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SUMMARY

In the second part of the report on the wind field developed
over two dimensional model hills experimental data are presented
in tabular form. For the initial interpretation of the large
quantity of data the first annual report (ERDA/NSF-00702/75/T1)
should be consulted.

The objective of this research was to increase technical
capacity to locate favorable wind system sites, reduce uncertainty
in the prediction or validation of the characteristics of sites, and
thus assist in the sizing and performance prediction of wind systems.
The research included evaluation of low speed aerodynamics over
terrain and boundary flow conditions over ridges by means of wind
tunnel modeling.

Measurements reported herein have been completed over triangular
and sinusoidal shape hills of wind speed, static pressure variation,
and turbulence intensity. Hill aspect ratios studied range from

1/2 to 1/6 with some data available at 1/20.

iii
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SITES FOR WIND POWER INSTALLATIONS:
Wind Tunnel Simulation of the Influence of
Two-Dimensional Ridges on Wind Speed and Turbulence
1.0 INTRODUCTION
A problem encountered in the siting of Wind Energy Conversion
Systems is the accurate estimation of topographical influence on
power available from the wind. Recognition of site selection importance
has led to a series of monographs and papers on the subject (Meroney,
1976). Laboratory simulation permits the systematic evaluation of
the influence of simple combinations of approach flow wind characteris-
tics and topographical features on variations of available wind energy.
In this second part of the report on the wind field developed over
two-dimensional model hills experimental data are presented in tabular
form. By providing the elemental data in organized tabular form it
is expected that analysts and numerical modelers may proceed to use
the information to construct better physical models or to validate
existing algorithms. For the initial interpretation of the data the
first annual report (ERDA/NSF-00702/75-T1) by Meroney, et al. (1976a)
should be consulted.
In the following sections of this progress report one finds a
review of the experimental program, a summary of data reduction

procedures, and the tabulated data for flow over two-dimensional ridges.



2.0 TEST PROCEDURES

A wide range of natural wind characteristics can be simulated by
means of the unique Meteorological Wind Tunnel of the Fluid Dynamics
and Diffusion Laboratory which has been used for this research.
Characteristics of major concern are magnitudes and spatial distri-
bution of mean velocity, turbulence scales and turbulence spectra of
winds approaching the wind power sites. Verification that natural
wind characteristics are simulated to a high degree of approximation
by the long-test-section type wind tunnel has been been reported by
Cermak (1975).

Measurements in wakes require considerable care, both in their
acquisition and in their interpretation. In this chapter the methods
used to make measurements and the techniques used in converting
directly measured quantities to meaningful physical quantities are
discussed. Attention is drawn to the limitations in the techniques
in an attempt to prevent misinterpretation or misunderstanding of the

results to be presented in the fourth chapter.

2.1 The Wind Tunnel Facility

The experiments were performed in the Meteorological Wind Tunnel
located in the Fluid Dynamics and Diffusion Laboratory at Colorado
State University. A plan view of the wind tunnel is shown in Figure 1.
The tunnel is a closed circuit facility driven by a 250 hp variable-pitch,
variable-speed propeller. The test section is nominally 2 m square and
27 m long fed through a 9:1 contraction ratio. The test section walls
diverge 0.01 m/m and the roof is adjustable to maintain a zero
pressure gradient along the test section. The mean velocity can be

adjusted continuously from 0.3 to 37 m/sec. The wind speed in the test



section does not deviate from that set by the speed controller by more
than 1/2 percent. The tunnel is equipped with a refrigeration system
to maintain the air temperature at a constant level (:_1/2°C). Though
the wind tunnel is capable of simulating thermally stratified planetary
boundary layers all tests reported in this report used a neutral
boundary-layer stratification.

At the entrance to the wind tunnel test section a 0.038 m high
sawtooth boundary-layer trip is installed to insure prompt formation
and growth of a turbulent boundary layer. A similarity profile is
attained in the boundary layer within 6.1 m of the test section
entrance. All the measurements reported in this report were made with
the models at or beyond 11.0 m from the start of the test section.

Thus the approach-flow boundary layer has a similarity velocity profile
and changed very slowly along the test section.

The boundary layer continues to thicken at successive locations
along the test section. Over the smooth flat plate the thickness of
the boundary layer increases in proportion to x'48. However, in the
region in which all measurements were made, the boundary-layer growth

was linear within the ability to measure the boundary-layer thickness.

2.2 Design and Construction of Hill Models

A total of 17 hill models have been designed and constructed for
the meteorological wind tunnel:

triangular-shaped hill models (width 1.83 m)
-with a height of 5.08 cm and slopes of 1/2, 1/3, 1/4, 1/6
-with a height of 15.29 cm and slopes of 1/2, 1/3, 1/4, 1/6
-with a height of 5.08 cm and a slope of 1/20



sine-shaped hill models
-with a height of 5.08 cm
-with a height-length ratio of 1/2, 1/3, 1/4, 1/6
-with a height of 15.24 cm and a height-length ratio of
1/2, 1/3, 1/4, 1/6

For each of the hills mentioned above, three types of surface
instrumentations were installed. The instrumentations were static
pressure holes, preston tubes, and surface hot wires. The locations
of the static holes are tabulated in Figure 3.

In one series of tests the hills were mounted in the wind tunnel
with a false floor upstream. The false floor was placed 5.60 m
directly downwind of the initial boundary layer trip and was 10.75 m
in length, Figure 2. The false floor consisted of three sections--an
approach ramp, a plywood testing base, and a trailing ramp behind the
hill.

The approach ramp was that section of false floor furthest upstream.
Masonite, .32 cm thick, was used to construct the ramp at an angle of
.84% with the horizontal. The horizontal length of approach ramp was
1.3 m. The plywood testing base was that section of false floor posi-
tioned adjacent and flush to the approach ramp. Plywood, 1.91 cm
thick, was used to maintain a horizontal surface in which designed
models could be placed. The testing base covered 8.55 m in length.
The trailing ramp was the final section of false floor located furthest
downstream. Positioning of the ramp was flush and sloping downward
from the testing base. The ramp was constructed of masonite, .32 cm

thick, forming an angle of 1.21° with the horizontal. This final section

of false floor was .90 m in length.
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For the tests where turbulence intensity data are reported the
models were mounted directly on the wind tunnel aluminum base plate 21
meters from the initial boundary layer trip. This change was made in
preparation for a series of measurements in stably stratified flow
where heat transfer requirements demand a clear floor. Approach velocity
profiles were unchanged however § = 70 cm versus &8 = 53 cm at 14 m
from the entrance.

A uniform approach roughness was obtained for the run where zo/h =
2 x 1d*3by gluing graded rock particles with average diameter k ~ 0.25 cm to
plywood support boards spaced approximately ~1.0 cm on center. Rough-
ness was also applied to the hill utilizing double-sided sticky tape.
The roughness extended 7.2 m upwind at the hillcrest and 2.4 m downwind
of the crest. The resulting power law coefficient was n = 0.21 as

designed by the method of Gartshore and deCroos (1976).

2.3 Instrumentation

The research program has been directed toward the evaluation of
the shear flow above the hill models. Detailed measurements of the
static pressure distribution and the mean velocity above the hills
have been completed for a number of flow conditions. Provision for
evaluation of the surface shear stress are also included on the models.
Limited measures of the turbulent distributions above the hills have

also been made.

2.3.1 Pressure Measurements

The hill models each contain a set of static pressure taps, as
indicated in Table 3. The static holes were sharp edged, .064 cm
diameter holes drilled perpendicular to the hill surface. Based on

the results of previous investigators these small diameter static
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pressure holes will measure the static pressure with a minimum of
error. The error in static pressure (divide by the local surface
shear stress) is a function of the '""Shear Reynolds Number' (zU*d/v);
where U*(ETw/p) is the shear velocity, d is the static hole diameter
and v is the kinematic viscosity of air. The Shear Reynolds Number
approaching the hill models is approximately 15 for a flow velocity of
15.2 m per second. For this Reynolds number the ratio of the static
pressure error divided by the surface shear stress is less than 0.05.
The error may be somewhat larger over the upstream portion of the hills
where the Shear Reynolds Number will increase.

The static pressure distribution in the boundary layers above
the hills were measured with conventional, forward facing (axis
aligns with the flow), cylindrical pressure probes, and also a disk
probe. The cylindrical probe was a commercial type employed for pitot
static design. The cylindrical probe is subject to errors due to the
"pitch" angle between the air flow and the axis of the cylinder. Near
the surface of the hills the air flow will vary rapidly, and thus,
produce systematic errors in the static pressure measurements of a
cylindrical probe. To reduce the flow direction error in static
pressure measurements a disk type probe was employed. The disk probe
employs the static pressure reading from a static tap drilled through
the center of a small diameter thin disk. The measured static pressure
at the disk center will be somewhat lower than the actual stream
pressure, but it was found to be insensitive to pitch angles of

+30 degrees.
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The cylindrical probe had a diameter of .18 cm, with an eliptical
nose. The static taps were located .67 cm from thenose and 1.59 cm
from the support stem. The cylindrical static probe was employed
mainly for measurements well above the hill surface, where the flow
direction was not influenced by the hill. The disk probe was used for
measurements near the hill surface. The disk has a diameter of .62 cm
which restricts the measurements near the surface.

All pressure measurements, both static and total, were made with
commercial, capacitance, pressure transducers. The pressure trans-
ducers were calibrated against a laboratory standard, water manometer.
For all measurements the calibration accuracy was maintained to three
significant figures (differential pressure). The accuracy of individual
measurements was limited due to large time dependent fluctuations of
the pressure. The output of the transducers were read with special
digital voltmeters with averaging circuits of 15 to 30 seconds. Even
with these long averaging times, it was not possible to maintain an
accuracy of three significant figures for many of the static pressure

readings--particularly near the crest of the hills.

2.3.2 Velocity and Flow Direction Measurements

Mean velocity measurements above the hills were made with commercial
pitot- and Kiehl-total pressure probes. A pitot probe .18 cm in
diameter with an eliptical nose was employed in regions where flow
direction angles were small. In the region near the hill surface,
where large flow angles were encountered, a small Kiehl probe,
.16 cm in diameter, was employed to measure the total pressure. The

Kiehl probe is insensitive to flow angles over a range of at least
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+40 degrees. For the range of velocities measured in the present
study both probes agreed with the total pressure measured by the
laboratory standard pitot probe. No corrections were made to the
probe reading in computing the mean velocity.

A preliminary set of mean velocity profiles were taken employing
.064 cm diameter flat nosed, total pressure tubes mounted on a fixed
rake. The tubes were adjusted to be approximately aligned with the
flow direction at all heights. For the more detailed studies a
movable carriage was employed for the surveys. The carriage spans
the tunnel and contains a vertical traverse. The pressure probes were
mounted on an arm 1.32 m ahead of the carriage. Both direct x-y
recordings of the output of the probes traversing through the boundary
layer, and direct time averaged readings of the pressures were obtained
during the course of the experiments.

A limited amount of information was obtained on the flow angle
over the hills with a 35 degree, cantilevered wedge probe. The wedge
probe contains a static tap on the face of each side of the wedge. When
the wedge is directly aligned with the flow the pressure at the two
static taps are equal. The wedge probe was set at different heights
above the hills and manually rotated to determine the null point
between the two static pressure readings.

Preston tubes .07 cm in diameter were mounted on the surface of
the hills to aid in the evaluation of the surface shear stress. Ade-

quate calibrations for the tubes have not at present been completed.



2.3.3 Turbulence Measurements

Hot wire anemometers were employed to measure the turbulent
velocities over the hills. Commercial, constant temperature, anemo-
meter circuits were used to operate platinum alloy hot wires. The
heat transfer from a hot wire is employed to measure both the mean and
turbulent velocity components in flows. The present measurements
employed hot wire sensing elements approximately .15 cm long and
.001 cm in diameter to evaluate the turbulence. Single wires placed
normal to the mean flow were used to measure the longitudinal component
of the turbulent velocity, wu. The turbulent velocity component, w,
normal to the mean flow and perpendicular to the surface was obtained
from hot wires yawed with respect to the mean flow.

The hot wire sensors were calibrated by placing them in the free
stream of the wind tunnel. The electrical power required to maintain
the wires at a fixed temperature (or resistance) was measured as a
function of flow velocity. The flow velocity was measured directly
with a pitot-static probe. The wind tunnel temperature was held
constant, so only the velocity varied. Slight deviation of the air
temperature produced some uncertainty in the hot wire calibrations.
Since the wire resistance is held electronically constant, the hot wire
power can be related to the voltage drop versus the flow velocity.

The turbulent velocities were determined from the following relations

(Wire Normal to Flow) u = %g e (1D

(Yawed Wire) (35)2 2, Z(dU) (ﬁ gi) aw (é dE)Z 2 _ 2 @
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where %%- is the local sensitivity of the hot wire output voltage
drop to velocity change, and dE/dy is the local sensitivity of the
hot wire output voltage drop to a change in flow direction. The
yawed wire is sensitive to two turbulent velocity components plus
the correlation between the components. The correlation, uw, is the
Reynolds stress term and of major interest in boundary layer theory.
In order to determine uw and w2 it was necessary to operate hot
wires with different sensitivities to the components. An X-probe
consisting of two wires was employed for the present study. One wire
was set approximately normal to the mean flow in the vertical direc-
tion, and the second wire was yawed at an angle of approximately 40
degrees to the flow. The wire normal to the flow measured directly

uz, while the product of the voltage output of the normal, e s and

the yawed, ey, wires give,

2

@ @ e D & )
n y n y

thus, the value u2 computed directly from the normal wire output
according to equation (1). The value uw was computed from the product
accofding to equation (3), and w2 was then determined from equation
(2). Only turbulence intensity values are tabulated herein.

Preliminary evaluations of the longitudinal component u2 were
made with a set of hot wires mounted normal to the flow and parallel
to the surface. A single X-probe was employed with the transversing

carriage in later tests. Evaluation of the X-probe data is still being

carried out.
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Hot wires were also mounted on the surface of the hills to measure
the fluctuations in the surface shear stress. Data from these wires

have not been analyzed at the present time.

2.4 Test Conditions

The flow fields above the hills were surveyed at two free stream
velocities, 9.1 meters per second and 15.2 meters per second. The
wind tunnel ceiling was adjusted to produce a near zero pressure
gradient along the wind tunnel test section without the hills installed.
The approach turbulence level in the free stream was of the order of
0.2 percent of the mean velocity. After the initial boundary layer
trip the approach flow develops over a smooth (aerodynamically) wood
surface. The equivalent flat plate Reynolds numbers for the boundary

layer approaching the hills for the smooth surface case are 4 x 107 and

7 x 107. The freestream velocity was monitored throughout the tests
with a pitot-static probe affixed to the ceiling upstream of the hill

locations.
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3.0 DATA REDUCTION

This report contains data of several measuring periods attained
in the Meteorological Wind Tunnel located in the Fluid Dynamics and
Diffusion Laboratory of Colorado State University, Fort Collins, Colorado,
during the second half of 1976 and 1977. The general measuring procedure
has been described extensively in the first annual report as well as
reviewed in the previous section. For each measuring period the
procedure was somewhat different. Therefore, a list with information
about the instrumentation and the procedures applied in the acquisition
of the data which is reported in the tables is given in the appendix.

During the last year a set of computer programs have been developed
in order to represent the data in a way that usage becomes relatively
easy. Contour lines can be generated of the pressures, velocities and
turbulence in the flow field over the two-dimensional hill models.

Also the stream line pattern can be visualized. In the process of the
generation of countour lines a number of steps are built in order to
get rid of inconsistencies in the data. A flow chart of the procedure
was given in the annual report.

Some of the features of the data reduction procedure are given
below: Incorporating such features into their own data reduction
programs may facilitate the utilization of this data by other
investigators.

- The measurements obtained from a verticle traverse are smoothed and
interpolated using cubic spline functions.
- A microfilm plot is generated of each verticle profile to see if the

data points look consistent with its neighboring points.
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- Subsequent verticle profiles are checked on its consistency. If
there is an indication of erroneous data then that particular data
can easily be ignored.
- Any region in the flow field where measurements have been made can
be specified separately while all data is taken into consideration.
Other features have been added for the generation of smoothed
velocity profiles. The magnitude of the velocity changes drastically
close to the surface and in the wake-main flow interface. Those
regions require special attention during the measurements (more
measurements) as well as during the reduction procedure.

Surface region: The part of the data in a vertical profile

which represents the elevation can be transformed to a logarithmic
scale. In this way the data to be smoothed is more or less equally
""'spaced,'" which results in satisfactory smoothing in the surface region.

Wake interface region: Smoothing of a verticle profile through

a wake using the procedure described in the first annual report

results in an oscillating interpolating function. A rotation of the

coordinates (velocity and elevation) prevent this undesired phenomena.
The consistency between successive velocity profiles may be improved

by incorporating the assumption that at a height of 10 times the hill

height above the hill the streamline stays horizontal. A justification

for the assumption is the fact that the variation in velocities

generated at that height agrees to a high degree with measurements

attained from a horizontal traverse at that elevation.
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Besides the visual presentation of the data described above,
values for each flow case and flow characteristic are generated in an
equally spaced grid and are stored on tape. Two different grid spacings
are used:

Ax
Az

.04 x L
.04 X h

. 4 Ax
.20 x h an Az

non
-
o)}
b
[

i on

While the grids have the dimensions horizontally 2 resp. .5 times
the hill length, and vertically 10 resp. 2 times the hill height.
Both grids are centered around the crest with its lowest grid points

coinciding with the upstream surface.
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4.0 TABULATED DATA

The evaluated static pressure, mean velocity, and longitudinal
turbulenceintensity data are listed herein in tabular form. The tables
include location information for each point in centimeters with respect
to the longitudinal crest of the hill but above base height. Hill
configuration, roughness, stratification, and reference approach
velocity are indicated on each table.

Table 1 performs as a locator table for specific information.
Table numbers specify the static pressure, mean velocity, or
turbulence intensity table pertinent to a specific set of model condi-
tions. In addition Reynolds number, Reh, roughness/boundary layer
thickness ratio, 20/6, and friction velocity Uo*/Uo(IOh) are specified.

In Table 2 static pressures are given in newton per centimeter
squared. Table 3 and Table 4 give mean velocities and turbulence

intensities in meter per second.
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TABLES



Table 1.0 Locator Table

The following table depicts the test conditions for data tabulated:

h ho UoUoM o &  ye/u (ony  NUMBERS FOR TABLE IDENTIFICATION
SHAPE SLOPE* L (cm) (m/sec) h h h o' "o PRESSURE  VELOCITY TURBULENCE
Triangular 1:2 1.0 5.08 9.14 30,000 l.leO.4 14.0 .032 l.1a 1.2a 1.3a
Triangular 1:2 1.0 5.08 15.24 50,000 9.0)(10-5 10.5 .032 1.1b 1.2b
Triangular 1:3 .67 5.08 9.14 30,000 1.5)(10_4 10.5 .032 l.1c 1.2¢
Triangular 1:3 .67 5.08 15.24 50,000 S).Oxl()—5 10.5 .032 1.1d 1.2d
Triangular 1:4 .50 5.08 9.14 30,000 1.5x10'4 14.0 .032 l.1le 1.2e 1.3b
Triangular 1:4 .50 5.08 15.24 50,000 9.03(10—5 10.5 .032 1.1f 1.2f
Triangular 1:6 .33 5.08 9.14 30,000 1.5)(10"4 14.0 .032 l.1g 1.2¢g 1.3c
Triangular 1:6 .33 5.08 15.24 50,000 9.03(10-5 10.5 .032 1.1h 1.2h
Triangular 1:20 .10 5.08 9.14 30,000 1.5x10~4 14.0 .032 1.1i 1.21 1.3d
Sinusoidal 1:3 .67 5.08 9.14 30,000 1.5)(10_4 10.5 .032 1.1j 1.2j
Sinusoidal 1:3 .67 5.08 15.24 50,000 9.0)(10-5 10.5 .032 1.1k 1.2k
Sinusoidal 1:4 .50 5.08 9.14 30,000 1.5}(10'4 10.5 .032 1.11 1.21
Sinusoidal 1:4 .50 5.08 15.24 50,000 9.0)(10-5 10.5 .032 1.1m 1.2m
Triangular 1:4 .50 5.08 9.14 30,000 2.03(10_3 14.0 .040 1.1n 1.2n 1.3e

*For sinusoidal hill slope equals hill height to half width ratio.

