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Figure2. Same as Figure 1 except the area covered is referred to in the text as Map B and the original
contour map was specially prepared for the Askervein study at a scale of 1:5 000; see text for further
details. Heights are in metres above sea level and the contour interval is 10 m. Topographic features

to the north and east of Askervein have been blanked out as they were incomplete on the original
map.
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Fig. I. Photograph of 10 m mean flow posts deployed along the A line during the Askervein "82
experiment.




Instrumentation
e Lots of cup anemometers, mostly on about fifty
10-m posts — GiIll, Casella, Vector, Friedrichs
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Boundary-Layer Meteorology: Search, Askervein — 31 papers

BOUNDARY-LAYER FLOW OVER TOPOGRAPHY: IMPACTS OF THE
ASKERVEIN STUDY

JOHN L. WALMSLEY

Atmospheric Environment Service, Downsview, Ontario M3H 5T4 Canada

and

PETER A. TAYLOR

Department of Earth and Atmospheric Science, York University, North York, Ontario
M3J IP3

Canada

(Received in final form 20 October, 1995)

Abstract. One of the objectives of the Askervein Hill Project was to obtain a
comprehensive and accurate dataset for verification of models of flow and
turbulence over low hills. In the present paper, a retrospective of the 1982 and
1983 Askervein experiments is presented. The field study is described in brief and
IS related to similar studies conducted in the early 1980s. Data limitations are
discussed and applications of numerical and wind-tunnel models to Askervein are
outlined. Problems associated with model simulations are noted and model results
are compared with the field measurements.
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Fig. 3. Parameter space diagram — field studies of boundary-laver flow over hills. See Table [ for additional
details.




Run TU-03B, ® =210 , October 1983

Meaght. &2 (m|

Y 44

Date Run Time Duration Mean wind RS profile data® Ri* z/ ¥4
number (BST) (hr) at R§*

u,(ms~"') zo(m)
Mon03  TUO03-A 1200-1300 1.0 210/9.8 0.63 0022  -0.0038 -0.015
~B  1400-1700 3.0 210/8.9 0.57 0.020  -0.0074 -0.004




Raw Data — Mean Flow

Table 3.1 Designated mean flow (MF) runs during Askervein '83 and directional
grouping.

{a) Run Details
Table 3.1 (Continued)

Mean*
Run Time Mean* Direction Duration, Mean*
Date Number BST Velocity, ms—! °Grid +5° Rit Hours Run Time Mean* Direction puration,
Sept. '] Date | Number BST velocity, ms~] °Grid +5° R+ Hours
Fri 07 | MFOT-A | (0230-0500) 8.5 260 0.0046 2.5
Sun 25 |MF25 (1600-2130) 5.0 210 0.00983 5.5 MFO7-B | (1200-1400)7 9.0 2404 0.0004 2.0
MFO7-C | {1400-1600) 10.0 2554 0.0005 2.0
Mon 26 |MF26-A | (0000-0500) 6.0 180 0.0161 5.0 MFO7-D | (2200-2300) 11.0 270 0.0029 1.0
MF26-B | (0900-1000) 8.0 210 0.0043 1.0
MF26-C | (1900-2100) 7.8 220 0.0097 2.0 sat 08 | MFOB (0200-0400) 9.0 280 0.0045 2.0
MF26-D | (2100-0200) 7.1 225 0.0110 5.0 |
- | |sun 09 | MFD9-A | (1800-1900) 11.0 215 0.0025 1.0
Tue 27 [MF27-A | (0300-0430) 6.1 235 0.0126 1.5 [ MFO9-B | (1930-2030) 10.2 283 0.0038 1.0
ﬁ MF27-B | (0430-0700) 5.9 245 0.0134 2.5 MFO9-C | (2130-2230) 9.1 268 0.0034 1.0
it
"~ |Wwed 28 |MF28-A | (0400-0600) 6.8 090 0.0078 2.0 Mon 10| MF10-A | (0030-0200) 9.0 263 0.0045 1.5
— MF28-B | (0600-0B0O) 6.5 095 0.0109 2.0 MF10-B | (0230-0330) 8.8 265 0.0040 1.5
MF28-C | (0800-1000) 7.2 100 0.0133 2.0 |
MF28-D | (2000-1000) 6.0 105 0.0167 14.0 |
.0 130 0.0084 3.0
.5 135 0.0103 7.0
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based on run-averaged wind monitor data from RS

Based on temperature and velocity differences (4.9m-16.9m) on RS 17m post
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Reference data available only 1300-1400
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Fri 30 |MF30-A | (1600-1%00)7 12
MF30-8 | (1900-0200) 1

Dct.'83

Sat 01 |MFO1-A | (0200-0500) 140 0.0091 3. |
MFO1-B | (0500-0900) 145 0.0059 4.
MFOT-C | (1030-1200) 170 0.0028 1.
MFO1-D | (1400-1600) 180 -0.02053 2.
MFOT-E | (1700-1830) . 185 0,01035 1.
MFO1-F (2100-2400) . 210 0,01$1' 3.

