117.4 118.3 83.8 971.8 375.4 4b67.7 266.1 360.9 «006133

1e59 125.0 126.9 8444 96546 34042 3al.8 204.9 294,.3 00508

2422 131.9 130.7 84,9 939.7 355.5 32245 195.6 259.0 «00447
2485 135.0 132.2 85%.5 92946 565.4 3o2.5 195.0 24d.8 004130
.09 132.9 132.6 86,0 977.7 S74.7 33%.9 198.7 267.3 «00462
4,12 131.8 1331 8b.6 970.2 569.4 345.0 196.9 271.3 «00470

4.76 130.6 133,1 az.l 9948 4 573.8 Je9.2 200.9 28541 «00494
5039 133.0 1133.0 87.7 95547 574.5 338.7 203.0 27142 «00470
6,66 132.4 133.2 43.4 973.2 $73.8 357.8 207.4 242.6 +00491
7.93 133.3 133.3 89.9 973.1 578.3 358.8 213.2 2886.0 +00497
9.20 135.7 13%.7 91.0 969.9 573.6 LYY 3 20%.0 27%.8 00480
11e73 14046 140,08 9342 971.38 573.6 326.4 192.7 259,95 «0043)]

14.27 150.6 14647 5.4 902.9 575.9 21643 178.2 2275 «00399
14.91 151.4 149,13 96.0 971 .5 571.2 2717.46 169,27 2237 «0Y392
16.81 1%6.6 1%6.b 97.06 357.7 559.0 2%6.17 150.0 203.3 «001357

FULLY DEVELOPED REGIUN (4ASED ON AVERAGE DATA FROM X/De2,d5 TO X/0wl6.31) 3
NU(RIA=322.69 NU{S)A=Ll92.1¢ NULAY)AS257,.40 STLAVIA® U043

E{ed= 934,71 STUAVI/ST(ASI=1,080 F/FLAS)=a.nT UST/STUASII/Z(F/F(aS))e o385
CF/FLAS)I/UST/STLAS)) 3.0~ .80 RIBAR)= 6.873 H{BAR)=20.724
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RUN NUMBER=239HR08-30/20

PRe.71
QGE(S)= 138.06
X/0 TwR)
«32 119.0
«95 12447
1.59 13044
2422 135.)
2.85 138.8
349 140.6
4012 14l.4
a.76  te2.1
$.39 142.2
6e68 l4led
7.93 142.0
9.20 142.4
11.73  145.3
14.27 150.4
14.91 152.0
l6.81 156.4
FuLLY

NUIR)A= 58,56
49.98
(F/FLASIIZUST/STIAS))

E(ol)a

“DOT= .0267 LBA/SEC
INLET TENP=

DEVELOPED REGIOM (BASED ON AVERAGE DATa FkOn X/D=2.85 TO X/D=16.81)
NU(AV]IAe 54,88

F/Ft4S)e2.11
R(BAR}= 3.058

Tu(sS)
115.8
122.7
129.86
135.1
139.2
14142
182.2
142.6
143.0
143.2
143.3
143.3
145.3
150.7
152.3
155.9

NU{S)IA= 41,20

TBULK
78.0
79.2
80.4
8leo
82.48
84.0
85.2
86e 4
87.6
90.0
92.4
94.8
99.6
104.4%
105.6
109.3

P/E=20.00

TATMe 09.4 F

E/D= .063
RE= 8559.

77.4 F
QGAS(R) QGAS(S)
202.8 124.8
215.6 132.7
2087 120.5
2035 120.7
20042 113.8
20%.4 12240
213.3 125.7
208.5 130.5
211.0 128.7
2loeb 130.4
213.3 130.1
215.1 131.3
21445 131.9
213.8 130.5
212.0 127.0
206.0 123.5

STIAV)/ST(4S)=1.9¢

Ju0= 27

NU(R)
30.7
77.2
&7e9
aled
379
58.0
oled
60.2
0.1
67.4
88.6
71.3
74.0
72.7
71.3
ol.8

STCAV)AS
(ST/STUASII/(F/FLASH)=

ALPA= 30

PATH=14,70 PSIA

NULS)
53.8
49.7
39.4
36.0
32.7
34.6
35.06
37.4
37.3
39.3
«0.8
43.1
45.5
44,1
“2.7
el.l