81



Table 1.1a Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 2, Surface Roughness Smooth, Freestream Velocity

19

9.14 m/sec, Neutral Thermal Stratification

HRVNEBRRBLBNORBIBOINGHTROEBe08 STATIC PRESSURES #000000000dnbatnaceaintonntne

Xz «30.,48

z P
0.00 040
«33 .043
o 46 .039
1.10 +039
2.11 «040
3.70 .037
S5.36 .038
Tel2 « 034
10.71 «035
14.30 .027
19.68 .022
26.06 «017
32.12 «011
42.87 .,005
54.33 -, 017

Xz «0.00

b4 P
5.08 -,090
5.37 -.067
5.50 -.065
6.23 -.056
Te61 ~.045
9.82 ~.038
12419 -,031
14.06 -.029
17.57 ~.028
21.22 -, 025
26.48 ~.026
31.93 -,022
40,89 -,018
46.14 -.019
54.02 -.017

X3 =15.24

Z P
0,00 080
«33 «079
46 »073
«70 «074
1.63 «077
3.43 069
S.21 «061
6.99 + 054
10.58 « 041
15.82 «033
21,31 013
28.44 «005
37.76 .002
45,45 -.006
54.23 -.005

X= 2.54

4 P
3,81 ~.100
4.10 -.100
4.21 ~.,100
4,45 -.105
4.64 ~.106
4,80 ~.,106
5,53 -.086
5,73 -.088
6.70 -.081
8.39 =.065
11.99 ~.049
17.33 -.,043
22,66 =,034
28.01 -.028
35.33 -.023
4a.12 ~.023
53,77 -.020

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABQVE UPSTREAM SURFACE-LEVEL [N CM

X= «10,16

z P
0.00 «100
31 «103
ohh «100
«68 » 096
l1.27 095
5.01 2067
6.92 «053
11.00 «033
15,71 «019
21.12 +00S
28.28 -,000
36,84 ~.004
464,87 ~-,001
54,11 ~+006

X= T.62

2 P
1.27 ~«105
1.59 =s106
l1.70 ~e106
1.85 ~+104
2.00 ~e101
2.13 -.107
3.86 ~e107
S.67 ~.111
6465 ~.103
10.13 ~.084
13.71 ~,073
19.13 ~s081
24,55 -, 043
31.58 ~+ 034
41,39 -.026
53,72 ~.022

X= «7.62

z P
1.27 .084
1.60 « 085
1.73 082
2e14 084
3.32 «073
5.05 «058
6.82 <025
10.39 «029
16411 o014
19.30 «005
24465 «000
31.83 -,003
42454 -.008
53.95 -, 004

Xz 15,24

z P
0,00 -.100
¢33 -,104
«50 =+106
72 -.107
1.07 ~.106
1.88 -.110
3.19 ~.110
4,95 “.113
6.79 ~el16
10.36 -+093
13.99 -+ 077
17.55 -.068
23.46 -,062
28,63 =044
37.16 -, 03¢
446.60 -.026
56,01 -.022

Xz =2,54

z P
3.81 «005
4.12 «010
4,25 «010
4,69 « 006
S.42 =+005
6.91 =009
8.72 ~«012
12.19 ~«014
15.77 ~.015
21.17 ~-.016
26.87 ~.018
31.87 ~+018
42,59 ~.014
S54.12 -.014

X= 30,48

? 4 P
0,00 -.082
«31 '0082
o646 -.083
«93 -.086
1.63 -.087
3.12 =+393
4.90 -.098
6,63 ~.096
10,20 =.0R3
13.&2 -+073
19,54 -2 064
24453 -+ 059
31.68 -, 050
38,77 -.037
46042 ~.027
$3.90 -+022
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Table 1.1b Triangular Hill Model, Height 5.08 cm, Halflength Height

Ratio 2, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

BRBVANCNBSRRBRBODRGRDORBRRtans STATIC PRESSURES ##2000000180000000880a8303008

X= =~50,80 Xz =30.48 Xz ~20,32 X3 «12.,70 Xz  =T7.,47

2z P z P z P 2 P r4 P
0.00 « 067 200 »103 0.00 o196 0.00 o235 1.35 « 205
«09 +051 «09 «058 «09 w162 «09 . 222 1.98 »207
.28 +049 24 <097 30 o143 27 «228 2+68 .182
obh «051 «66 +096 «56 «137 «57 226 2497 o176
o177 .051 oB1 +093 «81 «138 +80 «220 3.40 «165
1.07 052 1.03 «092 1.01 143 1.06 223 4483 «126
1.54 051 1.51 +096 1.54 «143 1,52 .217 767 «074
2.95 <049 3,02 . 096 2,91 o138 2.94 « 197 12.68 2010
Se76 <067 $.89 +091 5.76 0123 S5.81 ol4l 19.82 ~.020
10.87 + 045 10.82 +075 10,97 «032 10,80 «071 27.00 -.031
18.08 «038 18,00 + 045 18.14 »U33 17.95 021 37.67 -2037
25,20 «029 25.25 .019 25,24 +001 25.09 -,001 51.93 -.030

35.88 +015 35.81 ~.003 35.87 -,022 35.82 ~,017
50.21 «003 50,27 -, 015 50,17 ~-.,033 50,09 -,020

X= =5,23 X= =2.92 Xz =},78 X= -eT0 X= =0,00

¥ 4 P 4 P r4 P 4 P 4 P
2446 .118 3.62 ~-.006 4,19 -.074 4,73 -.227 5,08 -e 339
3.10 «119 4,25 -.024 4,83 -e113 5.15 -.253 S.17 =368
3.81 « 094 4,98 -.056 5.53 -e137 5.85 ~s240 5.37 -+337
4,05 .089 5.23 ~.057 S5.77 -, 141 6.12 ~-.231 5.69 -e294
4.54 .078 5.68 ~. 064 6.26 ~s186 6459 =214 5.93 o270
5.95 047 7.12 -.076 T.67 -s139 8,00 -, 180 6.14 -~ 299
B.81 «006 9.97 -.076 10.51 -s118 10.86 -,137 6496 -.238
13,83 -,033 14.96 =074 16.96 -2096 15.86 -,106 8.01 ~e 189
20.96 -,046 22.10 -,072 26.10 ~,085 23.00 -,082 10.86 -.148
28.13 -,046 29.25 -,060 31.23 -,072 30.17 -e069 15,94 =s115
3g8.82 -,046 39.98 -,048 40,54 -+ 065 40.89 -,051 23,12 -,096
50.86 -,061 49.92 ~.040 52.48 -s 054 53,65 -,040 30.31 -, 081
41.04% -.072
54,70 -+ 057

X= 1.12 X= 4,52 A= 6,81 Xz 12,70 Xz 30,48

2 P 2 P Z P 4 P 4 P
4,52 -, 377 2.82 =386 1.68 -o372 0.00 -.338 0,00 ~e217
4.93 -+351 3.23 ~.363 2.08 ~s 376 «09 -+335 «09 -e209
5.63 -,360 3.93 =362 2.78 ~-e377 26 ~e341 +28 ~e233
5.89 -.336 4,18 =+363 3,03 -.380 «59 -+335 «57 -, 240
6.38 ~.311 4,65 =-,363 3.51 -,380 «80 -.335 «79 ~.248
T.76 ~,254 6.03 . 343 4.94 -ed69 1.05 -s342 1.07 ~e253
10.63 ~-.186 8,93 ~.288 7.78 ~e32H 1.52 ~e346 1.54 -.258
15.64 -+135 13.94 ~.205 12.78 -e192 2.95 -+350 2.93 -.278
22.79 -.102 21.08 ~.145 19,94 ~o 104 5.78 ~.363 S.80 =294
29.96 -,083 28.20 -.121 27.10 -. 129 10.80 -.286 10.82 ~e247
40.63 -, 067 38,93 =-.084 37.82 -4 089 17.96 -,208 17.93 =204
53.55 ~.048 53,21 -, 059 $2.07 -2 052 25,08 ~.134 25409 -.164

35.80 -e103 35.82 -.125
50.07 -,V68 50,07 -«076

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTAMCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.1c Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 3, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

BOBBBBBRNGUBADRVEOIBRENERNBDRB8 STATIC PRESSURES He88nustsosndocsssscocionness

X= =764,20 Xz -45,72 X= «30,648 Xz «17,78 Xz =10,01
z P Z P 2 P b4 P 4 P
0.00 «01e 0.00 «026 0,00 « 035 0.00 »063 1.74 021
«09 002 «09 015 «09 «031 09 +059 2.02 ~.022
26 «005 27 .018 27 «031 026 s 064 2,76 =026
59 «006 «58 020 «50 «030 60 059 2.99 -.026
<80 004 .80 .018 80 030 .81 #U59 3.45 ~.030
1.06 +004 1.006 «C19 1.07 2027 1.05 . 052 4,88 =+ 034
1.52 005 1.92 018 1,53 .028 1+52 +083 Tel4 ~a 065
2.96 .002 2.94 o016 2.94 «030 295 « 048 12.73 “e060
5.79 004 S.81 + 015 5.82 032 5.80 « 034 19.88 ~s066
10.80 .000 10,80 .012 10.82 «Ul9 10.80 o014 27.02 ~a071}
17.94 .002 17.94 «006 17.98 +008 17.95 -s,004 37.74 - 067
25.08 -,002 25.09 «003 25,10 000 25.10 ~.010 52.03 -+ 066
35.80 ~.001 35.80 ~.001 35.80 =.006 35.80 ~.019
50.10 -.004 50.10 ~+006 50.10 ~.009 50.10 2007
X=  «6,50 Xz =4,14 Xz =3,02 Xz 1,75 X= - 64
z P Z P z P z P F 4 P
2.91 .008 3.70 ~.024 4,07 ~.082 4,50 ~.070 4,87 ~. 062
3.19 ~.011 3.98 =.051 4.35 -.070 4.78 -+ 091 S.15 ~e126
3.91 ~.015 4,69 -, 052 $5.07 =070 5.48 ~-4095 5.33 -e121
4.16 ~.023 4.94 =.053 5.31 -.073 5.75 -,091 565 -el17
4.61 -,018 5.40 =.055 5.79 ~.072 6,20 -,086 5485 ~e110
6404 -.024 6.84 -.053 7T.22 -.066 763 -,u78 6.10 -«103
8.90 -,028 9.70 ~.,048 10.07 -+ 057 10.50 ~+063 6.59 ~,098
13.90 -.,030 14.69 -.041 15,07 -e 04> 15,49 ~.051 8400 -.083
21.06 -.030 21.86 ~.036 22.22 ~.036 22.63 ~. 045 10.88 -.068
28.18 -.,028 28.98 ~.029 29.36 ~.031 29.78 ~,035 15,86 ~+052
38.90 -.025 39.70 ~-,029 490,07 =026 40,49 -.029 23404 ~+031
53.18 ~.021 53.99 -,021 54,35 -.022 S4.77 -.026 30,15 -.033
40.86 -.026
55.08 -.021
X= =0.,00 X= 2.39 X= Tel4 Xz 11.91 Xz 17.78
4 P Z P 4 P Z P 4 P
S.08 ~.128 4.28 -.125 270 ~.129 1.11 ~.131 0.00 -sl264
$.17 ~.132 4.67 ~e 124 3,08 ~.128 1.49 ~e133 «38 =125
5.35 -.127 4.86 ~.131 3.78 -.128 2.18 -,134 256 -.126
5.67 -.129 S5.18 -.135 4.06 -e333 2438 o134 »85 ~s128
5.86 -.123 95,36 -.136 4.51 =132 2493 ~e 134 1,07 ~e129
6.11 -.120 S5.62 -.130 5.96 =134 4,38 -e137 1.35 ~.128
6.58 -.107 6.09 -.118 8,75 =.111 T.22 ~e129 1.80 =s129
8.04 -.093 7.53 -.107 13.82 -,088 12.18 -s102 324 ~e136
10.88 -.073 10,35 -.088 20.97 -.,068 19.32 ~-,078 4,16 -e135
15.87 =.059 15.39 ~.066 28.09 -e051 26450 ~,062 11.13 ~e104
23.086 ~.047 22.52 -.051 38,78 ~s0461 37.18 - 046 18.22 =.076
30.18 ~-.039 29.64 ~.041 53.05 -.033 51450 ~e 037 25.38 =059
40.91 -,031 40.35 -, 032 36.11 =044
55.19 -.027 54.66 -,028 50.39 -+033
A= 76.20
4 P
0.00 -s006
+09 ~-,006
«27 -.012
«58 ~-.012
80 ~e016
1.04 -.017
1.51 -,022
2.99 -, 027
5.87 -, 029
10.79 -.024
17.95 ~,026
2%.16 ~-.028
35.R0 -.026
50.08 ~,023

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCF FROM CRFST IN CM
Z HEIGHT AROVE UPSTREAM SURFACE~LEVEL IN CM



22

Table 1.1d Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 3, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

BELBRBORRINERDRBOIENBRBENDB88 STATIC PRESSURES #00@s020008080200000000000008

Xz «76,20 X= =45,.72 X= =30.48 X= ~17.78 Xz «-10.01
z P z P b4 P 4 P 14 P
0.00 039 0.00 071 0.00 « 097 0.00 .182 1.74 12
«09 013 «09 «048 «09 «078 «09 «173 2.02 082
27 «011 «25 «050 29 «073 27 <168 2.22 .080
<58 013 59 047 62 <078 61 «163 2.51 071
«80 «013 .81 «048 .82 «079 «78 «166 2.75 065
1.05 .014 1.05 047 1.07 077 1.07 «165 2.99 067
1.52 <015 1.52 +048 1.56 +076 1.52 158 EPY 1 « 059
2,94 «014 2,94 « 042 2.97 «074 2.95 «146 4.86 «043
S.80 +013 5.82 «040 S5.45 «067 5.85 «102 T.72 «007
10.80 «008 10.80 «029 10.79 «050 10.85 052 12.82 -+ 025
17.95 . 002 17.9% <020 17.99 <021 17,96 <002 23,47 -,062
25410 «002 25,10 +006 25.07 001 25410 -.023 27.04 ~eU63
35.79 ~,001 35,82 =.003 35.82 -.017 35.79 -,034 37.69 -.061

50.09 -, 005 50.10 =015 50.07 ~ 027 50.09 -+ 034 51.89 ~. 054

X=  «6,50 X= =4,14 Xz =3.02 X2 «=1,75 X= - 64

4 P Z P z P z P z P
2491 <016 3.70 ~.074 4,07 -.126 4,50 ~.196 4,87 -»305
3.19 -, 026 3.98 -.125 4.35 -.179 4,78 ~s249 5.15 ~.331
3.92 -~ 044 4,78 ~.133 5.09 -.187 5.49 -e243 Se87 -+ 296
4.16 -.043 5.04 -.133 5.69 -.183 S5.74 =.233 6.12 -¢290
4.58 -,0648 9,41 ~,130 5,81 -, 182 6.20 -.230 6,58 -:272
6.00 ~.,058 6.88 -.136 T.22 -l 7.62 =.204% 8400 -e235
8.94 -o 075 9,69 -.131 10.07 -a151 10.48 -.168 10,85 -e192
13.91 -,080 14,71 -.121 15.07 ~.124 15.49 -.138 15.85 =153
2l.06 -,080 21.84% -.,102 22.26 =106 22.65 -.112 23.00 -.126

28.20 ~.080 29,01 -, 089 29,39 -.087 29.82 -.092 30.16 -.107
38.89 =-.071 39.69 -.072 40,07 -.071 40.53 ~,075 40.88 -.089
51.83 -,056 51.87 -.062 52,02 -.058 52,08 ~.062 52.68 ~+073

X=  ~0,00 X= 2039 X= Telé Xz 11.91 Xz 17,78

z P rd P 4 P z P 4 P
S5.08 ~.359 4.28 ~e360 2.70 =e355 1.11 -+363 0.00 =e345
S.17 -,371 4,67 =369 3.08 =.359 1449 =-,367 38 ~e342
S$.37 ~.371 4.84 -.367 3.25 =302 1.68 -.368 57 ~e342
5.67 =,370 5.17 -,373 3.57 ~.361 2.03 ~¢369 l1a17 =+355
5.89 ~,349 5.37 -o371 3.80 ~e3064 2423 =.371 1.38 «+365

6.13 ~e334 5.62 -+365 4,05 ~e363 2447 -e375 1.62 -e360
6.60 =-.305 6,10 o345 4,52 ~.368 2493 ~.375 1.84 ~e366
8.03 =270 7.52 ~.313 5.94 =372 4,36 ~.381 3.28 =-+375
10.88 ~.212 10,38 -+259 8.82 -.307 T.23 -,368 6.11 -+388
15.91 ~.167 15.35 -.198 13.81 ~sC43 12.20 -.287 1l.12 -.282
23.03 -.135 22.53 ~+153 20.94 -.181 19.33 -.211 18,22 ~e210
30.18 -.118 29.67 -.132 28.08 ~.142 26453 -. 167 25.37 ~e159
40.87 -,098 40.37 ~.103 38,78 ~s108 37.21 -.128 36.11 ~s112
52.73 -.,080 92.49 ~.092 52.52 -. 087 51446 =.090 50.46 =.079

X=  T76.20

z P
0.00 ‘.021
«09 ~.037
27 ~.040
059 “.0‘6
-80 “.052

1.13 -,056
1.51 ~,066
2.95 -,081
5.80 -,090
10.80 -.072
17.92 -~ 075
25.07 -,080
35.79 ~-,080
50.07 -.071

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCEF FROM CREST IN CM
Z HEIGHT AROVE UPSTHEAM SURFACE-LEVEL IN CM
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Table 1.le Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

BHRBRABINBRBBRRDRER A0SR R 0008 STATIC PRESSURES #8088006803000080000008008808048

Xz =Bl.28 X= ~40.64 Xz ~25.40 Xz =20.32 X= =15,2¢
z P z P z P F4 P 4 P
0.00 0,000 0.00 0,000 0.00 «050 0,00 + 055 1.27 «020
¢34 -.007 «35 «006 «39 0029 40 « 054 1.62 025
«60 ~.006 .62 .008 -1 «032 67 » 049 1.91 2021
1.11 -.,004 1.09 «007 «96 030 1.16 L0847 2.42 «019
1.87 -.007 1.89 008 1.12 «026 1.96 . 041 2.94 +019
2.59 -.004 3.10 <009 1,43 027 3.4 +034 3.95 015
3.94 -.004 1.28 «006 2437 .026 5.94 »020 $.25 008
6+23 -,0064 11.78 «003 3.78 2023 9.34 +009 T.60 -.001
10.36 =.004 16.32 ~.002 T.12 <017 14,47 -.004 10.37 -+009
14.54 -.009 21.78 =005 14,25 «001 2l.74 -.013 14,51 -,016
21469 -.,010 29.20 ~.009 21.78 -.013 28.97 -.017 21,72 -.021
28.78 -.,008 36.65 ~.011 28,84 -.013 36.44 -.016 28,75 -,021
35.99 -.008 44,18 -,008 36.35 ~,013 43.64 ~.012 36.16 ~.020
43.16 ~.006 53.29 -.006 45,13 -.013 52.87 =014 44,49 ~,016
53.1s -,009 53.05 -«011 53.10 =.014
= ~10.16 Xz =2.54 X= ~0.,00 X= 2.54 Xx= 10.16
Z P Z P 2 P z P z P
2+54 -.,010 4,45 -.115 5.08 -e380 4,44 ~.200 2.54 =,090
2.93 -.020 4,84 -.121 S5.46 ~+253 4.92 ~.,184 2.97 =059
3.20 -.018 5.37 -.118 5.67 -e237 $.23 ~.186 3.27 ~s056
3.71 -,022 6.12 -.112 5.95 =224 S5.77 -.176 3.66 ~.061
4.18 -.022 7T.12 ~e111 6440 -.187 6465 ~.158 3,96 ~s064
4.95 -.021 8445 -.102 7.19 -.160 T.97 -.139 5.18 =e 058
S.95 ~.025 10.5% -.083 8.01 ~e136 10,78 ~+100 T.09 ~.068
8.01 =-.,030 13.02 =067 9.27 -.115 14,52 -,072 10,72 =.067
11.16 -,030 16,81 ~.053 10,52 ~el103 21.65 =051 14,71 =.061
14.68 -,034 22.24 - 044 13.30 -.080 29.01 ~.038 2l.72 =.050
21.58 -,030 29.51 -,036 17.72 ~+059 37.65 ~.028 28,44 -e039
28.70 -.027 37.47 =.027 22.11 -.048 44,34 =~.027 36.54 -.032
36.28 -.024 45,51 -.021 29.95 -.037 52.95 =024 44,51 ~. 026
44455 ~.019 53.11 =024 37.50 -.027 53.05 ~.019
53.03 ~s014 45,50 =,020
53.24 -, 020
X= 17,78 X= 20.32 Xz 25,40 X= 81,28
z P 4 P I 4 P 4 P
064 =.040 0.00 ~+020 0,00 0,000 0.00 0,000
1.04 -.019 38 -.003 38 -.001 «60 ~.012
1.29 -.016 62 ~.004 68 ~.001 «92 ~e012
1.77 ~-.023 93 -.,004 1.39 ~.002 le64 -.014
2.07 -,023 1.23 -.010 1.87 =+004 3.61 -.013
2.52 -.024 1.78 ~.011 2.58 ~+010 6.83 ~.014
3.70 -.026 2.50 ~.013 4.43 -.018 10.92 -,016
5.96 -.035 3.96 ~,020 6491 ~.017 13.82 ~,015
9.09 -,036 7.01 -.027 164,24 =024 21.20 -.016
14.39 -,041 10.58 ~.030 2l.22 ~,028 28.69 ~,014
21.29 -.038 14,35 ~.036 28.66 ~.029 36.54 ~,013
28.56 -0037 21.24 "0038 36.74 -, 026 44,01 '0015
36.33 ~.,032 28.53 -.033 44.84 ~e026 52.52 ~.015
44.52 -.028 36.51 =.030 S2.61 =021
52.69 -.023 44,22 -.,024
52.78 -.022

