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PROJECT CROSSWINDS
by
" Barold L. Crutcher

INTRODUCTION

Aviation development is contingent upon the development
of adequate equipment, both in aircraft and in facilities.
In some cases, the development of aircraft has required the
development of new airports, of facilities, or a renovation
of existing airports and facilities. The prime requirement
of an airport is an adequate landing strip which will bandle
the majority of aircraft. The crosswind effect of the wind

upor.jl aircraft is a major conslderation.
~ PURPOSE

Frequency distributions of crosswind componsntis 10 a runway
are usually computed by using the individual wind observations.
It wvas the purpose of this pro,jéct t0 investigate the:.‘gge of
sumpary cards of wind distributions to produce a frequency dis-
trivution of crosswinds. To accomplish the objective of the
investigation, i.e., to determine the feasibility of using SMAR
Summaries or Summary Cards to produce crosswind components, it
was necessary to compute the crossw'ind components from individual
observations and then from summary cards. The following sections

descrive the procedures followed in this investigation.
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COMPUTATION OF CROSSWINDS

There are at least three possible ways to use the SMABR
Summary. These must be compared to the computation of cross-
vinds from the individual wind observations. As ap illustration,
Quonset Point, R. I., S.M.A.R. (Summary of Monthly Aerological
Records) No. 147688, Mar. 1945-Dec. 1952 is used. There are two
Runways: 160-340, and 050-230.. Table 2 is a copy of the S.M.A.R.
Tabulation, Page 1, Frequency of Wind Speed Groups (Knots). In
Table 3, these frequencies have been reduced to percentage |

frequenciass, usually termed percentages.

Chart 1 shows the crosswind components computed from the in-
dividual wind observations. | o

Chart 2 shows the crosswind components obtained through procedures

| outlined in NAVAER 50-1C-518.

Chart 3 shows the crosswind componeants calculated by desk
calculator. The assumption is made that the weight
of the class interval is at the center of the interval.
Trigonomstric sine functions ave tben spplied and class
intervals of ten knots are established for the cross-
winds.

Chart 4 shows tbe crosswind components for Runway 16-34 calculated
grapbically by plotting the data on a base plate /[circular
contingency wind rose_/ as shown in NAVAER 50-1C-518.

Runway 16-34 was then marked on the base plate. A pair
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of dividers wvas then used to determine the crosswind
components for each sector area of the circular con-
tingency wind rose {base plate).

The charts may be compared. The median for Charts 2, 3 and 4

are 1, 2, and 3 knots negative, respectively.

Chart 5 shows the crosswind components for Runway 05-23 computed
according to the method shown in NAVAER 50-1C-518.

The straight lines shown cn the arithmetic probability paper

indicate that tbhe crosswind components and the winds at Quonset
Point are normally distributed.

Appendices 1, 2, 3 and 4 give the procedures for computation of

‘values placed oo Charts 1, 2 (and 5), 3, lndhh.

Uses of the charts are illustrated in Charts 6, 7, 8.

i
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Appendix 1

{ ’ Determination of Crosswind Components from the Individual Winds

of the Station Reacord.

The runway is 3b.

The winds are given in 16 points of the compass or in
degrees from north.

The difference in angles between the runway and each wind
direction is dstermined.

The sine of this apngle is determined.

The product of the wind speed and the sine of the angular
difference is the crosswind component. ' '

Class intervals are established preferably -05.0 to + Ok.9

mph. (or knots) and then ten mph. on either side of this

 interval.

Each crosswind component is thsn distributed among the class
intervals. .
Calms are distributed to the central class :Lnterya::l; shown in
(6) above. e

Fig. 1 shovs tha} roprueﬁta.tion of one calculation.

Table 1 shovs the percentage frequency and the cumilated
percentage frequency distribution of these computed cross-

winds.
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Appendix 2

Determination of Crosswind Components by use of a Circular

Contigency Wind Rose.

The SMAR table on wind distrivution bas class intervals of
calm, 0-2, 3-7, 8-12, 13-20, 21-30, 31-40 and > k0 kmots.

Table 2 gives the S.M.A.R. table for Quonset Point, Rhode Island.