H{oAR)= 7.043

P/E=20.00

TATH= 72,2 F

RUN NUMBER=240HR12-30/20 €/0= .063
PR=,71 M00T= ,0396 LBM/SEC RE= 12707,
QGE(S)e 184,.3 INLET TENP= 78,6 F
Xx/0 Tu{R) Tuts) TBULK QGAS{R) QGASLS)
«32 115.6 111.0 78.9 2798 180.3
«95 121.8 114.9 80.0 289.7 179.1
1.59 128.0 126.9 8.1 278.8 159.1
222 132.9 132.» 82.2 279.1 167.0
2.8% 13667 13646 83.3 26949 159.6
J.49 138.2 138.6 84.3 28242 172.2
4212 139.0 140.0 8%.4 287.3 169.56
4.76 139.8 140.5 86.5 284.5 176.8
9.39 140.2 141.0 87.6 285%.0 175%.2
G.66 140.,0 141,.5 89.7 288.5 170.7
793 140.2 141.9 91,9 283.8 17643
9.20 141.0 142.2 94.0 288,38 177.4
1173 144,484 1l4as,0 8.0 288.7 179.0
14427 150.9 151.0 102.7 287.1 176.3
14,91 152.8 153.0 103.7 287.0 173.9
16.81 158.8 157.83 107.0 278.8 169.4
FULLY

NU{RIA= 92,21
72.27
(F/FLASII/ZIST/STLAS))

E{e)m

DEVELOPED REGION (3ASED ON AVERAGE DATA FROM X/D=.45 TO X/0=l6.81)
ST(AV)aA=
LST/STUASIIZF/FLASH)=

NU(S)A= 55.92

STUAY)/ST(45)=2,03

3.0= .27

NU(AV A=

74.07
F/FL4S)=2,23
R{BAR)= 3.360

NUR)
124.3
112.7
V6.2
d9e1
8l.7
d4eb
dbeH
85.8
dbeY
91.8
9543
97.7
99.0
9v3.2
Jleo
83.8

AL? A= 30

«00905

NUCAY)
6l.3
634
53.8
49.0
45.3
48.6
4d.9
48,8
ave7
53.3
54.7
57.4
597
5844
57.0
Shet

PATA=14,70 PSIA

NU(S)
1.6
74.8
56.4
33.9
48.4
51.2
$50e1
5246
52.7
S54.7
5642
5845
61.9
57.1
95.2
51.9

+00822

H{dAR)= d.371

NU(AY)

108.0
93.8
7605
7T1.5
65.0
67.9
6843
69.2
6v.8
73.2
75.8
74.1
80.4
75.2
734
67.8

0= 2,956 IN
QGEtx)= 221.7 dTU/HA-SQ FT

STLAV)
+01082
+01022
«00864d
+00793
+00733
«00756
.00787
«00794
.00810
«00872
«00897
«00948
+00930
+00973
«00952
+00913

+340

D= 2.956 I[N
UGEtR)= 295,1 dTU/HR=SQ FT

STLAY)
«0L172
«01020
+00832
+00779
+00710
«00743
«00748
+00760
«00767
00807
«00837
«00866
+00897
«00843
«0082%
«00765

«912

STLaAY)
«0098%
«00910
00727
«00b68¢
+000638
«00657
00663
+00668
006838
«00714
007240
«00753
«00744
+00680
+00655

RUN NUMBER=241MA20-30/20 E/D= ,063 P/E=20.00 ALPA= 30 D= 2.956 IN
Pi=,71 nDAT= L0634 LBM/SEC RE= 20342, QGE{R)® 399.U dTU/HR=SQ FT
QGE(S)= 248.0 INLET TEMP= 79,4 F TATA= 72.7 F PATA=14,.58 PSIA
x/0 TW{R) Twis}) TBULK QGASIR) QGAS(S) NUIR) NU(S) NU(AY)
«32 114.0 109.0 19.9 357.3 219%.0 170.2 119.9 145.1
«95 120.7 117.5 80.8 393.8 243.l 16042 107.6 133.9
1e%9 127.4 125.9 8l.7 378.0 216.3 lia.t T4 106,38
2422 132.2 13142 82.6 380.8 229.8 12443 7645 100.4
2.8% 13%.% 135.0 83.5 3743 22542 1164 70.7 93.5
J.49 136.6 136.8 84,4 388.0 234.5 120.0 72.3 96.1
40,12 137.2 137.8 3%.3 391.9 234.4 121.7 72.0 9649
476 137.8 128.0 86.2 385.5 240.8 120.3 1449 7.6
939 137.6 138.2 87.1 392.4 240.7 12540 75.7 100.3
G.66 137.4 138.6 88.9 392.9 240.8 129.8 17.8 103.8
7.93 137.% 138.9 90.3 394.3 2419 134.8 30.0 107.4
9.20 133.8 1394 926 3931 24243 135.5 32,4 10v.0
Lla73  143.4 142.8 986.2 3192.8 24246 151.8 32.5 107.2
1427 15%1.0 150.8 99.9 3917 24044 140.6 7443 7.5
14.91 153.3 153.1 100.4d 389.9 235.8 1i6.7 0.8 93.8
16.81 160.0 157.3 103.5 sele2 23346 9.s 58.0 d6.8