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.1f Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

RENBBBRORBBRNBBRB0RN000 00 0nonn STATIC PRESSURES #9#0800800040 0800800008000 a0

X2-101,60 Xz -60.,96 X= -40,664 Xz =22,86 X= -lé6,83

2 P z P z p Zz P r'4 P
0.00 «032 0.00 » 066 0.00 <078 0.00 «166 1.37 «040
«09 001 « 09 «020 «09 « 052 «09 +139 1459 «015
27 «007 26 025 26 2050 27 o141 2.30 «001
«60 «006 59 <027 «58 « 053 «59 e143 2.56 002
«80 .008 .81 «029 «80 « 046 81 «139 J.02 ~s004
1.05 +009 1.05 «027 1.05 « 049 1.05 ol4l 4obé -.018
1.52 <007 1.54 «025 1.52 0046 1.52 «131 T30 ~e 044
2.94 «007 2.95 «023 2.95 0049 2495 «109 12,30 =070
S5.81 «004 S5.81 0026 5.80 o044 5.82 2062 19.44 ~.074
10.82 <004 10.80 021 10,79 »036 10,82 002 26.58 ~.,065
17.96 «004 17.95 018 17.96 «018 17.94 =-.,019 37.30 -.052
25.11 «004 25,08 <014 25.10 «005 25.10 ~.,026 S1.59 -.032

35.80 «003 35.80 «009 35.80 «001 35,80 -.027
50.07 » 005 50,07 «001 50,08 -+ 005 50,09 -, 027

X= <9.88 X= =4,95 Xz =2.54 Xz =1,27 X= =0.00

4 P 4 P 4 P 4 P z P
2.61 -.117 3.84 =,321 444 487 4,76 ~.649 5.08 ~e629
2.83 ~-.151 4,06 =+350 4.66 =e513 4,98 ~.671 Sel7 <l.247
3.55 -.157 4,78 =.346 5.38 -e511 5.69 =634 535 =-1.088
3.79 -.156 5,01 =342 5.63 ~e505 5.94 -,611 5.68 =899
4.25 -.160 5.49 =.336 6.09 -e 490 6.40 =+566 5.88 -.827
S5.68 -.162 6,91 ~.317 7.51 ~.428 T.84 ~e453 6.13 =737
8.53 -.166 9.76 =.314 10.38 ~e319 10.69 -.325 6459 -+634
13.53 ~.146 14,78 -.178 15,38 ~.228 15.69 ~.204 8.03 -.472
20.68 ~.114 21.91 ~.125 22,51 =elb4 22.83 -.,128 10.88 ~.316
27.83 -.,096 29.06 -.098 29.66 =117 29,98 -.128 15.88 -.184
38.55 -,073 39.76 -.082 40,38 =.080 40.70 -.067 23,03 -.108
52.83 -,052 54,06 =.053 54.67 =055 54,99 =.046 30.17 ~.087
40,88 -.,054
55.18 ~+050

X= 2.54 X= T.37 Xz 14,73 X= 22.86 X= 81,28

4 P z P Z P z P Y4 P
bobs -+512 3.24 ~.230 1.40 -.029 0.00 «001 0.00 030
4.74 -e549 3.53 ~,282 1.69 =032 «09 «002 «09 -,007
4.91 =+555 4,02 =277 2.20 =036 27 ~.004 26 ~+006
5.23 =.550 4.25 =279 2.41 ~e039 «60 ~.013 259 ~.005
5.45 ~e542 4.49 ~.281 2,65 ~.041 «81 -.,015 81 -+005
S.69 -.538 4,96 -,285 3.11 =049 1,05 ~.,018 1.05 -+005
6.16 ~+515 6.38 =290 4.55 ~e 067 1.52 -,027 1.52 -.003
7.60 =435 9.24 =267 Tebl =+ 090 2.95 ~s 044 2,95 -.010
10.46 ~e317 14,25 =e211 12.41 =111 5.80 ~.077 5.80 =.011
15.45 ~.205 21.39 =.154 19,55 ~s105 10.80 ~.116 10.80 -+009
22.59 ~.128 28,54 -.119 26.68 =+090 17.95 -.129 17.94 -.010
29.74 -.086 39.25 =,073 37.40 =.045 25,09 -.138 25.09 ~,011
40,44 -.068 53,54 -.052 51.68 =054 35.80 =096 35.80 ~.014
54.74 =.045 50.10 ~.078 50.08 ~.014

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFAGCE-LEVEL IN CM
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Table 1.1g Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 6, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

saBRcesnnanporessncannsntaveng STATIC PRESSURES #4800as0800008s080000e8a00000

X= =50,80 Xz =35,56 Xz ~20,32 = «12.,70 X= ~T.62

4 P z P 4 P Z P Z P
0,00 010 0.00 020 1.69 ~.012 2496 -+ 037 3.81 ~-,085
31 011 o35 <027 2401 ~.001 3.29 ~.021 4,12 ~.058
43 011 «46 <028 215 ~e001 342 ~.022 4o24 ~e058
78 «006 73 £ 023 2.52 000 3.70 ~.024 4466 ~. 057
1.37 «007 1.66 «023 3.29 -s002 4e63 -.024 .29 -,058
2.06 010 3.52 + 020 4.69 -.000 $.93 -.,030 T.27 -.057

3.49 «006 5.90 018 6.76 -.003 T.49 -, 028 10.83 -, 050
5433 004 8.29 «017 10.74 ~.006 9.46 -.032 15.32 =.043

7.06 +006 10.89 011 14,32 =.012 13.13 =+035 19.74 -.034
10,63 «004 14,39 2008 17.99 ~.012 16.18 -.031 25.16 -, 029
14,23 001 17,93 «003 23.27 ~.0l6 21+56 ~e 027 32.32 ~.021

19.62 +001 23.29 -.001 28.79 ~.013 28,76 -.018 39.42 -.022
24.93 -.,000 28.67 «000 35.75 ~.007 38.76 ~.015 46,66 ~e017
32.07 ~.001 35.86 -.001 42.93 ~.006 45443 ~.012 54.50 -e017
40.50 ~.001 43.12 «003 54,33 -.005 54443 =-.011

47.18 ~.001 54,34 »005

S54.36 ~-.00S

X= «0,00 X= T.62 = 12.70 X= 30,48

4 P 4 P r4 P z P
5.08 ~+325 3.81 -,850 2.96 ~.060 0,00 020
5439 ~.194 4,12 =.095 3.28 -.043 «36 030
S5.51 ~,186 4,23 ~.072 3.41 =~.043 48 «033
5.83 ~s171 4,64 =.071 3.73 ~.041 81 +028
6.21 ~e167 5.55 ~.074 4.31 -+ 042 1.81 027

6.86 -.143 T.13 -.068 5.31 -, 042 6.93 .008
B.T1 -.103 8,87 ~.066 8.52 ~.043 10,48 «001
10.85 ~,084 11.32 -,057 10.67 ~.043 15.75 -, 006
la,.44 -~ 062 15.89 ~.048 14,38 ~,038 2l.13 -,008
19.89 -, 042 21.63 ~.032 19,58 ~,036 28.30 -, 049
25.29 -,033 28,55 ~.028 25,08 -~ 030 35.46 ~«013
33.31 -,022 35.70 ~.018 32.17 -. 023 54443 ~s013
40,31 ~.015 44,87 ~.016 39.44 ~e023 53.98 ~.01%
47.19 ~.016 54.24 =.,011 46.38 ~.018
54.50 ~.014 54,36 ~,015%

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE~LEVEL IN CM
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Table 1.1h Triangular Hill Modecl, Height 5.08 cm, Halflength Height
Ratio 6, Surface Roughness Smooth, Freestream Velocity

15.24 m/sec, Neutral Thermal Stratification

SoNBENERDDBORIORAREIORRDRRRANY SGTATIC PRESSURES #0#0tes0soseesanossssstssnnne

X==152,40 X= =76.,20 Xz =4%,72 X= «30.48 X= ~22.86
4 P 4 P 2 I 4 g Z P
6.00 0,000 0.00 0,000 0,00 2073 0.00 «127 1.27 -.023
15 0,000 15 -.014 15 «0%9 15 o141 1.78 ~.023
1.18 -.007 +84 “.014 «50 o051 «50 +120 2e81 ~.023
2.21 -.010 1.52 -,014 2.21 37 lel18 +106 4.%2 -.031
3.92 =.,013 4.95 -.014 3.92 04t 2490 +084 6.58 -.036
5.64 -.014 8,38 =014 7.35 I 4,61 S063 10,01 “e044d
9.07 -,021 11,81 =.014 10,78 « 040 8,04 027 13.44 -, 058
12.50 -.021 15.24 -.01% 14,21 N ETY 11,467 «013 16,87 ~e 065
15.93 -.021 18.67 ~. 014 17.64 «0.30 16.61 -, 009 23.73 ~e 065
19.36 -.021 25.53 -.014 21,07 +023 20.04 ~s023 30.58 - 061
22.79 -.021 32,39 ~.014 24,50 017 2519 ~-.030 36,01 ~,061
29.64 -.021 39.25 “.014 27.93 2016 32,09 ~.037 40,87 ~s065
36,50 ~-.021 46,11 =, 014 31,36 JU13 35.90 -+ 037 47473 -.051
43,36 ~.021 52.96 -, 014 34,79 +009 45.76 ~.,037 54.59 - 051
46.79 -.021 58.11 ~.014 45,08 0,000 59,73 ~o 044
55,37 0,000
Xz ~17.78 = =12.,70 X= =7.62 Xz ~5,08 Xz =2,54
z [ r4 P 2 P 4 P z [
2.12 «.037 2.96 =. 125 3.81 =241 4,23 =+305 4.66 -, 431
2.62 ~o052 3.47 -.140 4,32 =.256 4e74 -+313 S.16 ~.431
4,34 ~,073 4,50 ~. 147 6.03 =248 Ses3 ~.316 7.91 ~o376
6.05 -, 080 6.90 ~. 154 T.75 ~.241 6e11 ~e316 14,17 -+231
T.77 ~.087 10,33 ~., 154 11.18 -e220 11.26 -.277 21.63 ~el67
9.48 -, 087 13.76 4147 18.04 ~. 180 14,69 ~.209 28,48 ~e131
11.20 ~-. 087 20.62 -.125 24,89 -l 30 21.5% ~+163 31.91 -oll7
16434 ~.094% 27,48 ~s 111 31.75 -+099 28,490 -~.127 35,34 ~.102
19.77 ~.092 30,91 -,093 38,61 =-.081 35,26 ~-.098 38,177 -, 088
23.20 -,087 37.76 ~,083 45,47 -+ 069 38,69 ~.088 45,63 - 074
26463 ~.087 41.19 -, 074 52.33 ~.056 45,59 ~.074 49,06 -, 067
33.49 -.069 48.05 -, 065 $8.50 ~205% 52407 =064 52.49 -, 064
36.92 ~e056 54,91 -.058
43.78 -.063
52.35 -+052
57.49 ~-.052
Xz =]1.27 X=  «0.00 X= 2.54 X 5,08 Xz 10.16
4 [ 4 Z P 4 P 4 P Z [ 4
4.87 ~567 5,08 =~1,000 4,66 ~shlb 4.23 =324 3.39 -,207
5.38 ~s567 5.23 =-1,000 4,91 ~eh38 beTh -.338 4.15 -s214
T.09 ~.439 5.58 T4 B.34 =e345 5.77 ~s324 Tel24 “o2146
10.52 =317 6.26 ~+549 15,20 =217 8.17 -+303 10.66 ~e207
15.66 -,232 1.29 -.430 18,63 ~.188 15,03 ~e217 14,09 ~e185
22.52 -.161 9.00 e 34b 22.06 =189 18446 ~.,188 20.95 -+ 150
29.38 ~e125 12.43 -.278 25449 -el4l 25.32 =146 24,38 -s128
36.24% -.096 19,29 ~.188 28,92 ~el24 28,75 -.129 27.81 ~al14
39.67 -,082 22.72 -, 165 32.35 -.111 39,03 -.090 34,67 -.100
46,53 -.075 29,58 ~.143 35,77 “. 096 45,89 ~.074 41,53 ~s078
53.39 “. 068 36,46 -,126 40,92 ~.081 S52.07 -~ 067 50.10 -+ 057
39,87 -,106 54,64 ~.063 59.25 - 057
46,73 -e099
53.59 ~«07S
X= 15,24 X= 20.32 X= 30,48 Xz 45,72 X= 76.20
4 P F 4 P F4 P F 4 P Z P
2.54 -.115 1,69 ~.071 0,00 ell4 0,00 0,000 0,00 0,000
3.30 -.115 2.46 «.056 o5 + 086 15 ~.010 .15 -.009
3.99 -.136 3.1 - 064 1.18 V64 1.52 ~.010 2455 -+ 009
4,67 ~.150 3.48 “s 071 3.58 029 2455 =011 4.61 -.011
639 ~.157 5.88 -.071 7.01 0.vo00 54130 ~. V14 8,04 -,020
9.82 - 157 9.31 -, 08% 10,40 ~.016 T.01 ~.014 11.47 ~.023
13.25 -a 157 12e76 -.08% 13.87 -.021 10.44 -, 016 14,90 -~ 024
16.68 ~o150 16,17 -.085 19,01} 046 13.87 ~.019 20,04 «~s026
20.11 ~s143 19,60 ~-. 181 25.87 =043 19.01 ~.021 25,19 -. 026
23.54 -, 136 2b.46 ~.078 31.02 - 050 26416 ~ U024 32.09 -.026
26.:96 -.129 31.60 -, 071 34,45 =090 31402 ~024 38.90 -~ 029
33.82 ~.108 40,18 - V64 41,30 -~ U550 36.16 =024 45,76 -, 029
40.6R8 ~.093 51.50 ~.049 47,82 ~.05%0 41430 ~,026 49,19 - 029
44,11 ~. U886 Hle96 - 029
S4.40 ~su079

P STATIC PRESSURES IN NT/CMe
X DOWNSTNEZM DISTANCE FROM CREST IN CM

7 M I ANOYE

DPSTREAM SUSTACE~LE VEL

M CM
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Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 20, Surface Roughness Smooth, Freestream Velocity

Table 1.1i

9.14 m/sec, Neutral Thermal Stratification

WRDNOOBRNVRUBNEDONINODONBORNN08 STATIC PRESSURES 084004088080 8R0000008080808008

=-203,.20 X=2~152.40 X==127.,00 X==101,60 X= ~764.20
F4 P 2 P 4 P z P 4 P
0.00 -.003 0.00 ~¢002 0,00 «002 0.00 «016 1.27 ~e009
25 -.003 «25 ~.002 25 «002 25 016 1.52 =.009
1.40 -,005 1.40 ~.002 1.63 002 1.63 «015 3,17 ~.010
4,18 -.,005 4.68 ~.002 4ol <000 4,41 011 Se.3¢2 ~.009
8.25 -.005 8.75 -.002 9.77 -.000 Tetl «007 9.89 ~e009
15.18 -.006 16.33 ~.004 16.63 ~.001 11.55 003 l4.82 -.010
2247 -.005 23.90 ~.003 24,05 ~.001 16.84 “e000 20,60 ~e010
29.83 -.005 30.75 -.002 31.20 =.001 24405 -.003 26,96 -.011
36.68 ~.004 37.90 -.002 38,48 ~+004 30.91 -.003 3%.75 -.011
44,04 ~.004 44,83 ~.002 45,20 =.003 38,55 ~.004 43.39 ~.010
S51.54 ~.002 52.47 -.003 52,70 ~.003 45,55 =.005 52,53 =.010
43.97 -.004 52477 =+006
46.97 -,003
52.54 ".002
X= -50,80 X= =25.40 Xz =0,00 Xz 25,40 X= 50,80
z P z P Z P 2 P 4 P
2.54 -.019 3.81 ~,035 5,08 =.116 3.81 ~.041 2.54 ~.025
2.79 -.019 4.06 ~,035 5.33 ~.116 4,06 -,041 2e79 ~.025
4.37 -.,021 5.28 -,037 6,27 -.092 S.21 -.042 4,01 -0 025
T7.30 -.022 7.93 ~.0238 8,56 ~.074 Teb4 ~.042 687 ~s026
12.51 -,022 12,71 ~.037 13,06 ~,061 12.56 -.041 11,16 -.026
20.58 -.022 19,93 ~+035 20.70 =.050 20,28 ~.039 18.87 ~e025
28.58 -,021 27,78 ~.033 28,63 -.063 27.28 -.036 26,94 - 025
36.23 =.021 35.78 -.032 36,70 -e037 34,99 -.034 35,30 =024
44,08 =.019 44,21 =.027 44,49 ~.033 43,42 -.030 44,08 ~.023
52430 -.018 52.21 ~.024 S2.42 -.030 52.21 -.027 52.01 =¢020
X= 76420 X= 101.60 X= 127,00
4 P 4 [ Z P
1.27 -,013 0.00 010 0,00 «002
1.52 -,013 25 «010 25 +002
2495 ~.014 l.24 008 2,34 -+001
6.30 ~.014 3,67 «007 6.77 =.001
10.66 ~.016 T.T4 002 14,48 -,002
17.66 =.015 15,24 ~s004 22.27 -+004
25480 ~.016 22.46 ~.006 30.12 -.004
Js.l6 -.016 30.17 =007 38.34 ~.005
43.09 -,015 37.24 ~.008 45,27 =.005
51.9% -.014 44,82 -.009 S2.48 =:004
52.39 -.009

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z MHEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.1j Sinusoidal Hill Model, Height 5.08 cm, Halflength Height
Ratio 3, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

FAPBABDBRIRBARBSRBRNAnROonnss STATIC PRESSURES S833000000008000080808000080800

Xz «60.96 Xz ~45,72 Xz =30,48 Xz ~17.78 Xs -12.,83

4 P 4 P Z P z P z P
0.00 «016 0.00 «029 0.00 o061 0.00 081 1.25 2 057

09 005 »09 .020 «09 «029 «09 +069 1.81 051

«28 . 005 27 L021 «25 «030 27 074 1.99 «048

+59 « 0086 «58 .020 «59 <030 «58 w077 2.30 «040

«81 006 «78 «020 81 034 «80 o075 2455 «037
1.12 « 005 1.05 «019 1.05 <032 l1e07 074 2.78 +029
1.52 «006 1.51 «021 1.52 =035 1.51 070 3.26 025
2493 «00S 2.97 ,018 2.96 «033 2494 «063 4,67 012
5.81 004 S.81 «021 5.80 031 5.81 «039 7455 ~.007
10.81 +004 10.80 «014 10.79 <024 10.80 <009 12.54 ~+028

17,95 +003 17.95 016 17.9% +013 17.9% -.003 19.66 -.015
25.09 003 25.10 +016 25,07 +009 25.10 -.006 26485 =2014
35.81 .001 35.80 «014 35,80 ~«001 35.80 -.003 37.55 ~e007
50.09 002 50.08 «014 50.12 +004 50.17 -~ 000 51,80 ~e002

Xz =7,85 X=  =5,46 X= =3.,02 Xn 1,22 X= =0,00
4 P 4 P Z P 4 P z P

- - - - - - g - -

3.51 -.119 4,30 -.193 4.84 ~e252 S5.04 -.270 5.08 -e252
3.98 -.112 4.66 ~.182 5.03 ~e233 5.15 ~e251 517 -e260
4.13 -.112 4.84 -,181 5.20 ~e235 5.33 ~e250 Se.34 “e254
4.48 ~e117 S.17 -.175 S5.52 ~+235 5.65 ~+253 5.68 ~+240
4.69 -e115 5.39 -.171 S.74 -.224 5.87 246 5.89 ~2236
4.93 -.116 S.62 -.169 6.00 -.216 6413 ~e237 6,15 ~.227
Seél ~.112 6.09 ~.160 6.46 ~.201 6.57 ~e222 6.61 ~s210
6.83 -,106 7.51 -+139 7.88 ~e162 8.01 ~e182 B.04 ~s169
9.68 -+ 096 10.38 -.109 10,06 ~e126 10.85 =135 10,89 ~s118
14,71 - 077 15,37 -.076 15.74 “s 067 15.87 -,078 15,89 - 06%
21.84 ~.060 22.52 ~.047 2287 =.040 23.01 -, 049 23.02 =+036
28.96 -, 047 29.69 =.034 30,04 ~e027 30.15 -.033 30.15 -+ 024
39.68 -, 037 40,37 -.024 40,73 -.018 40.85 ~.026 40.86 ~.013
53.96 -.031 54,66 =017 55,08 ~«009 55.18 =.019 55.17 ~.007