|

Sun 02 |MFO2-A | (0200-0700) . 210 0.0166) . [
MFO2-B | (1400-1600) 165 0.0026/
MFO2-C | (1600-2000) 165 0.0074/

Mon 03 | MFO3-A (0200-0600) 205 0.3
MFO3-B | (0700-1000) 210 0.0116
MFO3-C (1130-1300) . 210 -0.o0017
MFO3-D | (1400-1700)

Tue 04 |MFO3-A | (1000-1300)
MFO3ZB | (1830-1930)
MFO3LC | (2300-2400)

Wed 05 | MFO5-A | (0000-0200)
MFO5-B | (0300-0700)
MFO5-C Euanu-ngun
MF05-D | (1030-1130
MFOS-E | (1330-1700)




Askervein '83, Raw Data — Tala Kites and Turbulence Runs

Table 3.2 ASKERVEIN '83 - TALA Kite Profile Runs (BRE and AES)
Date Run No.| Duration | #RS™ | Riyp Lacations Comments
01 Oct.|a) TKO1-A | 15:00-16:00 | 180° | -0.0142 | Coastal Site* 6 Standard Kites (BRE)
b) TKO1-B |16:30-17:30 | 180° | +0.0104 | Coastal Site* 6 Standard Kites (BRE)
- data from 4 kites
avail. 14:20-18:10
16:30-18:00 | 180° Approx. midway | Single kite (CAN)
between HT & CP| with data normalized
wrt 10m winds at HT

02 Oct.|a) TKO2-A |12:30-14:00 -0.0128 | Near HT Single Kite (CAN).

b) TK02-B |13:30-15:30 | 165° | -0.0017 | Coastal Site* ] Standard Kites
(BRE), Data awailable
13:00-15:50

03 Oct. TKO3 15:00-17:00 | 205° | -0.0040 | Coastal Site* 6 Standard Kites (BRE)

15:15-17:15 205° On downwind Single Kite (CAN}
hillside

05 Oct. TKOS 14:45-16:45 | 305° | -0.07105 | ASWES Single Kite (CAN)

15:15-16:45 | 305° Between HT & CP| Single Kite {(CAN)

07 Oct.|a) TKO7-A |13:00-14:00 | 240° | +0.0013 | Coastal Site* 4 Standard Kites
(BRE) - variable
winds. Data also
available 14:00-14:30

b) TKO7-B [16:15-17:30 | 260° | +0.0071 | ASWBS Single Kite (CAN)
16:15-17:30 | 260° Between HT & CP| Single Kite (CAN)

10 Oct. TK10 10:15-11:45 260° | +0.0003 | ASW8S Single Kite (CAN)

10:15-11:45 | 260° Between HT & CP| Single Kite (CAN) -
no HT normalizing
data.

+Based on Windmonitor strip chart.

*Coastal Site kite profiles combined with RS tower data to give single

upstream profile.

TABLE 4.7 DESIGNATED 'TURBULENCE' (TU) RUNS
OBTALNED DURLNG ASKERVEIN '83 AND
DIRECTIONAL GROUPING
(a) Run Details
(2)
RS PROFILE DATA (3) (4)
RUN DURATION |MEAN WIND Ri Z/L
DATE NUMBER |TIME (BST)| (HRS) | AT RS (1)| wy,ms~l} Z ,m
Sept.'B83
Sun 25 | TU25 1600-1700 1.0 210/5.5 0.37 0,024 |-0.0083 | -0.029
Mon 26 U286 1000-1400 4.0 220/7.0 0,49 0.026 [-0.0116 -
Fri 30 TU30-4 1130-1300 1.5 135/7.8 0.54 0,030 (+0.0005 -0.005
=B |1600-1700 1.0 130/13.0 0.85 0,028 |+0.0051 -
Oct, '83
sat 0l | TUOl-A |1200-1400 2.0 170/9.2 0.63 0.023 |-0.0228 | -0.030
-B  |1400-1600 2.0 180/9.0 0.55 0.013 |-0.0205 | -0.026
-¢  |1700-1830 1.5 185/7.5 0.49 0.022 [+0.0103 | +0.001 i
-p  |1930-2000 0.5 200/7.5 0.49 0.017 |+0,0205 | +0.008 .
Sun 02 | TUO2 1400-1600 2.0 165/10.0 0.69 0.029 [-0.0026 - “
Mon 03 | TUO03-A |1200-1300 1.0 210/9.8 0.63 0.022 |-0.0038 | -0.015 -
-B | 1400-1700 3.0 210/8.9 0.57 0.020 |-0.0074 | -0.004
L]
Wed 05 | TUO5-A [1030-1130 1.0 285/9.5 0.64 0.020 |-0.0011 | -D.01l6 E
-8 |1330-1530 2.0 305/7.8 0.51 0.014 |-0.0073 | -0.012
-c |1530-1700 1.5 300/7.5 0.45 0.009 {-0.0118 | -0.016
-p  [1800-2100 3.0 300/5.0 0.38 0.039 [+0.0461 -
Thu 06 | TUO6-A [l430-1600 1.5 212/11.0 0.75 0.021 |+0.0002
-B  |1700-1800 1.0 228/9.2 0.64 0.024 |+0.0011
Fri 07 | TUO7-A |1200-1400 2.0 240/9.0 0.63 0,027 |+0.0004 -
-B 1530-1700 1.5 260/10.0 0.66 0.022 |[+0.0009 =0.008
(1) prom AES Wind Monitor at AZ = 10 m (*Grid/ms™l)
(2) From Lowest~l0 m of Profiles Plotted in Figs. 4.1
(3) Based on temperature and velocity differemces (4.9 m - 16.9 m) on RS 17 m tower
(&)