FULLY DEVELUOPED REGIUN (BASED ON AVERAGE DATA FxUm X/De2.85 T0 x/D=lo.8l1)
NUIR)A=125.10 NU(S)IA® 7b.00 NULAY}A®L00.98 STLAVIA= 00899

Ete)e 112,30 STI(AV)/STLAS)=1,98 F/FtaS)=2.30 UST/STULASII/LF/FLaS)) =
CF/ZFLASII/ZISTZSTIAS)) 3.0 ,31 RidAR)e 8,733 AldgAx}es 9,902
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RUN NUMBER=242HR40-30720 E/0* «063 P/E=20.00 ALPA= 30 D= 2,95 IN
PRe, 71 MDOT= 41190 LBM/SEC RE= 30327, QCE(R)}e 502.7 BTU/HK=5Q FT
QGELS)= 374,11 INLET TEAP= 80.6 F TATA= 71.8 F PATA=14.58 PS1A

x/D Tu(R) TwWis} TBULK QGASI(R) QGASES) MU(R) NU(S5) NULAY) STiLaY)
«32 113.8 109.6 81.0 $09.1) 287.5 249.8 163.0 206.4 «00748
«95 120.7 118,0 81.7 597.3 369.0 248.6 185.0 200.8 «00750

199 127.5 120.3 824 581.3 Jalen 208.9 125.9 167.4 «00608
2422 132.4 13123 83.2 S58l.l 352.9 190.8 118.5 154.6 00562
2485 135,5 134.5 83.9 580.0 353.1 181l.8 112.7 147.1 00535
Je49 136,56 135.9 84,06 591.6 Jol.4 143,7 113.7 l48.7 «00541
412 137.2 136.6 85.4 595.5 162.6 18%5.1 114.0 149,06 « 00545
4.76 137.8 1368 36,14 585.8 36649 182.4 116.6 14945 «00545
5.39 137.2 136.9 86.3 598.2 367.2 190.9 117.9 15444 «00564

6.66 137.0 137.3 88.3 595.9 366.9 196.2 120.1 158.1 «00579
7.93 137.0 137.7 89,7 598.9 367.0 202.8 122.5 16246 «0059¢
9,20 138.7 138.2 91.2 59642 369.3 200.4 125.5 162.9 «00599
11,73 143.4 143,0 94,1 597.0 368.0 192.% 119.6 156.1 «00576
14427 152.5 151.2 97.1 593.4 385.7 169.2 106.7 138.0 «00511
14.91 154.86 153.4 97.8 593.8 300.2 165.0 102.3 133.6 «00496
1681 161.2 156.2 100.0 584.0 36044 150.2 101.0 125.0 «00487

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM X/De2,85 TO X/Delb.81) 3
NUtR)A=1B84.84 NU(S)A=115,.28 NULAY)A=150.006 STLAVIA® .00552

Ele)= 202.47 STOAV)I/STLAS)=1.85 FIFL45)22,53 AST/STLAS)IZIF/FLAS))= 4731
(E/FLAS)IZUIST/STIAS)) 3.0e .40 R(BAR)= 9,250 HIBAR)=12,552

RUN NUMBER=243HR60-30/20 €/D= ,063 P/E=20.00 ALPA= 30 D= 2,956 IN
=, 71 MDOT= ,1820 LBN/SEC RE= 58737. QGE(R)= 737.1 BTU/HR=SQ FT
QGE(S)= 460.0 INLET TENPe 81.2 F TATA= 71.2 F PATR=14,70 PSIA