X= 4,86 X= 12.19 X= 17.78 Xz 60.96

z P 4 P Z P Z 1 4

4.45 ~.191 1.57 -.023 0.00 -.003 0.00 «004
4.68 -.235 1.93 -.013 «09 «007 + 09 ~.003
4.86 ~,235 2.10 ~.014 27 « 0006 27 ~+003
5.17 ~.233 2043 -.015 «58 «001 «58 -.002
540 -.227 2,65 ~.015 «80 <001 «80 -.002
5.66 -.222 2,89 «007 1.05 -.007 1.13 =004

612 =.216 3.3% =, 042 1.52 ~.008 1.51 ~.004
T+53 -.121 4.79 =+045 2495 ~.008 2495 s 004
10.38 -.088 T.64 -.048 S.79 ~.011 5.81 ~+005
15.41 -.053 12.65 =.048 10,81 ~e014 10.82 ~.005
22.54 -.031 19.79 -s044 17.98 -.01i8 17,95 -+ 005
29.70 =017 264,95 ~.042 25.14 -.022 25.08 “4005
40.38 =-.007 37.65 -.038 35,31 ~+020 35.82 ~.006
S4.64 001 51.95 ~.036 50.11 ~.016 50,08 =, 005

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z MHEIGHT AROVE UPSTREAM SURFACE~LEVEL IN CM
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Table 1.1k Sinusoidal Hill Model, Height 5.08 cm, Halflength Height
Ratio 3, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

GORRARRNBONDELRERDOORBNRESRBend STATIC PRESSURES #400402380080tD0sncasianscsonss

X= «60,96 X= =45,72 = ~30.48 Xz ~17,78 Xz «12.8)
Z P Z P 4 P z 4 z P
0.00 -.016 0.00 -.,008 0.00 023 0.00 124 1.25 061
«09 ~. 084 «09 .029 09 « 099 «09 2175 1.81 101
27 -, 041 25 .039 «26 «062 27 «176 2452 «070
60 -.039 «58 «036 «59 «067 «58 « 175 2.78 . 058
80 ~.037 «80 «037 80 +066 +80 <170 3.24 046
1.05 «032 1.05 «037 1.06 + 064 l1.06 175 4,67 «003
1.51 027 1.51 .035 1.52 « 0664 1.51 +173 Te52 ~e049
2.95 . 024 2,95 «039 2,95 .061 2495 + 146 12,52 ~.078
5.80 «026 5.81 035 S.80 «058 5.80 0d2 19.67 ~«076
10.80 022 10.81 «035 10.80 +038 10.80 «007 26,81 -.072
17.95 «021 17.94 . 02% 17.95 «013 17.94 ~.038 37.52 =e04Y
25.10 014 25,08 2019 25.09 ~sUDG 25.08 =.045 S1.81 ~.025
35.80 +004 35.82 « 000 35,80 =.016 35.80 -.033
50.08 «004 50.08 «000 50.09 ~e014 50.09 =024
X=  «7,85 Xz «5.46 Xz =3,02 X= «1.22 Xz =0.00
z P Z P r 4 P z P z P
3.51 -¢352 4,30 =507 4,84 =687 S.04 -.725 5,08 -e722
3.98 ~.290 4,66 ~e506 5.03 ~s714 5415 -.723 Sel? -o 767
4.70 ~.286 5.38 ~,480 5.75 ~.607 S5.85 =675 5.35 =-.721
4.94 ~-.283 5.61 ~.463 6.14 =571 6.12 ~e646 S.68 ~.686
S.40 - 276 6.09 -,438 6,46 =504 6.57 ~.604 5.89 -+ 668
6.83 ~.253 7.51 =.381 7.89 =496 8.02 ~e500 6,21 ~e633
9.69 ~.218 10.39 =.292 10,73 -+333 10.89 -+352 6,60 ~s602
14.69 “.166 15.36 -.211 15.73 ~e214 15.85 ~.246 8.20 -~ 647
21.83 “.128 22,51 =.145 22.88 ~s146 23.03 ~.109 10.87 =-e352
28.97 -,095 29.66 =.110 30.03 -.108 30.15 “el14 15.87 =229
39.68 «,071 40.38 =074 38.19 -.078 40,89 -074 23.02 ~s153
54.01 ~,048 54,67 ~+056 52.50 =:060 52,30 ~.060 30,18 -e119
41.06 -+083
S2.13 ~.063
X= 4,86 X= 12.19 X= 17.78 X= 60,96
z P Z P z P Y4 P
445 -o449 1.57 =.100 0.00 ~.046 0.00 .022
4.68 «+505 1,93 ~.107 « 09 ~.030 «09 « 005
4.85 -e479 2.10 =.107 27 ~. 034 27 <010
5.18 “. 466 2.43 -.110 59 ~.045 60 011
S.41 ~e4S7 2.65 “.11l4 80 ~.049 «80 «008
5.65 -.448 2.89 ~s119 1.07 =.051 1.07 005
6.11 ~e621 3.35 -.130 1.52 ~.057 1451 «008
754 =377 4,79 =-,151 2,95 ~.060 2.95 +003
10.38 -.300 7.63 =177 5.81 ~.062 Se79 -,002
15.39 -,221 12,63 “s 174 10.82 -.081 10.79 +007
22.54 =s151 19,78 -+151 17.95 -.100 17.95 001
29.70 -s111 26,94 -,123 25,09 ~.086 25.10 ~.004
40.40 -« 077 37.67 -.088 35.80 ~e06> 35.82 =.004
52433 -+ 057 51495 ~.068 50.09 -edb1 50.11 =s007

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTKEAM SURFACE~LEVEL IN CM
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Sinusoidal Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

Table 1.11

BRDBRABRGBEDDRNCIRRRDROSB RN STATIC PRESSURES ##023800880320000000000008028

==101,60 = =60.96 X= «~40,64 X= -22,86 Xz ~14,.83
F4 P 4 P 4 P 4 P ¥4 P
0.00 «000 0.00 «016 0,00 « 021 0.00 .058 2,09 ~e 002
+«09 -,003 20y « 004 « 09 «016 «09 +053 2.56 ~«033
«25 -,003 27 « 004 217 «017 w27 + 054 3.28 =+ 037
58 -.001 +60 +003 «60 « 015 «58 +052 3.53 ~+036
«81 -.003 «80 <002 «80 « 015 .81 «053 3.99 ~e 039
1.04 ~,003 1.05 -.000 1.05 «015 1,05 +051 Sesl -s 039
1.52 ~.,002 1.52 -,001 1.51 «016 1.52 «051 B.24 -.040
2+94 ~.002 2.94 «003 2,95 «U14 2+94 2039 13.27 ~e 048
5.80 ~e002 5.82 +003 5.80 U146 580 +026 20443 ~.038
10.80 -.004 10.80 003 10.81 «010 10,81 .001 27+55 ~4031
17.92 - 002 17.95 «001 17.9% «002 17.9¢ -.013 38,28 -.024
2%.12 ~4+005 25,10 -,002 25.09 -.,00¢ 25410 -, 017 49,81 ~s016
35.80 -, 005 35.82 -. 004 35.80 -s007 35.80 =019
50.07 ~.005 49.88 ~.008 50.10 ~+009 50.11 -.016
X= «9,88 X= =4,95 X= =2+54 Xz «0.,00 X= 2+54
Y4 1 P4 P ¥4 P Z P 4 P
3.67 -.130 4,71 -.155 4,98 ~e167 5.08 -.196 4,98 =207
4.08 -. 124 4,97 -+ 156 Se11 -+188 S.17 =-.216 S.12 ~-s212
4479 -.121 S.47 ~.156 5060 ~.184 5035 ~,206 5.30 ~e205
5.05% ~.119 5.69 ~+154 585 -.181 5,67 -,232 563 ~e195
5.50 -s112 5.92 -.153 6,07 -el76 5.89 ~+196 5,.85 ~-s189
6.94 -.101 6.39 -.150 6.54 -s165 613 ~4187 65.03 -+186
9,78 -,085 7.82 ~+134 7.96 ~e151 6.59 ~e179 6+55 -.178
14.79 -, 067 10.68 ~.114 10,81 -a 126 8.03 =157 7.98 ~.149
21.93 -4 049 15.68 598 15,81 -,086 10.88 -,118 10,84 ~o117
29.08 -.,039 22,83 -+ 056 22497 =063 15.88 -.079 15,84 -.084
39.79 -, 029 29,97 ~s042 30.12 -.066 23.03 ~.049 22497 -e051
50.11 -.021 40,69 ~.029 40.82 -+030 30.17 ~.036 30.14 ~e 039
50.17 ~e024 52,49 -.026 40.88 -.024 40,82 -.027
49,61 -s017 52034 -s021
X= T.37 X= 14.73 X= 22.86 X= 81,28
Z P 4 P z P 4 P
4,28 -, 153 2.13 -.012 0.00 «030 0.00 «003
4449 ~,148 2.44 =021 «09 «031 «09 -.004
4.67 -.143 2.62 =.024 .28 «031 27 ~.005
5.02 -a146 2.96 -.025 «59 « 025 «58 ~,002
$5.22 - 146 3.16 ~.030 .81 +025 «80 ~.006
S5.48 ~s146 3.40 -.032 1.06 «023 1.02 -.005
5.92 -o140 3.87 -.033 1.53 +018 1.52 -.004
7.35 -, 124 5.31 -.037 2496 «01S 2094 -.00S
10.23 -«103 8.16 ~.042 5.80 -.001 5.81 ~.003
15.20 -, 077 13,17 ~. 045 10,80 =.019 10.82 ~.006
22.35 -+ 055 20.30 -.039 17.96 -~ 027 17.95 ~.007
29,51 ~a042 27 .46 -.033 25.09 ~.027 25.11 ~.010
40,19 -, 032 38.17 ~.024 35.80 ~.029 35.80 ~,006
S52.42 -,030 52,37 -.018 50,09 ~e023 50.09 -,007

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHI ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.1m Sinusoidal Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

PERFRBRERBORDHUORDB000BDB000¢ STATIC PRESSURES ##8080000000000080880008000000

X=~101.60 X= =60.96 X= «40,64 X= -22.86 X= =14,83
4 P 4 P 4 P Z P 4 P
0.00 . 020 0.00 « 049 0.00 «064 0.00 «175 2,09 ~.008
«09 -.,007 «09 .010 «09 041 09 .161 256 -.087
29 -.009 .27 +015 27 V42 27 o167 2.74 -.091
«60 -.008 .58 016 «60 «043 58 158 3.06 ~+096
.80 -.009 «80 015 «80 042 «80 o154 3.28 -.094
1.05 ~,006 1.05 2015 1.05 038 1.07 155 3445 ~+096
1.51 ~.005 1.52 014 1,52 «038 1,52 «153 4.00 ~.102
2497 -,008 2.95 «014 2494 « 039 2.93 o124 Setl ~.104
5.82 -.007 5.80 013 5.80 +036 Se81 <075 8.26 “s1l14
10.79 ~.009 10.81 008 10.81 «023 10.81 ~.005 13.28 -e121
17.94 ~.009 17.95 -.000 17.96 «008 17.97 ~+045 20.41 ~+109
25.11 -.010 25.10 ~.004 25.12 -.,008 25.12 - 056 21,58 -.085
35.80 ~.009 35.80 -,010 35.79 -.028 35,83 ~.053 38.27 ~066
50.09 ~.012 50.12 ~.013 50.11 -.027 50.10 ~. 047 52.56 ~.045
X= =9,88 X3 =495 Xz  =2,54 X= «0,00 X= 254
z P Z P z P F 4 P Z P
3.67 -4.357 4,71 ~.417 4,98 ~e4T4 5.08 ~.515 4,98 -e517
4,08 -,349 4,97 ~,428 S.11 =.544 S.17 ~.673 5.12 =727
4.25 ~s347 S.14 ~.430 5.29 =e540 5.35 ~+659 5.29 ~.703
4.58 -e342 S5.47 =427 5,60 -.526 S.66 ~.639 5.62 ~.680
4.78 ~e334 5.67 ~.425 5.83 =517 5.87 ~.628 5.84 =.665
5.05 -.327 5.92 ~.421 6,07 =507 6.13 ~.621 6.08 =.654
5.50 -.314 6.40 ~e410 6.55 -.485 6.58 ~.601 6456 ~+616
6.94 -.,282 T.84 =374 7.99 ~e433 3.04 ~o%484 7.99 ~.492
9.76 ~.236 10.69 “+304 10.81 ~+348 10.87 -+375 10.84 ~+376
14.80 -.175 15.67 -.224 15.82 ~e2h2 15.85 ~.269 15.81 ~.268
21.92 -.139 22.82 ~+156 22.98 ~.169 23.01 ~.182 22496 “e179
29.07 -.108 29.96 -e113 30,10 ~el127 30.15 ~.129 30.21 -.127
39.80 -, 082 40.69 ~.081 40.R5 ~o086 40.92 -.,087 40,81 ~.087
53.43 ~.059 53,45 -.056 53,46 ~.063 53,20 ~e064 55416 ~e057
X= 7,37 X= 14,73 Xz 22.86 X= 81,28
Z P 4 P z P Z P
4428 ~.511 2,13 =.503 0.00 o112 0.00 «013
4,49 =-.537 2,64 -+115 .09 «105 «09 -+ 015
4,65 ~¢543 2463 -s114 27 +102 27 ~.016
4.98 ~.486 2.96 ~.130 «58 «090 58 ~.015
5.19 ~.483 3.17 -,149 80 087 +81 ~.015
6.18 ~.849 3.42 ~olés 1.05 «084 1.07 ~+016
6463 -e435 3.88 “.148 1.54 « 079 1.52 ~.014
8.05 -.387 5,31 -.157 2494 «052 2496 ~.018
10.92 =.317 8.17 ~.166 5,80 «011 S.82 ~.017
15.17 -.252 13.14 ~e161 10.84 ~.027 10.80 ~.018
22.32 -.163 20.28 -.137 17.95 ~.065 17.97 ~.017
29.57 -.126 27.47 -+105 25.08 -.067 25.10 ~.019
40.22 -.081 38.15 =.075 35,81 ~.063 35,81 -.,018
54451 -+059 52.47 -+055 50,09 ~s 052 S0.08 -“o017

P STATIC PRESSURES IN NT/CM2
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.1n Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Gravel, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

ROBBRBVBBDROBRERBRBOCRISIBODIONDE S?AYIC PRESSURES #08404200383830080880300808080

= «40,64 X= -30.48 = -20.32 X= =15,24 X= =10.16
z P z P r4 P 4 P z P
0.00 «011 0.00 «015 0.00 042 1.27 017 2.54 ~s011
34 .015 34 V19 34 2043 1.61 «023 2.88 -.0023
47 <013 «60 «022 «60 «041} 1.87 .022 3.14 ~s 004
«60 015 +88 021 +83 «043 2.15 021 3.39 -.009
«71 .012 1,38 022 1.33 «036 2464 2020 3.89 ~.011
2.53 «015 2435 021 2433 o032 3.59 £017 4487 ~s016
4.80 .010 4.55 017 b.44 «023 4.91 «013 T.93 =+ 020
8,40 +003 8.38 012 8.01 010 B.24 «003 11,44 ~s022
12.01 «004 12.02 .008 11,60 «005 11.82 -.,006 18,77 ~.021
19,07 «001 18,85 -.002 18.74 ~«003 19.10 ~+01% 25.89 ~.019
26.28 -.002 26,05 ~+005 25,95 ~.008 26403 ~.013 32.98 ~+015
33.46 -.003 33.13 -.007 33.15 ~.010 33.12 -.012 41.69 ~e014
42.04 -.007 41.68 ~.004 41.60 -.012 41.78 ~.010 Sl.70 ~s010
52.09 -.010 Sl.61 ~.008 51.51 ~2005 S1.43 ~,008
Xz «5,08 Xz =0,00 X= 5.08 X= 10,16 Xz 20,32
4 P F4 P r4 P 4 P z 4
3.81 -,062 5.08 -.168 3.81 -,101 2.54 ~.076 0.00 ~+036
4.15 -.053 Se42 ~.143 4415 ~.099 2.88 =075 34 ~+036
441 -.048 5.68 ~elb4 4,41 =« 097 3.14 ~e071 «60 ~e 037
4469 -.051 5.93 -.139 4,69 -.098 3.37 -.073 «85 ~s037
5.18 ~,051 6,42 ~e125 5.16 ~.103 3.84 ~4070 1.09 ~.039
6.14 ~.050 Tes0 =.113 6.14% ~.105 4.87 ~.074 1.33 ~e041
T.96 ~e047 9.18 ~+091 8.36 ~«093 T.38 ~.074 1.58 ~e045
11.62 =-.040 12,00 ~.071 11.22 ~e0176 17.68 ~.068 1.83 ~e043
15.11 ~.033 15.59 ~«057 14.88 ~e.061 14.44 ~.060 2.08 -+ 041
22.22 -.020 22.56 -.,038 22,19 -~ 044 22,13 ~e044 2.58 ~e043
29.40 -.018 29.61 -.032 29.15 =+035 29425 ~.036 3,33 ~¢045
35.86 -,013 36.68 -.027 36.46 =.027 36.39 -.030 4.82 ~. 046
43.73 -.,009 63,81 -.022 43.68 -e027 43.65 -,022 T.73 ~.045
50.94 ~,008 51.63 -.018 51.36 -.019 51.45 -.019 14,91 ~o 044
21.94 ~.036
29.10 ~+034
36437 -.033
43,21 - 024
50465 -.021
X= 40,64
2 P
0.00 -,000
+34 +003
«60 -,000
1.12 ~.003
1.83 ~-.006
3.08 -,008
3.95 -.013
6.15 -,011
10.82 ~-.012
15.50 -.020
22.57 -.019
2%.68 -,019
36.83 -.019
43.98 -.018
Sle40 ~s017

P STATIC PRESSURES IN NY/CM2
X DOWNSTREAM DISTANCE FHOM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE~-LEVEL IN CM



33

Table 1.2a Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 2, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

SENBBIBEDINIRANEEORABSOITE | ONGITUDINAL VELOCITIES #4000330sassnsanssscsssssne

Xz «30.48 Xz =15.24 Xz =10.16 Xz «=7,62 X3 =2,5%

4 v z u z V) Z U 4 U
0.00 0.00 0,00 0.00 0.00 0.00 1.27 0.00 3.81 0.00
+05 3.83 «05 2.92 «05 1.37 1.32 2.92 3.86 S.12
.18 4.01 .18 3.05 .18 1.58 1.45 3.10 3.99 S5.28
+33 4.26 «33 3.10 31 1.83 1.60 3.31 4,12 5.33
46 4.29 46 3.30 b 2415 1.73 3,36 4,25 S5.44
1410 4,89 70 3,61 68 2455 2416 3.83 4.69 5.73

2411 5,34 1.63 4,22 1.27 3.34 3.32 4.60 5.42 6.10
3.70 6.10 3.43 4.93 5,01 S.47 5.05 S.42 6.91 6,73
5.36 6.21 5.21 5,51 6.92 5.93 5.82 5.96 8,72 6.99
T.12 6,32 6.99 5495 11.00 6.68 10,39 6.68 12.19 7.35%
10.71 6.75 10.58 6.51 15,71 T.39 14,11 T.22 15.77 7.66
14,30 7.13 15.82 T.20 21.12 7.99 19.30 T.75 21e17 8.11
19.68 7449 21.31 T.79 28,28 8,48 24,465 8,18 26487 8,47
26.06 8.06 28,44 840 36.84 9.21 31.83 8,80 31.87 8,87
32.12 8,58 37.76 9.02 44,87 9.34 42.54 9.35 42.59 9.23
42.87 9.17 45,45 9.42 S4.11 9,51 53.95 9450 54.12 9.52
54,33 9.54 54,23 9.43

X= =-0,00 X= 2454 X= T.62 Xz 15,24 Xz 30,48

z ] Z v 4 V] 4 U] z U]
5.08 0.00 3.81 0.00 1.27 0,00 0.00 0,00 0.00 0,00
5.13 6,63 3.86 0.00 1,32 0.00 «05 0,00 «05 0.00
5¢26 6,71 3.99 0.00 1.45 0,00 .18 0.00 .18 0.00
5.37 6.85 4,10 0.00 1.59 0.00 «33 0.00 31 0,00
5.50 6.85 4.21 0.00 1.70 0,00 «50 0.00 kb 0.00
6423 7.07 4,45 0.00 1,85 0.00 72 0.00 «93 0.00