A base plate (polar cocrdinste diagram) [Fig. 2 ] 1s plotted
from the SMAR frequsncies as shown in NAVAER.

These may be actual or percentage frequencies. The latter
a.ré shown in Table 3. This provides a circular contingen'cy wind
rose. 7, 12, 20, 30 and 40 knots are the upper limits of the
class intervals sbown in the S.M.A.R., Summary. If other summariecs
use othsr class mperva.ls, then the upper limits of those class

" intervals must be used. Acetats strips of (2 x 7) or 1k, (2 x 12)

or 24, (2 x 20) or 40, (2 x 30) or 60, (2 x 40) or 80 knots are
prepered and a line is marked lengthvise down the center. The
scals of the acetate strips and the puc plate must be the sams.
By consequently placing these ctripa‘ oo the base plate (center
line on the runway in question), the class interval of the ex-
cessive crossvinds are thoss outside (not undsr) tbe strips.
Those frequencies to the right of the strip vill be considsred
as positive crosswinds; those to the left as negative. These
can be also idsntified by the direction from which they come.

By counting thes frequencies or percentage frequenciss outside of
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each strip, appropriate mipuia.tion will produce the crosswinds
in each class interval. Such manipulation is now explained.
For exampls, the winds to the right of the 3-7 interval, i.e.,
the 1k strip will contain all crosswinds greater than 7 knots.
These include those under the other strips. All of the
vinds to the right of the 8-12 interval, i.e., the strip marked
24 will include the remaining strips. Therefore, subtraction
of those crosswinds outside of the 2L-strip from those outside
of the lh-strip will give the positive crosswinds whic‘;h are
greater than 7 but less than 12. The percentage frequency
occurrence in each interval may then be destermined, cumulated

from negative to positive values and the accumulation in each

‘interval plotted on arithmetic probability paper. Interpolation

of the occurrence of any class interval value crosswind can then

" be determined. Too, combinations can be made. For example, the

negative crosswinds (from the left of the runway) can be added to
the positive crosswinds (from the right 6: the runwvay) to give
the percentage occurrence of crossvinds vithout regard to j-rhether
they are coming from tbe left or the right of the runvay.

Fig. 3 shows a lu-point strip for Quonset Point and the
percentage occurrence of crossvinds greater than 7 knots. PFig. L
shows a 2L-strip and the percentage occurrence of crosswinds greater
than 12 knots. Fig. 5 shows a simultaneous placement of the two
acetate strips. The area covered by only the 2hk-strip will give

the occurrence of crosswinds between 7 and 12 knots. This is also



determined by the difference between the crosswinds in excess
| ' ~ of 12 knots and those in excess of T knots.

Table 4 shows the percentage fregquency and the cumilated

percentage frequency distribution for the crosswinds thus

i
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Appendix 3

Computation of Crosswind Components From Wind Summaries in the

8.M.A.R. Tabulations for Quonset Point by Desk Calculator.
l. Here, Table 2, used in Appendix 2, is used again.

2. A tsble is set up, containing the sine of the angle of the
difference between the runway and the point of tha compass .
Such a table is Table 5 which contains these values in

Column A.

3. _In the above table set up, interval for interval with Table
2 but coantaining the magnitude of the crosswind, the cross-
_wind is obtained by miltiplying the sine of the angle
j(Column B, Table 5) by the magnitude of the mean of the

respective class interval. This completes Table 5.

L. Each of ths crossvind components is then distrivuted in a
frequency distribution of ten knot class intervals beginning
at -95.0 to 85.1 and ascending in order, -85.0-75.1,: =75.0-
65.1, etc. ~ The pumber of compouents is obtained from the
respective group of Table 2. The distridbuted frequencies
are then cumulated and plotted on arithmetic probability paper.
Table 6 shows the percentage frequency and the cumulated

- percentage trcquancy of the crosswinds computed in this manner.

It is from this table that Chart 3 has been constructed.
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Appendix k

Calculation of Crosswind Components at Quonset Point, Rhode

Island, for Runvay 34 by Graphical Msthods.

1.

2.

A Base Chart (polar coordinate chart) is prepared of ths

wind distribution as in Appendix 2 and shown in Pig. 2.
Runway 34 is then drawn.