x70 THLR} TH(S) TBULK QGAS(R) QGAS(S) NULR) NULS) NULAY) STLAY)
¢32 110.9 108.5 81l.5 607.8 350.7 335.3 21040 27249 «00b47
«95 117.6 11642 82.1 732.0 455.0 334.1 215.9 275.0 00652
1,59 124.3 124.0 82.7 717.8 429.1 279.3 168.2 223.7 «00531
2022 129.3 128,95 83.3 71240 440.1 25045 157.2 203.8 «00484
2485 132.0 131.4 3.8 715.8 430.9 240.1% 148.4 194.3 «00462
.49 132.9 132.2 8404 729.9 45245 243.0 152.9 198.0 «00471
4,12 133.8 132.9 85.0 730.2 A47.6 24146 150.7 19642 «00467
4,76 134.6 132.9 85.6 713.0 45342 234.4 154.4 194.4 «00463
5639 133.3 132.9 86.2 735.9 454.4 251.4 156.06 204.0 «00487
6e606 132.8 133.4 87.4 132.1 453.2 258,38 158.3 204.5 «00498
7.93 133.2 133.8 88,5 731.9 454.0 262.7 100.4 211.7 «00507
9.20 134.4 13407 89,7 732.1 455.1 262.1 161.8 212.0 +00508
11.73 139.8 139.8 92.0 731.4 453.6 244,11 152.1 198.1 «00477

14,27 148.8 leo.8 Y404 72649 452.0 212.2 136.9 17405 «00421
14,91 150.5 148.7 9%5.0 729.8 440.6 208.4 131.8 170.1 «00411
16.81 156.8 150.8 96.7 718.5 447.9 189.3 131l.1 160.2 +002388

FULLY DEVELOPED REGION (MASED ON AVERAGE OATA FRO® X/D=2.85 TO X/D=l6.81) 3
MU(R)A=2308.25 NULS)A=149,.83 NULAVIA=194,.04 STULAV)IA= 00465

Ele)= 301.59 STUAVI/ST(4S)=1.73 FIF(AS)n2.63 (ST/STCASIV/CF/FLaShim 4659
CFIFC(AS)I/IST/ST{AS)) 3.0= .51 R(BAR)= 9,813 H{BAR)®14,840

RUN NURBER=244HRB0-30720 E/D= .06 P/E=20.00 ALPA= 30 De 2.956 IN
PR, 71 ADOT= 2510 LBA/SEC RE= 81042, QGE(R)= 907.5 BTU/HK=SQ'FT
QGE{S)= 5081.9 INLET TENP= 81.7 F TATA= 72.7 F PATA=14.58 PSIA

X/0 TWiR) Tw(S) TBULK QGASIR) QGAS(S) NU(R) NU(S) NUCAY) STU(AY)
«32 109.5 109.4 82.0 T51.0 429.8 442.4 253.9 348.1 «00599
+9% 11647 117.1 82.5 902.7 577.0 426.9 270.3 48,0 «00600

159 124.0 124.7 83.0 48443 548.5 349.4 212.7 281.1 «00484

222 129.0 124.9 83.6 883.5 560.8 31402 199.9 257.1 «00443

2.8% 131.8 131.2 4.1 880.3 561.9 297.9 192.6 24543 «00423

3.49 132.0 131.8 8440 905.4 575.4 308.3 196.8 25245 «00438

4.12 132.8 132.4 85,1 900.9 567.3 305.1 193.5% 249.3 «00431

4.76 133.5 122.0 85.7 886.0 57544 2908.4 200.0 249.2 «00431

9.39 132.4 13l.8 8642 905.2 579.4 315.3 205.4 26044 «00450

6e66 131.8 132.3 87.3 902.4 $75.4 325.5 20542 265.3 +00460

793 131.9 133.0 88.3 903.8 575.7 332.0 20640 26946 «004068

9.20 133.4 133.9 89.4 902.4 577.4 328.1 207.6 267.9 «00465

11e73 138.7 139.0 95 90206 375.7 305.0 193.3 24942 «00434
1427 148.7 14642 93.06 896.3 574.0 258,.8 173.5 21642 +00374
14,91 15%0.3 148,11 94.1 900.2 56842 25%4.8 167.4 211.1 «00369

16481 158.0 149,06 95.7 889.5 570.5 233.8 167.4 200.8 «00352

FULLY DEVELOPED REGION (BASED ON AVERAGE DATA FROM x/D=2.85 TO X/0=l0.81) 3
NULR}A®297.5 NU{S)Aa=192.21 NULAY)IA=244,.88 STCAVIA= ,00420

E(*)e 407.07 STUAVI/ST(AS)el.2L F/F(A5)=2.70 (ST/STUASIIZUF/FLAS) )= o034
CF/FUASIIZIST/STIAS))  3.0= .54 RIBAR)= 9,894 H{BAR)=16.047
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