Te61 T.17 4,664 0.00 2,00 0.00 1.07 0.00 1,63 0.00
9.82 Tes0 4,80 0.00 2.13 0.00 1.88 0.00 3.12 l1.71
12.19 7.55 5.53 6.67 3.86 0.00 3.19 0.00 4,90 3.28
14.06 T.70 5.73 7.18 5.47 3.03 4,95 1.85 6.63 4,95
17.57 7.89 6,70 Te32 6.65 6.79 6.79 5.08 10.20 To64
21.22 8,17 8.39 T.44 10,13 T.46 10.36 7.87 13.82 8,07
26.48 8.57 11.99 775 13,71 T.59 13,99 8.08 19.54 8.46
31.93 8.89 17.33 8.27 19.13 8.27 17455 8,27 24,53 8.89
40.89 9.36 22.66 8446 24,55 8,65 23.46 8455 31.68 8.89
46.14 9,51 28,01 8.69 31.58 8.98 28,63 8.84 38.77 9.37
54,02 9.59 35.33 9.15 41.39 9.45 37.16 9.16 46,42 9.38
44,12 9451 53.72 9.63 44,60 9.35 53.50 9.45

53.77 9.60 56,01 9459

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FKOM CREST IN CM
2 HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.2b Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 2, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

SERBoBBRBBOBRGRIRNRBONRDeD | ONGITUDINAL VELOCITIES #08000080000000008a0008sss

X= =50,80 A= «30,48 Xa ~20.32 X= «~12,70 Az =T,47

4 v Z v 4 u z V] 4 u
0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 1.35 0.00
«09 7.33 «09 T30 « 09 5.95 «09 3.94 1.98 6.91
.28 8.16 24 T.71 «30 6.52 27 4.49 2,68 T.78
264 8.72 «66 8.53 56 Teld 57 5.22 2.97 8.01
77 8,97 81 8.85 81 T.91 80 5.73 3,40 8,54

1.07 9.20 1.03 9.04 1.01 8.05 1.06 5.99 4,83 9.70
1.54 9.53 1.51 9.39 1.54 8,62 1.52 6,71 T+67 10,83
2495 10.35 3.02 10.26 2,91 9.56 2,94 7.87 12.08 12,21
5.76 11.26 5.89 11,01 5.76 10,53 S.81 9.50 19.82 13,56
10.87 12.22 10.82 12.29 10.97 11.89 10.80 106.68 27.00 14,38
18.08 13,31 18.00 13.61 18,14 13.75 17.95 12.74 37.67 15.13
25.20 14,07 25.25 14,59 25.24 14,74 25.09 13.76 51.93 15.27
35.88 15.00 35,81 15.62 35.87 15,63 35.82 14.65
50.21 15,31 50.27 15.96 50.17 15,99 50,09 14.96

X= -5,23 X= «2.92 X= ~1,.78 X= -eT0 X= =0,00
Z v z v 4 u z V] 4 v

- s - - - -

2.46 0.00 3,62 0.00 4,19 0,00 4.73 0.00 S.08 0.00

3.10 8.29 4,25 9.93 4,83 10,30 5.15 11.66 S.17 12,85

3.81 8.93 4,98 10.43 5.53 10.90 5.85 11.92 5,37 12.94

4.05 9.31 S.23 10.66 S.77 11,03 6.12 12.03 5465 12.79

4.54 9.53 5.68 10.98 6,26 11,23 6.59 12.14 5,93 12.75

5.95 10.26 7.12 11.53 7.67 11.65 8,00 12,35 6.14 12.60

8,81 11,49 9.97 12.23 10,51 12,24 10.86 12.717 6,56 12.73

13.83 12.59 14,96 13.63 16.96 13.11 15.86 13.35 8,01 12.93
20.96 13,72 22.10 13.99 24,10 13.88 23.00 16,07 10.86 13.34
28.13 14,51 29,25 14.68 31,23 14,45 30.17 14,64 15.94 13.86
38.82 15.21 39.98 15.22 40.54 14,91 40.89 15.23 23.12 14,56
50.88 15.31 49.92 15.29 52,48 15.00 53.65 15.31 30.31 15,24
41.06 15.74

54,70 15.80

X= 1.12 X= 4.52 X= 6.81 X= 12,70 Xz 30,48

4 U ¥4 U 4 V] 4 U Y4 U
4.52 0.00 2.82 0,00 1.68 0,00 0.00 0.00 0,00 0.00
4.93 26 3.23 26 2.08 +26 «09 26 09 .26
5.63 12.87 3.93 26 2.78 «26 .26 «26 28 26
5.89 12.86 4,18 26 3.03 26 59 «26 5T «26
6.38 12.86 4,65 .26 3.51 26 «80 26 79 26
T.76 12.95 6,03 2.79 4,94 26 1.0 26 1,07 26
10,63 13.21 8,93 13,33 7.78 13,09 1.52 26 1.54 26
15.64 13.79 13.94 13.88 12.78 13.80 2.95 «26 2493 2.67

22.79 14,47 21,08 14,44 19.94 14,34 S.78 3.74 S.40 6,08
29.96 15.01 28,20 15.11 27,10 14,81 10.80 13.65 10,82 12.71
40,63 15.58 38,93 15,57 ar.e2 15,38 17.96 14.16 17.93 14,09
53455 15.59 53.21 15.60 52407 15.48 25.08 14.93 25,09 14,77
35.80 15.46 35.82 15,486
50,07 15,55 50.07 15.64

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE~LEVEL IN CM
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Table 1.2c Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 3, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

SresRensoNRRORODOBROOBenand | ONGITUDINAL VELOCITIES o0aosasnccasusasunosssnsed

= «76.20 Xz «45.72 = =30.48 = ~17.78 X= =10.01
z U Z U r4 u z U z v
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.76 0.00
« 09 4.00 «09 4,01 09 3.48 «09 2.56 2.02 4,72
26 8,060 .27 4,51 27 3.94 26 2.95 2.74 5.23
59 4.98 «58 4.95 «60 4.56 «60 3.48 2.99 5.33
«80 5.28 «80 5.19 80 beTO «81 3.73 3445 5458

1.06 5.57 1.06 5,32 1.07 4,98 1.05 4,09 4,88 5.99
1.52 5.77 1.52 5.54 1.53 S5.19 1.52 4445 Telbh 6,63
2.96 6,16 2.94 6.01 2.¢94 S.79 2.95 5.23 12.73 Totb
S.79 6.74 5.81 6.60 5.82 6.31 5.80 6.06 19.88 8,22
10.80 T.31 10.80 Te14 10,82 7,02 10,80 691 27.02 8,88
17.94 T7.96 17,94 7.85 17,98 7.81 17.95 T7.86 I7.74 9.26
25.08 8441 25.09 8.43 25,10 8.43 25.10 8,51 52.03 9.31
35.80 8.83 35.80 9.00 35.80 9.02 35.80 9.21
50.10 8.90 50.10 9.22 50.10 9.21 50.10 9.29

X3  «6,50 Xz =&,14 X= =3,02 X= =1,75 X= ~e64
4 v Z v z U] Z v z u
2.91 0.00 3.70 0.00 4,07 0,00 4,50 0.00 4.87 0,00
3.19 5e64 3.98 6425 4,35 6.63 4,78 6.84 5.15 T17
3.91 6,02 4,69 6.52 S5.07 6.82 S48 7.10 5.33 7.21
4416 6.09 4,94 6460 531 6.91 Se75 T.19 5465 7.25
4461 6.28 S5.40 6.83 5.79 7.10 6.20 7.28 5.85 T.25
6.04 6.69 6.84 7.07 7.22 T.37 T.63 T.51 6410 7.31
8.90 T.19 9.70 T.52 10,07 T.66 10.50 T.71 6459 T+30
13.90 T.87 14,69 8.02 15,07 8.0% 15,49 8,06 8,00 7.54
21.06 8,50 21,84 8.61 22.22 8.52 22.63 8,52 10.88 7.80
28.18 9.01 28,98 9,03 29,36 8.83 29,78 8.89 15.86 8.15
38,90 9,33 39.70 9.36 40,07 9.11 40,49 9.14 23,04 8.61
53.18 9.33 53.99 9.18 54,35 9.11 Se 77 9.12 30.15 8,97
40,86 9.28
55,08 9.23

Xz «0.00 X= 2439 X= Telb Xz 11,91 X= 17,78

z v 4 v z v 4 ] 2 U
5.08 0,00 4,28 0.00 2.70 0,00 1.11 0.00 0.00 0.00
S.17 6.91 4,67 046 3.08 «26 149 26 38 «26
5.35 6.96 4,86 446 3.78 28 2418 «26 +56 26
5.67 Tebd 5.18 1.55 4.06 26 238 +26 «85 «26
S.86 7.39 5.36 3.95 4.51 «26 2493 26 1.07 «26
6.11 T.44 S.62 6.62 5496 5.99 4.38 «26 1.35 26
6.58 T.54 6,09 754 8,75 8.05 T.22 7.39 1.80 o256
8.04 7.69 7.53 7.81 13.82 8.02 12.18 8.39 3.24 26

10.88 T.92 10.35 8.05 20,97 8,76 19.32 8,80 414 2415
15.87 8.30 15,39 B.42 284,09 9.18 26.50 9.11 11.13 8,28
23.06 8.77 22.52 8.79 38,78 9,35 37.18 9,31 18.22 8,69
30.18 9.14 29.64 9.16 53,05 925 51450 9.29 25.38 8,89

40.91 9.32 40,35 9.26 36,11 9,31
55.19 9.25 54,66 9421 50439 9.32
Xz 76.20
4 V]
0.00 0,00
«09 2.51
.27 2.84
+58 3.11
+80 3.30

1.04 3.35
1.51 3.62
2+99 4,27
5.87 S5.51
10.79 7.03
17.95 8,02
25.16 B.64
35.80 9.09
50,08 9.21

U LONGITUDINAL VFLOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
2 HFIGHT AROVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.2d Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 3, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

SodhsssansaRtEnPIRNBRCERRS | ONGITUDINAL VELOCITIES #8t080anasacnsncenssansdans

X= «76,20 Xe ~45,72 X= =30,48 Xz «1T,78 Xe «10,01

z v z v z u 4 v b4 u
0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 1e74 0.00
«09 T.28 «09 6457 09 6,25 «09 4.82 2,02 7.80
27 7.71 .25 T¢63 29 6,45 27 5,43 2.22 8,12
«58 8,68 59 Be4o 62 Te53 +61 6437 2.51 8,38
«80 9,04 »81 8.82 .82 T.96 78 6,69 2.75 8,71

1.06 9.39 1.05 9.06 1.07 8.33 1.07 T.06 2.99 9,06
1.52 9.95 1.52 9.59 1.56 8.89 1.52 7.65 3.44 9.31
2:94 10.68 2.94 10,37 2.97 9.69 2.95 8.89 4,86 10.25
5.80 11.48 5.82 11.24 5.85 10.71 5.85 10.24 Te72 11.35
10.80 12.25 10.80 12.25 10.79 11.80 10.85 11.65 12.82 12.54
17.95 13.32 17.95 13.32 17.99 12,94 17.96 13.13 23,67 13.67
25,10 14,20 25,10 14,12 25,07 13.89 25.10 14,02 27.04 14,50
35.79 14.83 35,82 14,82 35.82 14,81 35.79 14,88 37.589 15.15
$0.09 15.03 50.10 15.08 50407 15.09 50.09 15,07 51.89 15,20

X=  =6,50 X=  =4.14 X= =3,02 Xz =175 X= ~e64
Z UV} Z v I V] z u 4 v
2491 0.00 3,70 0.00 4407 0.00 4,50 0.00 4.87 0,00
3.19 9.33 3.98 10,48 4,35 11.12 4,78 11.81 9.15 12,45
3.92 9.99 4.78 11.10 5.09 11.65 5.49 12.16 5.87 12.61
4.16 10.34 S.04 11.43 S.69 11,68 S5.74 12.27 6.12 12.82
4.58 10.61 5.41 11.48 S.R1 12,00 6,20 12,49 6.58 12,80
6400 11.32 6,88 12,05 7.22 12.45 Te62 12.82 8.00 13.08
8.9%4 12.20 9.69 12.75 10.07 12.92 10.48 13.21 10.85 13,31
13.91 13.03 14,71 13.44 15.07 13.56 15.49 13.62 15.85 13.69
21.06 14,00 21.84 14,27 22.26 14,38 22465 14,45 23.00 14.36
28,20 14.69 29.01 14.90 29,39 15,00 29.82 15.00 30.16 14,93
38.89 15.26 39.69 15433 40,07 15.37 40.53 15.35 40.88 15.30
S1.83 15.29 51.87 15.34 52,02 15,35 52.08 15.38 52468 15,30

X=  =0.,00 X= 239 X= T.14 X=  11.91 X= 17.78

Z u z u Z U z u r 4 ]
5.08 0.00 4,28 0.00 2.70 0.00 1.11 0.00 0,00 0.00
5.17 12.20 4,67 «26 3.08 26 1.49 26 «38 26
5437 12.22 4.84 26 3.25 26 1.68 26 57 «26
5.67 12.68 5.17 26 3.57 .26 2.03 «26 1.17 «26
5489 12.82 537 S5+48 3.80 26 2423 26 1.38 26
6,13 12.78 5.62 11.02 4,05 26 2447 «26 1.62 226
6,60 12.82 6,10 12.80 4,52 3.41 2.93 .26 1.84 +26
8.03 13.06 T.52 13.23 5.94 8,96 4.36 3.13 3,28 «26

10.88 13.41 10.38 13.62 8.82 13.77 7.23 12.00 6.11 7.68
15.91 13.89 15.35 14,06 13.81 14,18 12.20 13.90 1t.12 13.94
23.03 14.42 22,53 14451 20,94 14.68 19.33 14.63 i8.22 14,50
30.16 15.01 29.67 15.11 28,08 15.11 264,53 15.16 25,31 15.00
40.87 15.39 40,37 15,43 38.78 15.53 37.21 15.60 36.11 15.54
52.73 15.43 52,49 15.48 52,52 15.58 Sl.46 15.65 50,44 15.62

Xz 76,20

2 u
0,00 0,00
09 4.19
27 5,01
59 5.45
«80 5.57
1.13 6.02
1.51 5.91
2.95 7.0‘

5.80 9.11
10.80 12.21
17.92 13.32
25.07 14.34
35.79 15.18
50.07 15.42

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTWEAM DISTANCE FROM CREST IN CM
2 HEIGHI AHOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.2e Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

BRFBDULRGNBGBEREIRBERGI0DS | ONGITUDINAL VELOCITIES ©#400R000000800008000000808

X= ~-81,.,28 Xz -40,64 Xz =25.40 X= -20,32 X= =15,24

Z U r4 U z u 4 U 4 u
0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 1.27 0.00
«09 4,51 «09 4.21 «09 3.74 «09 2.88 1.36 4,42
«23 S5.0S .23 4460 .22 4,04 24 3.20 1.50 447
«34 5,18 «35 4,88 e 39 4,22 «40 3.62 1.62 4,56
«60 5.41 .62 S.11 +H4 4,52 67 4,02 1.91 4,91
1.11 S.74 1.09 Se54 .94 boTb l1.16 4.59 2.42 3.28

1.87 6,16 1.89 S.82 1.12 5,07 1.96 5.12 2.94 5.53
2.59 6435 3.10 6.19 1.43 5.30 .14 5.69 3.95 S.87

3.94 6.57 7.28 6.84 2.37 Se74 5.94% 6435 9.25 6434
6.23 6.87 11.78 7.21 3.78 6.0% 9.34 6.87 7460 7.02
10.36 T.21 16.32 T.60 712 6465 14,67 Tebb 10,37 7.33
14+54 7.59 21.78 T.94 14,2% 7.39 2l.74 7.98 14,51 T.72

21.69 8.20 29.20 B8.48 21.78 8.u8 28,97 8.66 21,72 8415
28.78 8,54 36.65 9.08 28,84 8,51 36444 9.05 28,75 8,66
35.99 8.88 44,18 9.27 36,35 8.94 43.64 9.31 36.16 8.98
43.16 9.22 53.29 9.37 45,13 9,21 52.87 9.39 44,49 9.27

53.14 9.39 53,05 9.29 53,10 9.45
X= ~10.16 X= =254 X= =0,00 X= 2054 X=  10.16
4 U] 4 v z u z V] z u

2.54 0.00 4,404 0.00 5.08 0,00 4,44 0.00 2454 0,00
2463 5.35 4,53 6.73 5.17 8,62 4453 5.54 2.63 3.38
276 5.67 4.67 T7.20 5.29 9.32 4.68 7.33 277 3.92
2493 5.81 4,84 7.60 5.44 9.31 4492 8.39 2.97 4.15
3.20 5492 5.37 7.82 S.67 9.18 5.23 8.52 3.27 5.26
3.71 6.28 6.12 7.89 5.95 9.13 S.77 8,63 3.66 5.96
4.18 6.46 7.12 8.12 6.40 8.82 6,65 8.59 3.96 6,57
4,95 6.61 8,45 8.21 7.19 8,69 T.97 8.76 S.18 7.28
5.95 6.86 10.54 8.15 8.01 8,52 10.78 8.50 7.09 T.63
8.01 7.27 13.02 8,15 9.27 8,39 14.52 8,28 10.72 8,07
11.16 7.58 16.81 8.16 10.52 8.52 21465 Be46 14,71 8,27
14,68 7.84 22.24 8.41 13.30 8.42 29,01 8.76 21.72 8,56
21.58 8.23 29.51 8,71 17.72 8.44 37.65 9.14 28.44 8,82
28.70 8.78 37.47 9.08 22.11 8.52 46434 9es? 36.54 9.15
36.28 9.21 45.61 9.37 29.95 8,82 52.95 9.59 464,51 9.36
46,55 940 53.11 9.56 37.50 9,16 53.05 9.52
$3.03 949 45,50 9.36
53.24 9.52

X= 17.78 X= 20.32 X=  25.40 X= 81.28

4 u Z u 4 u r4 U
64 0,00 0.00 0.00 0.00 0.00 0.00 0.00
72 2.23 09 1.14 « 09 2.66 « 09 4047
«87 2.43 223 1.89 »23 2.81 22 4.78
1.04 2,76 «38 2.21 «38 3.11 o860 5.07
1.29 3.24 62 2445 +68 3,44 .92 5,33
1.77 4.02 93 2.96 1.39 4.21 l.64 5.80

207 4457 1.23 3.53 1.87 4,75 3.61 6+10
2452 5.30 1,78 4,27 2.58 5493 6483 6.65
3.70 6435 2.50 9.33 4,43 6,52 10.92 7.32
5.96 7.08 3.96 6e47 6.91 7.12 13.82 7.61
9.09 Tewl 7.01 7.09 14,24 T.78 21.20 8.04
14.39 7.96 10.58 7.51 21,22 8.28 28.69 8.44
21.29 8,53 14,35 T7.87 28,66 8.69 36,54 8,86
28.56 8,95 2l.24 8.28 36,74 9.06 44,01 9.22
36433 9.23 28453 8.77 44,84 9,45 52.52 9.43
44.52 9.48 36,51 9.21 52.61 9.53
52469 9.56 44,22 9.40

52.78 9.56

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
2 HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.2f Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

sansecRsRGRERRRERRORORRERs LONGITUDINAL VELOCITIES 20#00#88000000000008000000

X==-101.60 = =60,96 X= =40,.64 X= -22.86 X= -14,83

z u Z uU 4 u Z u z v
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1,37 0.00
» 09 T.15 .09 7.55 «09 Te4l «09 S.79 1.59 Y75
27 T.77 26 7.99 26 8,04 27 6.14 2.30 Y.72
60 8.84 «59 8.93 .58 B.66 +59 7.18 2.56 10,06
«80 9.21 81 9.07 «80 9,07 b1 Te62 3.02 10.43

1.05 9.72 1,05 9.49 1.05 9.34 1.05 8.08 bobth 11.20
1.52 10.18 1,56 10,02 1.52 992 1.52 8.63 7.30 12.15
2494 10.87 2.95 10.86 2.95 10.62 2.95 9.72 12,30 13.186
5.81 11.84 5.81 11.63 5.80 11445 S.82 10.93 19.44 14.19
10.82 12.63 10.80 12.61 10.79 12.47 10.82 12.47 26.58 14,83
17.96 13.64 17.95 13.46 17.96 13.41 17.94 13.66 37.30 15.38
25.11 14,33 25.08 14.30 25.10 14,30 25410 14,48 51459 15.37
35.80 14,92 35.80 14.92 35,80 15.07 35.80 15.21
50.07 15.06 50.07 15.07 50.08 15.24 50,09 15,32