Ratio of height (10 m) to Monin-Obukhov length (L) from sonic anemometer at
AZ = 10 m at RS,
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Fig. 6. Sample plots of normalized wind speed at Az = 10 m along A and B lines, Askervein "82. (a) A line;
(b) B line. T mean of 30 min values, error bars denote one standard deviation; { ) questionable data;
MS3DJH/3 model results.
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Simple Guidelines estimates, GLW: A=3.5-4,B=1.8- 1.6
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Fig. 2. Normalized wind speeds at HT as a function of ¢, the wind direction at RS: guidelines
estimate, Az = 10 m; — — — — guidelines estimate, Az = 3 m; + Askervein ’82 runs, Az = 10 m; x Askervein
83 runs, Az = 10 m; O Askervein '83 runs, Az = 3 m.
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Fig. 4. L, A, and B as functions of direction: —— HT; —— - - CP.



Sample hilltop profiles, with kite and tower data
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HT Profile contours
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Fig. 7. Contour plot of fractional speed-up ratio, AS, at HT as a function of height, Az, and RS wind
direction, ¢. Based on data from 1982 and 1983 experiments. The dashed portion of the 0.2 contour indicates
an area with limited data. The 1.3 contour is dashed to indicate a different contour interval.
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Sample turbulence statistics, RS + upwind hill foot
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Fig. 4. Profiles of wind speed and integral turbulence statistics at RS and ASW60. {a) Run TUOI1-B,
@ = 180°. (b) Run TUO3-B, @ — 210°,

RS data: O Cup anemometers; + Sonic anemometers; x Tilted Gill UVW anemometers; ] Vertical Gill

ASWea0 data: [l Vertical Gill UVW,

UVW (10 m).
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Hilltop (HT) turbulence
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The main limitation of the Askervein dataset at the time of writing 1s the lack of
more extensive published wrbulence data for hilltop locations. Work 1s presently
in hand at Risg to rectify this limitation. It would be interesting to run a third
experiment at the site to obtain additional turbulence data, and perhaps to add

surface presswrc mcasurcments,




Hilltop (HT) turbulence




Inner Layer Depths

The formulae to be considered (JH, JEN and CL, respectively) are:
(€/ L)In(€] zp) = 2K,
(£/ L) In(£]20) = 267,

40- _
(£/L)In(¢/24) = constant.
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Fig. 8. Estimates and observations of inner-layer depth as functions of wind direction. Askervein hilltop

(HT). + observed height of AU_ .. ; O observed height at which Ag, = 0; Jackson-Hunt estimate

(TT87, equation (4)); ————— Jensen estimate (TT87, Equation (55)).




The roughness length anomaly

Table 3.7: Profile-derived z, and us values at CP and BSEI0 during
selected MF rums, Oct. 7-10, 71983.%*
cP BSE 10
Run z,(m) u,[ms'1} z,(m) u,{ns'1}
MFO7-A 0.0003 0.43 .0011 0.55
MFO7-D - - Loono 0.68
MFD& - - .ooos 0.53
MFO9-A g.o0z2 0.64 . 00086 0.58
MFO9-B g.oo7 0.85 L0013 0.60
MFO9-C 0.0007 0.56 .0009 0.59

MF10-A
MF10-B

0.0006
0.0007

Based on winds measured at 0.5m and 3m lewvels.

*gae discussion in text with regard to the interpretation of these wvalues

(2)
RS PROFILE DATA

u*,ma'l Zﬂ,m

0.37 0,024




Some Conclusions

e Simple,

linear models (MS3DJH, MSFD)

appear to predict speed-up well on upwind

side of t
Good S

ne hill, and at hilltop locations.
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Participants in the experiment relaxing at the Lochboisdale
Hotel. Back row 1left to right: Elizabeth Moughton (ERA),

. W poter Taylor (AES), David Redfern (BRE), Tony Bowen (U. of

. ¢aigary), Nick Cook (BRE), Rob Johnson (ERA), Jim Arnold

| (AES), Finn Hansen (Ris¢), Mogens Nielsen (Ris¢), Bob Mickle
. (AES), Thomas Burger (U. of Hannover). Seated: Karl Vanek
(AES), Hans Teunissen (AES), Kurt Pengel (U. of Hannover),

| Jim Salmon (CAN.), Masood Nourshargh (ERA), Niels Otto Jensen

(Ris¢). Seated on floor: Wes Kobelka (AES), Gunnar Dalsgaard
(Ris¢), John Deary (AES). Not in photo: Bob Delnon (ERA),

Doug Warne (ERA), Martin Shaw (BRE)
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