X= =9,88 Xz  =4.95 Xz  =2.56& X= =~1,27 X= =0,00
4 u 2 U b4 Y] F4 ] 2 U

- - - - - - - L - - - - - -

2+61 0.00 3.84 0,00 4,44 0,00 4,76 0.00 5,08 0.00
2.83 10,67 4,00 11.58 4,66 13.78 4498 14.96 5,17 17.83
3,55 11.41 4,78 13.19 5.38 14,25 569 15.28 535 17,52
3.79 11.62 5,01 13.29 5.63 16,30 S.94 15.36 S5.68 16.88
4,2% 11.86 5.49 13.54 6.09 14,52 6e40 15.28 5.88 16.57
5.68 12,41 6,91 13.84 7.51 14,62 T.84 14,91 6.13 16.24
8.53 13.19 9.76 14,16 10,38 14,54 10.69 14,67 6459 15.77
13.53 13.78 14,78 14,34 165,38 14,55 15,69 14,62 8.,03 15,39
20.68 14,60 21.91 14,82 22.51 14,93 22.83 14.95 10,88 14,84
27.83 15.10 29,06 15,20 29.66 15.37 29.98 15,36 15.83 14,73
38.55 15.49 39,76 15.57 40,38 15.65 40,70 15.64 23.03 14,98
52.83 15.48 54,06 15,54 54,67 15.56 54.99 15.51 30,17 15.29
40,88 15,64

55,18 15,56

X= 2.54 X= T7.37 X= 14,73 X= 22.86 X= B8l.28

z v Z U Z U 4 U z U}
hebh 0.00 3.24 0.00 1.40 0,00 0.00 0.00 0,00 0,00
hoT4 13,06 3,53 Te4S 1.69 3.66 «09 2.78 «09 7.60
4,91 14,33 4,02 11.28 2,20 6.22 27 3,00 «26 8,23
523 14,65 4.25 12.04 2.41 7.18 «60 4.09 59 917
S.45 14,76 4,49 12.36 2.65 8,37 .81 5.08 «81 9.2%

5.69 14.93 4,96 12.68 3.11 9.85 1.05 5.66 1.05 9.31
6416 14.98 6.38 13.35 4455 11.11 152 Te43 1.52 9.72
7.60 14,87 9.24 13.83 Tedl 12.01 2.95 10.04 2.95 10,43
10.46 14,70 14.25 14,21 12,41 13.14 5.80 11.41 S.80 11,35
15.45 14,73 21,39 14.76 19,55 la,00 10.80 12.67 10,80 12,53
22.59 14,98 28.54 15.21 26,68 14,74 17.95 13.85 17.94 13.44
29.74 15,34 39,25 15.51 37.40 15,24 25.09 14,55 25409 14,21
40.44 15.56 53.54 15.45 51.68 15,25 35,80 15.24 35,80 14,91
S4.74 15.50 50.10 15.34 50,08 15.09

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.2g Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 6, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

PRBBEHBLOBRORNSONNBEBERSRS { ONGITUDINAL VELOCITIES SUcunassntsesssdanassaones

X= =50.80 X= «35.56 = «20.32 Xz ~12.,70 Xz =T.62

z [V} 4 U} z V] 4 V] Y4 Y]
0.00 0.00 0.00 L0409 1.69 0,00 2,96 0,00 3.81 0,00
05 4426 «05 3.80 le74 5.04 3.01 S5.42 3.86 6,15
18 4,51 .18 4,15 1.87 S.16 3.14 5463 3.99 6,36
«31 4.66 «35 4.37 2.01 5.33 3.29 5.77 4,12 6453
43 4.82 046 4.54 2.15 Sebé 3.42 5.94 4.24 6.64
«78 5.20 «73 4.85 2.52 5.69 3,70 6.10 4.66 6.85

1.37 S.54 l.66 5.64 3.29 6,06 40,43 6,37 529 7.0%
2.06 S.82 3.52 6417 4,69 6,44 5.93 6.85 T.27 Ted2
3.49 6.19 S.90 6455 6.76 6.80 Te49 T.06 10.83 T«76
5433 6.76 8.29 6.80 10.7¢ T.23 9.46 Tebé 15,32 8.05
T.06 6.83 10,89 7.08 14,32 T.65 13.13 7.98 19,74 8,25
10.63 T.17 14,39 Taul 17.99 Te9? 16,18 8,04 25.16 8,57
14,23 T.46 17,93 779 23.27 8.63 21.56 8,38 32.32 9.01
19.62 7.89 23.29 8.17 28,79 8.90 28,76 8.76 39,42 9.46
24.93 8.28 28,67 8.49 35,75 9.23 38.76 9.28 46,66 9,45
32.07 8.74 35,86 8.99 42,93 9.40 45,43 9,37 54,50 Fesl
40.50 9.16 43.12 9.25 54,33 9.50 S4.43 9.52
47.18 9.26 54,34 9.28
54436 9.37

X= «0,00 X= T.62 Xe 12.70 Xz 30,48

z U 4 v b4 V] 4 v
S.08 0.00 3.81 0.00 2,96 0.00 0.00 0.00
5.13 8.12 3.86 5.08 3.01 4,65 «0S 2.45
526 B.46 3.99 5.78 3.14 4,92 .18 2.65
5.39 8.56 4.12 6.18 3,28 5.13 «36 3.02
5.51 8.53 4,23 6.48 3.01 5,34 48 3.08
5.83 B8.48 4,64 T.19 3.73 5497 81 3.72

6.21 8.72 5.55 Tebl 4,31 6.64 1.81 4090
6.86 B.47 Te13 T+65 5431 694 693 6.54
8.71 8.24 8.87 T84 8.52 T7.39 10.48 6,96
10.8% 8,21 11,32 Te92 10,67 T.57 15.75 Teb7
14,44 8.25 15.89 8.17 14,38 7.82 2l.13 8,01
19.89 8.41 21,63 8.38 19,58 B,18 28,30 T.64
25429 8,65 28,55 8,77 25.08 B.46 35.46 8.96
33.31 9,10 35,70 9.19 32.17 9.06 44,43 9.29
40.31 9,31 44,87 Sedéh 39.44 9,33 53.98 9.51
47,19 9,47 56,26 9.48 46,38 9.42

54.50 9.51 54.36 9.43

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE~-LEVEL IN CN
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Table 1.2h Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 6, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

CHDEETRLORGUEIORIBRBO00209 | ONGITUDINAL VELOCITIES #00000s0s0n820380000000808

A==152,40 Xz -76.20 X= ~45,72 X= ~30,48 X= «22,86
Z u 4 v 4 U z 1Y) z v
0.00 0.00 0,00 0.00 0400 0.00 0.00 0.00 1.27 0.00
.15 7.60 .15 Te74 +15 T7.65 e 15 6014 1.78 9.16
1.18 9.42 -1 8.91 50 8409 «50 T.74 2.41 10,26
2.21 10.53 1.52 10.17 2.21 10,30 1.18 9.18 4.52 10.97
3.%2 11,31 4,95 11.54 3.92 11,37 2490 10.13 658 11.67
Se66 11.96 8.38 12.09 7435 12.01 4461 10.97 10,01 12.32
9.07 12,38 11.51 12.55 10.78 12.%59 Be04 11.92 13.44 12.90
12.50 12.65 15.24 13,07 14.21 12,99 11.647 12,55 16,87 13.64
1593 13.33 18,67 13.54 17.64 13,36 16461 13.33 23,73 14.13
19.36 13.94 25,53 14,13 21,07 13.82 20,04 13,74 30.58 14,75
22479 14,34 32.39 14.70 24,50 14,13 25419 14,29 34,91 15,08
29.64 14,82 39.25 15.09 27.93 18,44 32.05 14.9¢0 40.87 15.34
36.50 15.27 46.11 15.19 31.36 14,78 38.90 15.24 47.73 15.34
43.36 15,34 52.96 15.19 34,79 15412 49.76 15,34 54.59 15,34
49.79 15.34 58.11 15.19 45,08 15,34 59.73 15.34
55.37 15.3%
X= ~17.78 X= =12.70 Xz =7.62 X= =5,08 X=  ~2,54
z v 2 u 2 U z U] z v
212 0.00 2.96 0.00 3.81 0.00 4.23 0.00 4,66 0.00
2.62 9.99 3.47 11.15 4,32 12,01 4.T4 12.23 Se.16 13.69
4.34 11.33 4,50 11.92 6.03 12.73 5.43 12.85 T.91 13,98
6.05 11.88 6.90 12446 7.7% 13,07 6411 13.38 14,77 14,18
T.77 12.30 10.33 13.07 11.18 13.70 11.26 13.85 21.63 14,60
9,48 12.68 13.76 13.62 18.04 l4.24 14,69 14,12 28,48 14.96
11.20 13.02 20.62 14,21 2h.89 l4.67 21,55 14.48 31.91 15.12
16.34 13.57 27,48 14,75 31.7% 15.09 28,40 14,87 35,34 15.27
19.77 13.96 30,91 15,03 38.61 1S5.44 35.26 15.21 38,77 15.40
23,20 14,29 37.76 15,27 45,47 15.37 33,69 15.43 45,63 15,35
26.63 14.60 41.19 15,38 52.33 15,64 45455 15,35 49,06 15.37
33449 15.08 48,05 15.37 58,50 15,34 52.07 15.34 52,49 15.37
36.92 15,34 54,91 15.37
43.78 15,45
$52.35 15.34
57.49 15.34
X=  =~1,27 X= =0.00 X= 2.54 Xe 5.08 X= 10.16
4 V] J 4 U Z u z ] Z u
4.87 0.00 S.08 0.00 4,66 0.00 4,23 0.00 3.39 0.00
5.38 13.99 5.23 15.12 4.91 13.64 474 12.68 4.15 11.77
7.09 14,43 T.29 14,52 8.34 13.96 S.77 13.16 T.24 12.80
10.52 13.98 8,32 164,21 15.29 14,06 8.17 13.74 10.566 13.33
15.66 14.29 12,43 14.21 18.63 14.21 15.03 14.06 14,99 13,74
22.52 14,63 19.29 14,31 22,06 14,43 18.46 14.13 20.95 14,26
29.38 14,97 22,72 14,37 25.49 14,60 25.32 14,60 24,33 14,58
36.24 15.32 23,58 14,73 28,92 14,76 28.75 14,90 27.81 14,88
39.67 15.47 36.44 15.03 32,35 15.00 39.03 15,21 34,67 15.12
46.53 15.41 39.87 15.19 35.77 15,19 45.89 15.32 41.53 15,34
$3.39 15.37 46,73 15.19 40,92 15.27 52.07 15.27 50.10 15.27
53.59 15.19 54 .64 15.27 55425 15.27
X= 15,24 X= 20.32 Xz 30468 Xx 45.72 Xz 764,20
4 u 2 v 4 U Z v 4 V]
2.54 0.00 l1.69 000 0,00 0.00 0.00 0.00 0.00 0,00
3.30 8.16 2440 6.66 «15 1,49 «15 T.57 «15 .81
3.99 9499 3.14 9.06 1.18 .42 1452 9,42 2,95 10,53
4.67 11.64 3.48 10.53 3.58 10.91 2455 10.93 4461 11.48
639 12.29 5.88 11.71 7.01 11,948 %430 11.19 8,04 12.23
9.82 12.73 9,31 12.46 10,44 12,48 7.04 11.64 11.47 12.66
13.2% 13.36 12.74 12.99 13.37 12.97 10.44 12,27 14.90 13.14
16.68 13.74 16.17 13.33 19,01 13.77 13.87 12,90 20,04 13.66
20.11 s, 06 19,60 13.74 25,87 14,40 19.01 13,41 25.19 14.18
23.54 14.29 26,46 l4.48 31,02 14,82 24416 13.98 32405 14,64
26.96 14,60 31.60 14,76 36445 15.12 31.02 14.60 38.90 15,08
33.82 15.06 40.18 15,30 41,30 15.37 Isele 14.90 4,16 15.3%
40,068 15.27 51,50 15.30 49,02 15,41 41.30 15.24 49,19 15.3%
44,11 15.34 52.96 15.35
S4.40 15.27

U LONGITUDINAL VELOCITIES IN M/SEC
X DOwWNSTREAM DISTANCE FHROM CRESNT IN CM
SURFACE=LEVEL IN CM

Z HEIGHT ARNVE

UPS THEAM
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Table 1.2i Triangular Hill Model, Height 5.08 cm, Halflength He?ght
Ratio 20, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

RBREBRBBOBOBRDRBDOROROONRD | ONGITUDINAL VELOCITIES ##60000d00000000808000a000s

=~127.00 X==101.,60 X= ~76,20 Xz =50.,80 Xz ~25,40
b4 v 4 v 4 [V} 4 V] 4 U
0.00 0.00 0.00 0.00 1.27 0.00 2.56 0.00 3.81 0.00
05 4.28 05 4404 1.32 4.80 2.59 4.92 3.86 5,15
.18 4.65 .18 4,29 l.45 5.15 2.T2 5.19 3.99 5.43
«33 4,91 33 4.56 1.60 5.31 2.87 Setel 4.11 S5.67
«59 5.19 «60 4.83 1.84 5,54 3.37 5.98 4,33 5.97

1,11 5.56 1.37 S.42 2.30 S5.84 4,12 6449 4,84 6431
1.88 6.10 2.54 5.80 3.33 6.19 S.70 6.71 S.84 6,75
3.43 6.53 5.01 6,32 4.93 6.58 9.00 T.17 8,82 T1.27
6.01 6.84 8.63 6.87 B8.53 7.03 12.68 7.50 12.82 7.65
9.98 Te12 12.87 Te27 13,.9% 7.33 19,67 T.98 16,90 Te94
14.56 T.56 17,41 7.51 21.38 8,02 28.00 B8.51 24481 8.50
21.56 8.00 23.98 T.92 28,57 8,49 39.44 8.92 33.16 8.91
29.58 8.57 31.00 8.57 35.78 8.88 43,27 92.29 42,44 9.28
36.68 8.89 38,31 8.80 44,45 9.18 52.59 9.36 52,47 9.39
44,61 9.07 45.34 9.04 52.72 9.40
52.95 9,33 53,07 9.34

X= =5,08 = =0,00 X= 5.08 X= 50,80 X= 101,60

4 u 4 u 4 V] z U z V]
4.83 0.00 5.08 0.00 4,83 0.00 2454 0.00 0,00 0,00
4.88 $.51 5.13 6,12 4.88 4,82 2.59 4,39 «05 0,00
5.00 5.83 5.26 6.45 5.00 S.21 2.72 4,96 .18 0.00
5.13 6.11 5.37 6.77 5.16 S.66 2.85 5.07 67 4,16

5+40 6,68 5.61 6.97 5.39 6,24 3.12 5.35 1.30 4.91
5.88 6.93 6.11 Tel? 5.88 6.75 3.60 S.84 2,78 5.76
6.86 T.14 6,84 7.31 6.85 T.12 4,56 6.42 S.l6 6.52
8.97 T.50 8.09 Te40 8.58 Tet2 6437 6.96 B,61 7.02
12.41 7.81 11.41 T.76 12,30 8.04 10.20 T34 12,40 T.27
15.9% 7.95 15.20 8.06 17.28 8.21 15475 7.69 16,88 7.63
19.83 8,23 19,50 B.24 22.63 8,43 22490 B.16 23.34 8.09
2644 B.55 21.21 8.62 29.67 8,78 30.10 8,63 30.90 8.53
33.78 8.90 33.59 8,96 37.12 9.12 37.34 9.00 37,99 8.8%
42.35 9,37 42.39 9.22 44,68 9.37 44,57 9.23 45,31 9.264
52.18 9.45 52.28 9.39 52.59 943 52419 9.45 52.13 9.32

X= 152.40

4 v
0.00 0.00
«0S 4.49
«30 4,96
+56 5.31
1.19 5.66
259 6.22
S.60 6.80
8.98 7.21
12,77 T .45
16.12 T.62
23.49 8.12
30.60 8.54
38.05 8.90
44,78 .07
52,62 9.26

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.2j Sinusoidal Hill Model, Height 5.08 cm, Halflength Height
Ratio 3, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

snssppRoonsansnsssassacane | ONGITUDINAL VELQCITIES essennanosscctrsanasnsasns

X= «60.96 X= ~45,72 Xz «30.48 X= -17,.78 X= ~12.83

Z v r4 Y z u 4 v z U
0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 1.25 0,00
«09 4.19 .09 4.13 «09 3.9¢0 09 2.78 le81 4,63
.28 4,37 27 4040 25 3.97 «27 3.00 1.99 4,76
«59 5.03 58 4.92 59 4.68 «58 3.56 2,30 5,08
+81 5.28 .78 5.20 «81 5.00 «80 3.83 2455 Se30

1.12 S.47 1.05 S5.42 1.05 5.20 1,07 4.28 2.78 S.47
1.52 5.75 1,51 5.72 1.52 5.35 1.51 4.63 3.24 $.81
2493 6.26 2.97 6.28 2456 5.99 294 5.45 4,67 6446
5.81 6.80 5.81 6.78 5.80 6.62 5.81 6.40 T+55 T.22
10.81 7,41 10.80 T.36 10.79 7.29 10.80 7,36 12.5% 7495
17.95 T.97 17.95 794 17.9% Te94 17.9% 8.16 19.66 8.48
25.09 8.46 25.10 Beb6 25,07 8.54 25.10 8.72 26485 8.94
35.81 8.93 35.380 B8.94 35.80 9.01 35,80 9.10 37.55 9.17
50.09 9.03 50,08 9.04 50,12 9.10 50417 9.14 51.80 9.14

X= «7.85 X=  =5,46 X= =3,02 X= =1.,22 Xz «0,00

Z [V} z u z v 4 U z v
3.51 0.00 4,30 000 4,84 0,00 5.04 0.00 5.08 0.00
3.98 T.24 4.66 7.87 5.03 8.78 5.15 8475 S.17 8,18
4.13 T.+25 4,84 8.13 5.20 8.91 5,33 8,73 5434 9.01
4,48 7.33 S.17 8.20 S.52 8.97 5465 9.11 5.68 9.21
4.69 T.43 5,39 8424 S5.74 8.94 5.87 9.18 5.89 9,17
4.93 7.50 S.62 8.31 6,00 9,00 6.13 9.14 6415 9.10
5.41 759 6,09 8435 6,46 9.01 6.57 917 6461 9.01
6.83 7.84 7.51 8.37 7.88 8.81 3.01 9,03 8404 8,97
9.68 8.05 10.38 8.42 10,04 8.66 10.85 8,75 10.89 B.79
14.71 8.37 15.37 8449 15.74 8.15 15.87 8.72 15.89 8,75
21.84 8.81 22,52 8.84 22.87 9.03 23.01 8.94 23.02 8.99
28496 9.08 29.69 9.08 30.04 9.20 30.15 9.25 30.15 9.18
39.68 9.23 40,37 9.31 40,73 9.35 40.85 9.31 40,86 9.30
53.96 9.20 54.66 9.21 55,08 9,27 55.18 9.23 55.17 9.21

X= 4.86 X= 12.19 X= 17,78 X= 60,96

Z Y] z u z v z y
4,45 0.00 1,57 0.00 0.00 0.00 0.00 0.00
4.68 6.81 1.93 2.54 « 09 145 «09 4,43
4.86 T.74 2.10 2.69 27 1.45 27 4443
S.17 8.38 2.43 4.19 58 1.45 58 5.15
S5.40 8.43 2.65 5.20 «80 2.01 +580 S5.42

566 8es46 2.89 S.84 1,05 2.78 1.13 559
6.12 B.48 3.35 6.46 1.52 3.52 1.51 S5.70
T.53 8.55 4,79 6.95 2.95 .70 2.95 S5.94
10.38 B8.48 7.64 7.52 S5.79 6,66 5.81 6,54
15441 8.60 12.65 8.12 10.81 Tet5 10.82 T3l
22.54 8,84 19,79 8.52 17,98 8.24 17.95 7.95
29.70 9,01 26495 8.83 254,14 8,69 25408 8,38
40,38 9.18 37.65 9.17 35,31 9,08 35.82 8,87
54.64 9.10 51495 9.14 50.11 9.10 $0.08 8.97

U LONGITUDINAL VELOCITIES IN M/SEC
X ODOWNSTREAM DISTANCE FROM CREST IN CM
2 HEIGHT ABOVE UPSTREAM SURFACE~LEVEL IN.CM
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Table 1.2k Sinusoidal Hill Model, Height 5.08 cm, Halflength Height
Ratio 3, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

Apasbaonsadtvtannonsotatntes L ONGITUDINAL VELOCITIES #3u#000ia008ssdnisedasconns

Xz ~60.96 X= ~45,72 Xz =30.48 = =17.78 X= =12.83

4 U 4 u 4 v 4 U 4 V]
0.00 0.00 0.00 0.00 0.00 0,00 0.00 0,00 1.25 0.00
.09 T.36 «09 T.15 «09 6.78 «09 4,82 1.81 8,20
27 T.47 «25 T.82 «26 6.76 27 $.52 2.52 9.17
«60 8.55 «58 8.64 «59 8.04 58 6.32 2.78 9.52
«80 9.03 «80 9.08 <80 8.57 .80 6.91 3.24 9.98
1.05 9,38 1.05 9,42 1.06 8,85 1.06 7,27 4.67 11,05
1.51 9.72 1.51 9.77 1.52 9.31 1.51 7.79 7.52 1¢.26

2.95 10.60 2.95 10.56 2.95 10.18 2.95 9.17 12.52 13.39
S.80 11.55 5.81 11.38 5.890 11.09 5.80 10.80 19.67 14.22
10.80 12,29 10.81 12.31 10.80 i12.21 10,80 12,34 26,81 14,90
17.95 13.32 17.94 13.34 17.9% 13.36 17.94 13,73 37.52 15.45
25.10 14,16 25,08 14,19 25.09 14,23 25,08 14.57 51.81 15.42
35,80 14,92 35.82 14,91 35.80 15.04 35.80 15.24

50.08 15.065 50.08 15.09 50.09 15.24 50,09 15.33

X=  «7.85 X=  =5,46 X= =3,02 X= =1,22 Xs  =0,00

4 V] 2 U 4 u z u 4 V]
3.51 0.00 4,30 0.00 4.84 0.00 S5.04 0.00 5.08 0,00
3,98 12.26 4.66 13.79 5.03 15.19 5.15 14,84 Se17 14.81
4,70 12.74 5,38 14.04 $.75 15,01 5,85 15,30 5435 15.37
4.94 12.91 5.61 14.05 6.14 15.09 6.12 15.31 S5.68 15,62
S5.40 13.04 6.09 14,07 6.46 15.00 6457 15.35 S.89 15.48
6.83 13.41 7.51 14,07 7.89 14,89 8.02 15.06 6.21 15,31
9.69 13.70 10.39 14.00 10,73 14,53 10.89 14,75 6,60 15.30
14.69 le,1l 15.36 14,20 15,73 lac42 15.85 14,53 8.20 14,92
21.83 14,60 22,51 14454 22.88 14,66 23.03 14,74 10.87 14,77
28.97 15.09 29.66 14.98 30.03 15.09 30.15 15,09 15.87 14,58
39.68 15.48 40.38 15,25 38.19 15.30 40,89 15.36 23.02 14,80
54,01 15,45 54,67 15.21 $2.50 15,24 52430 15.33 30.18 1S5.19
41.06 15,38
52.13 15.33

X= 4.86 X=  12.19 X= 17.78 Xz 60,96

z V] 2 Y z v z U
4445 0.00 1.57 0.00 0.00 0.00 0.00 0.00
4.68 12.74 1.93 2.74 «09 «26 + 09 T.71
4.85 13.78 2.10 3.09 27 26 27 8.72
5.18 14,06 2.43 6.12 «59 27 60 9.41
Sesl 14.16 2.65 T.67 «80 2.92 «80 9.61

5.65 14,16 2.89 9.59 1.07 4,09 1.07 9.93
6.11 14.16 3.35 10.69 1.52 5.00 1.51 10.09
Te54 14,23 4. 79 11.71 2.95 Y65 2495 10.60
10.38 14.30 7.63 12.59 5.81 11.41 S5.79 11.34
15.3¢9 14,39 12.63 13.58 10.82 12.79 10.79 12.54
22.54 14.76 19.78 164,33 17.95 13.7% 17.95 13.50
29.70 15.07 26.94 14,91 25.09 14,62 25.10 14,32
40.40 15.36 37.67 15,33 35.60 19,28 35.82 15.09
52.33 15.33 51.95 15.34 50409 15.37 50411 15,32

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.21 Sinusoidal Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

BUBBRGRBOGVERIAVB IR IDOB008 | ONGITUDINAL VELOCITIES #0688 scanasncpoosaanennsnas

X==101.60 Xz -60.96 Xz «40.64 Xz =~22,86 Xz ~14,83
2 u 4 v z v Z v 2 u
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2,09 0.00
09 4,27 «09 4.19 +09 4,15 «09 2.72 2456 5.98
«25 4,95 .27 4.76 27 4,41 27 3.24 3.28 6.45
+«58 5.30 60 5.25 «60 5.11 «58 3.76 353 6,56
«81 5462 «80 S.40 «80 5429 .81 4.12 3.99 6,77
1.04 S5.70 1.0% 5+56 1.05 Sedb 1.05 438 Se0l 7.07
1.52 5.97 1.52 5¢75 1,51 S.70 1.52 4,79 8.28 1.50
2494 6,47 2.94 6.38 2495 6,13 2.94 5449 13.27 8415
5.80 6.98 $.82 6.85 5.80 6.68 5.80 6.30 20.43 8.72
10.80 T.48 10.80 Te40 10.81 7.18 10.81 T7.12 27.55 9.13
17.92 8.02 17.95 T7+99 17.95 8,04 17.%2 8.13 38.28 9430
25.12 8449 25.10 8446 25.09 8.59 25.10 8,71 49.81 9.21
35.80 8.87 35,82 B.84 35,80 Tel0 35.80 9.20
50.07 8.95 49,88 8.94 50.10 9.22 50411 9.28
X= «9,88 X=  =4,95 Xz =2,54 X= «~0,00 X= 2.54
z U 4 U z U z v 4 U
3.67 0,00 4.71 0.00 4,98 0.00 5.08 0.00 4,98 0,00
4.08 7.52 4.97 T7.77 5.11 T.87 5417 7.79 S5.12 7.85
4.79 T.62 Se47 8.12 5.60 8455 5435 8.69 S.30 8.55
5.05 T.76 5.69 8.16 5.85 8455 Se67 B.79 5.63 8,71
5.590 7.81 5,92 8.20 6.07 8.55 S.89 8.87 S5.85 8.79
64946 7.99 6.39 8,38 6,54 8,66 6,13 8,76 6.03 8,71
9.78 8.20 7.82 8.55 7.96 8,71 6459 8.81 6455 8,76
14.79 8.51 10.68 8.63 10.81 8.76 £.03 8.88 7.98 8.76
21.93 B8.82 15.68 8,76 15.81 8,86 10.88 8.93 10.84 8.76
29.08 9.13 22.83 8.98 22.97 9.06 15.88 8.97 15,84 8,83
39.79 9.30 29.97 9.21 30.12 9.27 23.03 9.08 32497 9.02
50411 9.30 40.69 9439 40,82 9.39 30.17 9.30 30,14 9.23
56.17 9434 52.49 9.25 40,68 9.43 40,82 9,28
49461 9.41 52434 9.20
X= T.37 X= 14.73 X= 22.86 X= 81.28
4 u Z U] Z ] z u
4.28 0,00 2.13 0.00 0,00 0.00 0,00 0,00
4.49 6.69 244 3.67 «09 26 09 5.08
4,67 T.40 2.62 4017 .28 1.51 27 $5.36
S.02 T.94 2.96 S5.40 «59 2.11 «58 Se67
S.22 8.09 3.16 5.90 .81 2459 +80 S5.80
S.48 8.21 3,40 6.27 1.06 3.26 1.02 $.:94
5.92 8.27 3.87 6.60 1.53 4.30 1.52 6.1%
7.35 8.38 $.31 6.79 2.96 5,80 2.94 6433
10.23 8.55 8.16 Te40 5.80 6.57 S.81 6.82
15.20 8.63 13.17 8.03 10.80 Ted4 10,82 T.31
22.35 8.92 20,30 8.66 17,96 8,21 17.95 8.10
29,51 9.20 27.46 9.02 25.09 8.87 25411 8.68
40.19 9.21 38.17 9.35 35,80 9037 35.80 9.15
52442 9.17 52.37 9.35 50.09 9,38 50409 9.2

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE=~LEVEL IN CM
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Table 1.2m Sinusoidal Hill Model, Height 5.08 cm, Halflength H?ight
Ratio 4, Surface Roughness Smooth, Freestream Velocity
15.24 m/sec, Neutral Thermal Stratification

SobspasptasDesREReBDORwond | ONGITUDINAL VELOCITIES #484000p4000008000000000088

=-101.60 Xz ~60496 Xz =40,64 = =22,86 Xz ~14,83
Z v 4 U 4 v 4 U Z u
0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 2.09 0.00
«09 7.65 «09 Tea? «09 T.06 +09 5.20 2.56 10.11
29 8.54 27 8.29 27 7.84 27 S.77 2.74 10,32
60 9.35 58 9.04 «60 B.57 58 6.72 3.06 10.53
«80 9.75 «80 9.49 «80 8.76 «80 T7.18 3.28 10.85
1.05 9.85 1.05 9.77 1.05 Y.20 1.07 T.54 3.45 10.97
1.51 10.51 1.52 10.18 1.52 9.71 1.52 8.18 4,00 11.21

2.97 11.29 2.95 11.05 2494 10.61 2493 9.31 5,41 11,87
5.82 11.93 5.80 11,70 5.80 11.46 5.81 10.81 8.26 12,63
10.79 12.93 10.81 12.47 10.81 12.31 10.81 12.26 13.28 13.46
17.94 13.88 17.95 13.51 17,96 13.37 17,97 13,59 20,41 14,34
25.11 14.63 25.10 14,21 25.12 14.16 25.12 14,48 27,58 14,90
35.80 15.28 35.80 164,95 35.79 14.95 35,83 15.17 38.27 15,32
50,09 15.41 50.12 15,06 50.11 15.17 50.10 15.28 52456 15.28

X= =9,88 X= =4.95 Xz =2,54 X= =~0,00 X= 2.54
2 u Z v z u z Y] 2 ]
3.67 0.00 ‘.71 0.00 4.98 0.00 S.08 0,00 4,98 0.00

4.08 12,55 4.97 13.12 Sell 13,43 S.17 13.54 5.12 14,05
4.25 12.66 S.l4 13.41 5.29 14,06 $.35 14,80 5.29 14,91
4,58 12.81 S.67 13.54 5.60 14.18 5,66 14,86 5.62 15.09
4.78 13,02 S.67 13.67 5.83 14,25 5,87 14,97 5.84 15.17
5.05 12.93 5,92 13.68 6,07 14,34 6.13 14,96 6.08 1S.10
5.50 13,12 6.40 13.85 6.55 14.25 6.58 15.00 6.56 15,15
6.94 13,37 7.84 l4.18 7.99 14,53 8.04 14,98 T.99 15.14
9.76 13.71 10.69 14425 10,81 14457 10.87 14,91 10.84 14.95
14.80 14,18 15.67 14444 15.82 14.59 15.85% 14.88 15.81 14.96
21.92 14.62 22,82 l14.76 22.98 14,88 23,01 15417 22.96 15.21
29.07 15.09 29.96 15,14 30.10 15,19 30.15 15.54 30.21 15,67
39.80 15.37 40,69 15.33 40.85 15.42 40,92 15.71 40,81 15.78
53,43 15.33 53.45 15.19 53,46 15.31 53.20 15,61 55.16 15.65

X= 7,37 X= 14.73 X= 22,86 X= 81,28

Z "] 4 u z u 4 U
4.28 0.00 2,13 0.00 0.00 0.00 0,00 0.00
4.49 12.12 2,44 6.07 «09 3.17 «09 8.42
4.65 12.91 2463 Te64 27 3.48 27 9.31
4.98 13.89 2,96 10.06 +58 4.40 «58 9.69
5.19 13.94 3.17 10.80 .80 5.63 «81 10.06

6.18 14,15 3.42 11.25 1,05 6.52 1.07 10.27
6.63 14,20 3.88 11.64 1.54 7.95 1.52 10,43
8.05 14,40 5.31 12.26 2.94 10.06 2.96 11.01
10.92 14,54 8.17 12.91 5.80 11.35 5.82 11.68
15.17 14.68 13.14 13.77 10.84 12.70 10.80 12,58
22.32 15,09 20.28 14,63 17,95 13.90 17.97 13,58
29.57 15.49 27447 15417 25,98 14,67 25.10 14,32
40.22 15.76 38.15 15.64 35.81 15.41 35.81 15.04
54451 15.69 52.47 15.62 50.09 15.52 50.08 15,22

U LONGITUDINAL VELOCITIES IN M/SEC
X  DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT AHBOVE UPSTAREAM SURFACE-LEVEL IN CM
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Table 1.2n Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Rougﬁness Gravel, Freestream Velocity

9.14 m/sec, Neutral Thermal Stratification

SRRUBRBRBNGBGRENSNaNnRass | ONGITUDINAL VELOCITIES #5entessanaesessssnsdissnes

X= -40.64 X= =30.48 X= =20,32 Xz =15,26 = =10,16

2 v z v z V] Z v z v
0.00 0.00 0.00 0.00 0.00 0.00 1.27 0.00 2,54 0.00
«36 2473 « 34 2.80 34 1a14 1.61 3.09 2.88 3.75
47 3.01 60 3.11 «60 2.11 1.87 3.75 .14 4,31
60 3.12 88 J.47 «83 2453 2.15 3.82 3.39 4,80

71 3.52 1.38 3.89 1.33 3.29 2,64 4,07 3.89 4,96
2453 4.8% 2.35 4,56 2433 3.94 3.59 $.82 4,87 9,52
4.80 S.48 4.55 S.24 4,44 he96 4,91 5.35 1.93 6.40
8.40 6.43 8,38 6.06 8,01 6.00 B.24 6443 1l.44 6.82

12.01 6.77 12.02 6.52 11,60 6.55 11.82 6.96 18.77 Te.78
19.07 7.64 18,85 T«65 18,74 T.50 19.10 T.82 25.89 8,38
26.28 8.35 26,05 8417 25.95 8,16 26,03 8.33 32.98 8,89
33,46 8,59 33.13 8.61 33,15 8,81 33.12 8.95 41.69 9.25
€2.04 8,97 41,68 8.92 41,60 9.13 41,78 9.22 51.70 9.43
52,09 9.34 51461 9.39 $1.51 9.26 51443 9.43

Xz «5,08 Xz =0,00 X= 5.08 X= 10,16 X= 20.32

4 v Z v 4 v 4 v 4 u
3.81 0.00 5.08 0.00 3.81 0,00 2.54 0.00 0.00 0.00
4.15 3,93 S.42 6453 4.15 2,01 2.88 1.42 «34 «31
4,41 5,48 5.68 7.08 4,61 3.62 3.14 2.13 «60 «80
4,69 5.83 5.93 T.25 4,69 4.99 3,37 2.09 «85 1.00
5.18 6.11 6.42 T.25 S.16 6.79 3.84 4,33 1.09 1.55%
6e14 6.44 T.40 T.48 6.14 T.22 4.87 6.34 1.33 1.93
7.96 6.84 9.18 Te46 8,36 T.39 7.38 7.01 1.58 2,46

11.62 T.217 12,00 757 11.22 7.64 lu.68 7.31 1.83 2.74
15.11 T.54 15.59 T7.75 14.88 T.79 l4.44 7.66 2,08 3.59
22.22 8.32 22.56 8.11 22.19 8.27 22.13 8.25 2.58 3.95%
29.40 8.68 29.61 8.70 29.15 8.69 29.2% 8,77 3.33 5.11
36.86 9.95 36,68 9.14 36.46 9.04 36.39 9.22 4,82 6.26
43.73 9.26 43,81 9.32 43,68 9.11 43.65 9.35 T.73 6.67
50.94 9.42 51.63 9.42 51.36 944 Sle45 9.42 16.91 T.55
21.94 8,13
29.10 8,69
36.37 9.33
43,21 9.45
50,65 9.51

Xz 40,64

4 v
0.00 0.00
34 2.31
+60 2,77
1.12 3.16

1.83 3.69
3.08 4.54
3.95 5.36
6.15 6.06
10.82 6.75
15.50 T.34
22457 7.98
29.68 8.59
36.83 8.94
43.98 9.28
51.40 9.40

U LONGITUDINAL VELOCITIES IN M/SEC
X DOWNSTREAM DISVTANCE FROM CREST IN CM
Z HEIGHT AHOVE UPSTREAM SURFACE~LEVEL IN CM
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Table 1.3a Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 2, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

sa0ssnssescsrssess RMS OF LONGITUDINAL VELOCITYFLUCTUATIONS ¢essosssassssnnes

XK= =30,48 X= =15,24 X= =10,16 Xz «T.62 Xs ~2.5%
2 URMS Z URMS Zz UKRMS z URMS Z URMS
0.00 0.00 0.00 0.00 0.00 0,00 1.27 0.00 3,81 0,00
+ 05 «66 «05 61 « 05 19 1.32 51 3.86 50
el8 71 18 o T4 18 42 1445 <49 3.99 «50
+«33 70 +33 + 75 «31 51 1.60 «51 4,12 o4l
46 67 46 74 44 -2 1.73 «55 4,25 49
1.10 71 « 70 75 +68 «66 2414 «60 4,69 53
2.11 «73 1.63 »80 1.27 72 3,32 69 S.42 58
3.70 73 3.43 «75 5,01 56 S.05 .70 6,91 «60
5.36 69 5.21 o712 b.92 63 6.82 65 8,72 60
T.12 66 6.99 «66 11.00 «58 10.39 60 12,19 +58
10,71 63 10,58 63 15,71 «37 14,11 57 15,77 «56
14.30 60 15,82 261 2l.12 .15 19.30 56 21.17 «55
19.68 57 21.31 57 28.28 54 2465 «54 26,87 «53
26,06 -1 28,44 52 36.84 «37 31.83 oh? 31.87 «48
32.12 w48 37.76 .40 44.87 «21 42.54 «26 42,59 29
42.87 26 45,45 19 54.11 «08 53.95 <08 S4.12 10

54.33 +09 54.23 «07

X= 0.00 X= 2+¢54 X= Teb2 X= 15.24 X= 30.48
Z URMS Z URMS Z URMS z URMS 2 URMS
S5.08 0,00 3.81 0.00 1.27 0.00 0.00 0.00 0.00 0.00
S.13 55 3.86 24 1.32 »28 «05 25 «05 51
S5.26 48 3.99 26 1.45 «32 18 40 .18 49
5.37 45 4.10 28 1.59 ¢33 «33 43 «31 51
5.50 «48 4,21 «29 1.70 33 «50 46 W46 53
6.23 +«54 4,45 032 1.85 «33 72 «51 93 «58
T.61 «58 4,64 ¢35 2.00 o311 l1.07 o48 1.63 «67
9.82 «58 4,80 «39 2,13 33 1.88 34 3.12 1,00
12.19 56 5.53 1.24 3.86 o34 3.19 51 4,90 1.53
14406 56 5.73 «73 Se67 1.10 4.95 «95 6,63 1.76
17.57 «55 6,70 58 6465 1.27 6.79 1.19 10.20 .82
21.22 +58 8.39 59 10,13 67 10,36 60 13.82 61
26.48 52 11.99 56 13.71 «58 13.99 57 19,54 57
31.93 48 17,33 57 16,13 «55 17.55 55 24.53 «53
40,89 «33 22,66 55 24.55 53 23.46 «54 31,68 ohH
46.14 22 28,01 51 31.58 .48 28,63 +51 38.77 +36
54,02 W09 35.33 N Y4 41,39 33 37.16 «42 46,42 23
44,12 26 53.72 .10 44,60 «26 53.90 «09

53.77 «07 54,01 o10

URMS RMS OF LONG. VELOCITYFLUCT. IN M/SEC
X DOWNSTREAM DISTANCE FRCM GREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.3b Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

sassosassnsessonss AMS OF LONGITUDINAL VELOCITYFLUCTUATIONS ®atscescestaoscas

X= -81.28 X2 «40.64 Xz =25,40 Xz «20,32 Xz ~15,24
2 URMS 4 URMS 4 URMS ¥4 URMS ¥4 URMS
0.00 0.00 0.00 0,00 0,00 04,00 0.00 0,00 1.27 0.00
« 09 «T1 «09 72 «09 71 « 09 -1} 1.36 Y-X)
23 71 23 o 74 22 75 24 .70 1,50 60
»34 «T6 +35 71 «39 72 XY 73 le62 58
260 W71 62 «68 obh T4 «67 «78 1.91 .12
1.11 70 1.09 « 75 +94 77 l1.16 o717 2.42 69
1.87 «69 1,89 o764 1.12 o78 1.96 75 2.9 o617
2.59 «69 3.i0 72 l1.43 78 3.14 «75 3,95 o867
3.94 «68 T.28 64 2.37 79 5.94 65 %425 066
6.23 65 11.78 61 3.78 72 9.34 «59 7.60 «60
10.36 o61 16.32 58 T.12 55 14.47 58 10.37 060
14.54 57 21.78 «58 14,25 -7 21,74 «57 14,51 +58
21.69 «57 29.20 +51 21.78 57 28497 48 2l.72 +56
28.78 52 36465 +34 28.84 311 3644 »35 28.75 50
35.99 «39 44,18 026 36435 45 43.64% 26 36416 o4l
43,16 27 93,29 ell 45413 28 52.87 o1l 44,49 27
53.14 .13 53,05 13 53.10 08
X= «10,16 Xz =2.54 X= 0.00 X= 2.54 X= 10,16
4 URMS 4 URMS 4 URMS z URNMS Z URMS
2.54 0,00 4,46 0.00 5,08 0,00 4,46 0.00 254 0,00
2,63 67 4,53 73 S.17 «68 4453 1.23 2463 «95
2.76 +«58 4.67 «60 5.29 62 4,68 1.24 2,77 «99
2.93 +«55 4,84 53 S.46 o862 4.92 69 2497 1.03
3.20 57 5.37 57 5.67 63 5423 62 3.27 1,06
3.71 63 6.12 +59 54,95 61 S5.77 66 3.66 1,08
4.18 63 T.12 «57 6.40 « 65 6465 67 3.96 90
4,95 +58 8.45 57 7.19 65 T.97 «Hé S5.18 71
5.95 61 10.5% +55 8.01 «59 10.78 +60 7.09 +65
8.01 60 13.02 +54 9.27 7 14,52 «56 10,72 60
11.16 56 16.81 55 10,52 +56 21465 +«58 14,71 57
14.68 55 22.24 «54 13.30 «58 ¢9.01 54 21.72 «58
21.58 57 29,51 «51 17.72 «5Y 37.65 42 28.44 53
28.70 249 AT.47 «40 22.11 «55 44434 °22 36,54 4S5
36.28 35 45,61 21 29.95% «49 52.95 12 44,51 29
44,55 21 53.11 10 37.50 o4l 53.05 19
53.03 10 45,50 26
53.24% olé
X= 17,78 X= 20,32 Xz  25.40 X= 8l.28
z URMS Z URMS 4 URMS 4 URMS
«64 0.00 0.00 0.00 0.00 0.00 0,00 0.00
T2 «83 « 09 55 «09 B3 «09 «80
«87 «96 «23 «82 223 98 22 o84
1.04 1.15 +38 95 .38 1.01 .60 «81
1.29 1.2% .62 1.06 «68 1.14% 52 «89
1.77 1.45 «93 1.23 1.39 1.33 1.64 «97
2.07 1.43 1,23 1.33 1.87 1,40 3.61 1.04
2.52 1.42 1.78 1.51 2.58 1433 6,83 1.02
3.70 93 2450 1.30 4443 «99 10.92 .81
5496 71 3.96 «87 6,91 oTé 13.82 .70
9.09 65 7.01 71 14.24 1] 21.20 «59
14.39 57 10,58 62 2l.22 «59 28,69 54
21.29 57 14,35 59 ¢8.66 -13 36.54 «43
28.56 52 21424 «60 36.74 b4 44,01 «33
36.33 bl 28453 51 44,84 Y4 52452 .19
44.52 e 26 36,51 40 52.61 17
52.69 15 44,22 29
52.78 «15

URMS RMS OF LONG. VELOCITYFLUCT. IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
Z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.3c Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 6, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

SesansEnoenaRsnene RMS OF LONGITUDINAL VELOCITYFLUCTUATIONS essssssanzonssens

X= «50,80 Xe «35,56 Xz =20,32 Xz «12,70 Xz =7,62
2 URMS Zz URMS Z URMS Z URMS Z URMS
0,00 0,00 0,00 0.00 1.69 0,00 2.96 0.00 3.81 0,00
05 67 « 05 266 le74 Y-T4 3,01 65 3,85 63
.18 67 .18 »69 1.87 W62 3.16 62 3.99 +59
«31 «68 «35 +69 201 58 3.29 +56 4,12 53
43 266 46 «69 2415 58 3.42 54 4424 «50
.78 69 «73 «70 2452 61 3.70 «54 4,66 52
1.37 «70 l1.66 «73 3.29 o664 4443 «58 5.29 54
2.06 70 3.52 oT1 4469 x-13 5.93 «58 Te2? 55
3.49 068 5.90 «67 6.76 62 Te49 «57 10.83 52
5.33 «65 8.29 «63 10,74 «59 9,46 55 15.32 51
T.06 .64 10.89 61 16,32 57 13.13 «55 19.74 51
10.63 61 14,39 «59 17.99 P-1] 16,18 «54 25.16 «48
14.23 «60 17,93 57 23.27 317 21.56 52 32.32 42
19.62 57 23.29 56 28.79 49 28.76 046 39.42 «30
24.93 +54 28,67 51 35,75 «39 38,76 31 46,66 17
32.07 %7 35,86 «35 42.93 °26 45.43 21 54.50 07
40.50 32 43.12 24 54,33 «06 S4,.43 .08
47.18 12 54,36 +09
54436 «06
X= 0.00 X= Te62 X=  12.70 X= 30,48
z URMS Z URMS 2 URMS z URHKS
5.08 0.00 3.81 0,00 2096 0,00 0.00 0,00
S5.13 «59 3,80 «67 3.01 «64 «05 60
5.26 «S4 3.99 « 72 3.14 +66 18 63
5.39 48 4,12 «75 3.28 67 «36 67
5.51 «48 4,23 «15 3,4} «69 248 «73
5.83 a7 4,66 «63 3.73 +66 81 » 79
6.21 «50 5.55 55 4.31 +93 181 «84
6.86 52 7.13 +53 5431 3-1) 6.93 58
8.71 #51 8,87 51 B.52 53 10,48 50
10.85 «50 11.32 .49 10.67 ol 15.75 «50
14.44 049 15,89 49 14.38 49 21,13 48
19.89 48 21.63 a7 19,58 «48 28,30 42
25.29 45 28455 42 25,08 46 35.46 36
33.31 «37 35,70 «36 32.17 «38 44,43 «20
40.31 29 44,87 22 39.44 23 53.98 «08
47.19 .19 54,24 07 46,38 oll
54.50 «09 54,36 06

URMS RMS OF LONG. VELOCITYFLUCY, IN M/SEC
X DOWNSTREAM OISTANCE FROM CREST IN CM
z HEIGHT ABOVE UPSTREAM SURFACE-LEVEL IN CM
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Table 1.3d Triangular Hill Model, Height 5.08 cm, Halflength He%ght
Ratio 20, Surface Roughness Smooth, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

SRBBEBGUOARERBROOSE RMS OF LONGITUDINAL VELOCITYFLUCTUATIONS #00883000508n008e

X=2«127,00 X=~101.60 Xz =76,20 Xz «50,80 = ~25,40
z URMS 4 URMS Y4 URMS 2 URMS z URMS
0,00 0.00 0.00 0.00 L.27 0,00 2054 0,00 3.81 0.00
» 05 71 «05 o711 1.32 o712 2459 o 74 3.86 o 73
.18 «73 18 73 145 72 2.72 73 3.99 72
«33 71 +33 71 1.60 6T 2.87 +68 4.1l b7
»59 o71 «60 71 1.84 «70 3.37 «65 4,33 «68
1.11 o 72 1,37 «73 2430 «69 412 «68 4,84 .68
1.88 75 2.5% 73 3.33 «71 $5.70 «68 S.84 266
3.43 o TA $5.01 +69 4,93 69 F.00 «63 8.82 1]
6.01 «70 8,63 «62 8.53 »65 12.68 60 12.82 «60
9.98 64 12,87 «60 13.95 «60 19.67 59 16,90 «58
14.56 59 17,41 59 21.38 57 28,00 51 24,481 «S4
2156 56 23,98 54 2B.57 «51 35,44 43 33,16 %6
29.58 50 31.00 49 35,78 okl 43,27 «30 42,44 +31
36.68 o41 368.31 «37 44,45 «28 52,59 «l4 52,47 16
44,61 «24 45,34 «27 52.72 13
52.95 o14 53.07 +13
Xz =»5,08 X= 0.00 X= 5.08 X= 50,80 Xz 101,60
r 4 URMS s URMS r4 URMS Z URMS 4 URMS
4.83 0.00 5,08 0.00 4,83 0,00 2e54 0.00 0400 0.00
4.88 «75 5.13 o 76 4,88 77 2459 o177 05 63
S.00 71 5.26 67 5,00 «82 2.72 75 »18 +82
S.13 66 5.37 64 5.16 «84 2485 74 067 76
S.40 67 S.61 69 5.39 77 3.12 .78 1.30 .79
5.88 62 6411 «64 5.88 «70 3.60 «80 2.78 79
6.86 +66 6.84 63 6.85 «63 4,56 o 79 Seld o 70
8.97 «59 8,09 +64 8.58 «65 6437 064 8,61 66
12.41 +60 11l.41 «60 12.30 «be 10.20 50 12.40 «65
15.95 «59 15,20 57 17.28 «60 18,75 «61 16.48 o6l
19.83 «56 19,50 «56 22.63 «58 22490 58 23,34 «59
26444 54 26,93 51 29.67 52 30,10 «52 30,90 52
33.78 47 33.59 45 37.12 odl 37.34 «45 37.90 42
42.35 «31 42,39 «36 44,68 +32 44,57 «30 45,31 26
52.18 elb 52,28 .19 52.59 oi? 52.19 w14 52,13 o1&
X= 152.40
F 4 URMS
0.00 0.00
05 71
«30 69
«56 «73
1.19 73
2,59 77
5.60 71
8.98 +65
12.77 o560
16.12 «60
23.49 59
30,60 «48
38,05 «39
44.78 .28
52.62 .18

URMS RMS OF LONG. VELOCITYFLUCY. IN M/SEC
X DOWNSTREAM DISTANCE FROM CREST IN CM
2 HEIGHT ABOVE UPSTREAM SURFACE-~LEVEL IN CM
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Table 1.3e Triangular Hill Model, Height 5.08 cm, Halflength Height
Ratio 4, Surface Roughness Gravel, Freestream Velocity
9.14 m/sec, Neutral Thermal Stratification

soscosesssssnsoses RMS OF LONGITUDINAL VELOCITYFLUCTUATIONS 9esccsvesssasnees

Xz «40,64 Xz ~30.48 XK= «20,32 Xz «=159.24 Xz «10,16
2 URMS r4 URMS z URMS r4 URMS y4 URMS
0.00 0.00 0.00 0,00 0.00 0.00 1.27 0.00 2454 0,00
36 o716 34 o719 34 «70 161 «72 288 o7
a7 «83 +60 +86 «60 79 1.87 o 76 3.l14 o 78
« 60 «85 .88 «89 +83 <86 2,15 «78 3.39 .78
. T1 87 1.38 «93 1.33 96 2.64 o84 3.89 75
2453 94 2435 94 2433 93 3.59 W91 4,87 82
4,80 +89 4,55 «88 Qeth «93 4,91 «93 1493 «82
B+40 .83 B.38 83 8.01 87 8.24 .82 11.44 o7
12,01 81 12,02 79 11.60 YA 11,82 «80 18.77 o 70
19.07 «70 18,85 o 70 18,74 58 19,10 .69 25,89 bl
26.28 60 26,05 «59 25,95 59 26403 56 32.98 50
33.46 obh 33.13 «46 33.15 045 33.12 a7 41,69 «30
42.04% 27 41.68 «28 41,60 23 41.78 «28 S51.70 o1l
52.09 .10 51.61 oll 51,51 o1l 51443 12
Xz =5,08 X= 0.00 X= 5,08 Xz 10,16 x= 20,32
2 URMS z URMS 4 URMS Y4 URMS z URMS
3.81 0.00 5.08 G.00 3.81 0,00 254 0.00 0,00 0,00
4,15 «84 542 rY-23 4.1% 85 2.88 54 34 35
4,41 79 5,68 T4 4441 1.32 3.14 +«85 60 «53
4.69 o718 593 71 4.69 1.37 3.37 1,08 +«85 +65
5.18 o715 6442 72 5.16 «91 3.84 1,35 1.09 «82
6.14 « 77 T+40 o717 6,14 79 4.87 lelé 1.33 «93
796 o717 9.18 «81 8.36 +81 T.38 79 1e98 1.12
11.62 «75 12.00 «79 11.22 A 17.68 «78 1.83 1.19
15.11 T4 15.59 Tl 14,88 59 l4.44 o 12 2.08 1.33
22.22 67 22.56 62 22.19 .65 22.13 .65 2458 1.39
29.40 «56 29.61 56 29,15 «53 29.25 «54 3,33 1.33
36,86 b4 36,68 o4l 36,46 T4 36.39 37 4,82 1,06
43,73 .22 43,81 27 43,68 27 43,65 22 T.73 «85
50.94 o1 51463 o112 51,36 .12 $1445 10 14,91 o7
21494 066
29.10 «55
36.37 «37
43,21 »25
50465 12
Xz 40,64
2 URMS
0.00 0.00
o34 .82
«60 87

1.12 1.02
1.83 1.16
3.08 1.31
3.95 1.29
6,15 1.05

10.82 «84
15.50 75
22.57 «65
29.68 53
36.83 42
43.98 27
S51.40 *15

URMS RMS OF LONG. VELOCITYFLUCT, IN M/SEC
X DOWNSYREAM DISTANCE FROM CREST IN CM
4 HEIGHT ABOVE UPSTREAM SUKFACE-LEVEL IN CM
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FIGURES



AUXILIARY

Y INTAKE
F e I /.1 1 ‘Ar_ga Tz ¥ 2 FE g o T r_t A x z "&(t PR DR Y =
| 2 %
2, { .F',REFRIGERANON& == ~ E
} 3 O 1
/,’, ji B HEATING COILS ‘A|R TEMP. 93°— 4°C PR _2_,_6._5": L. l/ b\\ ;
— —_— . ) AR et e L ;
T’?,, ; i!} AIR FLOW ( VEL.0.6-36 m/s) | ~~-- -l'!—"'i it L g
2 li LT ROTATABLE
] L2 [ REFRIGERATION CONTROL w | VANES
UNIT 150 tons ROOM
| *ﬂ 5
| & REENS i F
S ’, AUXILIARY
\\\\t‘—~+-‘ —_———— 1183 UPWIND ROUGHNESS ELEMENT ————pp 2.{)6 4{:,, —exnavst T
\\‘\\ 5'5 ’ I ’J b
o~ fe——— — 10 —t— 12 — - BUILDING MODEL ;
! COOLED FLOOR BOUNDARY HEAT SOURCE TURNTABLE
5.5 — OR SINK, 0°—149°C !
e 27 TEST SECTION - - =] F
B
PLAN
t._‘____,_. O, 878 oo e e _ﬂ_.._..j
ADJUSTABLE CEILING FOR
; ’ .~ RETURN  DUCT /LONGITUDINAL PRESSURE CONTROL
|
! SCREENS s EEEE et i by e AUXILI ARY
, > _ ) 1 EXHAUST
55 apjogjoo
| AIR FLOW = e s
—_—‘ﬂ—
;/4 2777777777777, ////‘}/II////I;/////// 227777777777 7777777777777777777727777777727777777777777777777777777 7777777777,
i MOVABLE VANES

BUILDING MODEL

Figure 1. METEOROLOGICAL WIND TUNNEL (Completed in 1963)
FLUID DYNAMICS & DIFFUSION LABORATORY
COLORADO STATE UNIVERSITY

¢S



54

BOUNDARY-LAYER TRIP

<+—FLOW

START OF UP RAMP - FALSE FLOOR

START OF HORIZONTAL FLOOR
END OF UP RAMP

CREST OF MODELS

START OF DOWN RAMP
END OF HORIZONTAL FLOOR

END OF DOWN RAMP - FALSE FLOOR

—HILL

<

56m

7im

RO ettt |

—~| .9m |—-1.45m—}-

Model Installation in the Wind Tunnel

Figure 2.



CREST

HEIGHT-LENGTH

LOCATION OF STATIC PRESSURE TAPS

HILL SHAPE
RATIO ALONG SURFACE OF HILL
(Dimensions in Centimeters) ]
h=2in. N~~~
n 172 Tlsllolnsllr.zt;z.-TZaTz Dt H e+ By O b (N - (N o O ]
b=8in. coococoo = = = =
h=2in. < < < < 0 I N <
2 173 ey —mbee i) — e i) — e ) e 0 YOFN NN NN ) g 1Dy
h b=12in. o 3 o o~ N POC === A o
T — h=2i
=Z2in. < < [ | L < < <
b . /4 )~ 1) 5..T5..T5L2¢ +2+2+2..;5L15L05..T5.._
TRIANGULAR-SHAPED| B ='6in. o o o & @7F7FT
h=2in. ® o ® < TN Y T ¢ ¢ ¢ ¢ g T
1/6 PO O - O O PN 40 0 4 L D0 10 L0
b=24in. 0 0 0 AN ata e o a T T
h=2in. _ < ~ T TT M N O~ o~
1/72 o O a1} IlL..ﬂ_ITNicZ..TN 4. OHOHOHO b N o N oo N e O f
b=8in. = N - = = <ZJg00ccgo = = = =~
h=2in. < < < < I3 ~ N~~~ T
— 2 /3 e G b ) e ) e ) e ) ] N+U+2+2+2.T.5 ) —f
3> b=12in. N o N ~ o - = o o
ey — h=2i
=cin. < < s < I < <
b /4 e b g b A b ) e ) b N ORI N D ) o ) e ) e 1)y
SINE SHAPED b=16in. S S L it bttt
h=2in. ® ® ® e ¢ ¢ ¢ ¢ ¢ g ¢
I/6 e © b O b © e gy b DEIN 0 0 04 10 4 0 L0 LD 10
b=24in. 0 0 ['o BN V] NN N NN NNWN

Figure 3. Location of Static Pressure

Instrumentation on the Hill Models
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APPENDIXES
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APPENDIX A: INSTRUMENTATION

Data tabulated in tables,
2-2, 2-3, 2-4, 2-6, 2-8, 2-10, 2-11, 2-12, 2-13
3-2, 3-3, 3-4, 3-6, 3-8, 3-10, 3-11, 3-12, and 3-13 was attained with
the following instruments: static and dynamic pressures were measured
using the static holes of a pitot-static tube. The tubes were connected
to MKS Baratron Pressure Meters (Type 77). The pressure meter outputs
were connected to digital voltmeters, TSI, model 1076, with an averaging
circuit of 10 seconds.
Data tabulated in tables
2-1, 2-5, 2-7, 2-9, 2-14
3-1, 3-5, 3-7, 3-9, 3-14
4-1, 4-2, 4-3, 4-4, and 4-5,
was attained with the following instruments. The hill model was
placed directly on the aluminum floor of the wind tunnel, 21 m
downstream of the boundary layer trip. Static and dynamic pressures
were measured using a disk-static pressure probe and a Kiehl-total
pressure probe. The tubes were connected to MKS Baratron Pressure
Meters (type 77). The output of both meters were connected to
Integrating Digital Voltmeters DYMEC model 2401C. Both signals were
integrated over 60 seconds.

At the same location and at the same time turbulence velocities
were measured. A constant temperature anemometer, TSI model 1051-2
was employed to operate platinum alloy hot wires. The anemometer
output was connected to two digital voltmeters, TSI, model 1076 to read the

d.c. resp. the rms voltages with an averaging circuit of 10 seconds.
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APPENDIX B: EXAMPLE TRANSFORMATION OF DATA
TO PROTOTYPE SITUATIONS

Since every effort was made to maintain geometric, kinematic, and
dynamic similarity the laboratory results should scale directly to a
similar prototype situation. One must look for equivalence in hill
shape, average aspect ratio, roughness to hill height ratio, thermal
stratification and hill height to gradient windheight ratio. 1In the
following example crest values of velocity, pressure, and rms longitudinal
turbulence are prepared for flow of an adiabatic atmosphere over a
triangular shaped hill where

hm = 5.08 cm
U, (th)m = 9,14 m/sec
(h/L)m = 0.67
(zo/h)m = 1.5 x 10'4
(6/h)m = 10.5
The prototype situation considered will be for an adiabatic atmosphere

over a half sine wave shaped hill where

h =100 m
P

1]

UO(BOm)p 5 m/sec
(h/L) = 1.0
)p .

(zolh)p =1,5x 10

§/h) = 10.5.

s/ )p
This implies a field situation where z, = 1.5 cm which is generally
considered to be for flat or gently rolling, open country with very few
obstructions. Gradient wind height would be approximately 1000 m which

is appropriate for the given roughness and wind speeds for latitudes

near 33°. Length scale ratio, LR, will be 1/1969.
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Velocity Profile: To calculate the prototype velocities at a

given x, z location with respect to the hill crest the following

relation is appropriate.
Um(x « LR, z * LR)

UP (x,2) = U0 (30 m) Uo (30 x IR)
m
Um(xm, zm)
Up (x,2) = 5.0 U0 (1.52 em)
m
where X (cm) = x/19.69

z, (cm) = z/19.69

Static Pressure Profile: To calculate the prototype static pressure

variation at a given x,z location with respect to the hill crest the
following relation is appropriate.

p(x,z) - p, pp(x IR, z *LR)

C (x,2z) > = 5
P 1/20U_“(30m)  1/20U_ “(30 - LR)
m

pm(xm, zm)

Cp(x,2) >
1/2pU0 (1.52cm)
m

Longitudinal Turbulence Intensity Profile: To calculate the proto-

type longitudinal turbulent intensity variation at a given x, z location

with respect to the hill crest the following relation is appropriate

U (x * LR, z * LR)

rms

U.(30 * LR)

o m
Urms(x’z) - Urms(xm’ zm)
U0(30 m) ) U0 (1.52 cm) o

Typical values of velocity, static pressure coefficient, and
turbulent intensity are plotted as compared to their upstream values as

shown in Figure B-1.
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