The frequencies in each sector area are considered 't.o be

collected at the center of each sector area.

The crosswind component is datermined by the perpendicular

_distance running from the center of a sector to the runvay.

The magnitude of this crosswind compopent is distributed to

© & 10 knot class interval. The intervals run from -95.0 to

-85.1, «85.0 to -75.1, etc. The percentage frequency is
placed in this class interval. When all sector components
bave been distributed, summation of frequencies (or of
percentage frequencies) is nov made for each clasg.interval.
After this is done, cumlation from the lowest to the
highest values is made; negative values are considered to
be less than positive values although the magnitudes may not
be necessarily smaller. For example, a crosswind of -kO 1is
less than -30 here, although when magnitudes are considered,
4O 1is certainly larger than 30. If percentage frequencies

have been used throughout the problem these cumlative per-
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centage frequencies may be plotted 1nnmdiately on arithmetic
probadbility paper. Then occurrence of any positive or
negative crosswind may be interpolated. Summation of the
magnitudes of interpolated crosswinds may be mede if
direction is of no importance. If no prior reduction to
percentage frequencies have been made, the cumilative
frequencies may be converted to percentage frequencies and
tbhe latter values may then be plotted. This conversion is
effected by dividing the cumulation by the total. For
example, Teble 7 has been developed by the above procedures.

The cumulated values have been used to comnstruct Chart k.

=t
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CONCLUSION

It will be noted from an examination of Charts 1, 2, 3 and
L that any one of‘the three graphical or pseudo-graphicel methods
provides & close estimate of the crosswind values computed from
approximately 70,000 individual values. As an example, choose

several percentage points. ‘

At 1%, 10%, 50%, 90%, 99%
Chart 1 provides a value of =18, -11, -3, 48, +18
Chart 2 provides a value of =19, -l1, -3, +5, +17
Chart 3 provides a valus of -16, =10, -k, +7, +16

Chart b provides a value of <16, - 9, -2, +5, +l17

This example shows that the maximum difference among the

four results is 3 knots al any one percentage point. Too, the

maximm difference between the first and any of the remsining
three is only twvo knots.

As another example, suppose that 15 knots cfosnindl plus
or minus, that is, 15 knots from the right or lsft is u\ g].lanbh
range of crossvinds. From Chart 1, it is seen that 95.56 of the
tim; crossvinds equal to or lsss than 15 knots occur, i.e., 98.0%
- 2.5%. From Chart 2, the crossvinds in this range occur 98.6%
- 3.2% or 95.4% of the time. From Chart 3, 98.6% - 1.2 or 97.4$

of the time crosswinds occur within this range. The percentage

‘fron Chart 4 i3 98.5% - 1.2 = 97.3%. The maximum difference is

about 2%. This is believed to be a typical example of the results
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of the four procedures.

The conclusion is that estimates of the frequency distribution
of crosswind comjaonents to any particular airport runway can be
obtained by use of wind summaries or wind summary cards. These
estimates are comparable to those obtained by use of the individual
qbsemtions of the wind. 'l'he cost is considerably less. For |
example, the cost to produce the crosswind components for two run-
wvays, 70,000 observations, by use of machine methods'v'ill be
$600.00 per station for two runways. This cost is reduced by a
factor of 5 if graphical procedures which utilize wind summaries
are-used. The cost is reduced by a factor of at least 20 if

sumnary cards and electronic computing machines are used.
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SUMMARY OF MONTHLY AEROLOGICAL RECORDS

AEROLOGY BRANCH MONTH

e T e

Table 3 - PAGE 1
QUONSET FPOINT, R. I. 9.1M k1/358 : T1/25W ‘ Mar 1945 Thru Dec 1952
STATION ELEVATION LATITUDE LONGITUDE PERIOD OF RECORD

ca % FREQUENCY OF WIND SPEED GROUPS (KNOTS) FREQUENCY OF TOTAL CLOUD AMOUNTS IN TENTHS WIND
53] as 8-12 | 13.20 | 21.30 | 31.40] >40]| cam | roraL o ' 2 s a s 'y 7 . ™ 1o | toraL| O'®
11§ 1.73 | 2.85] 2.48 62 ].,103 | .00L 7.78% N
12] 1.00 2.24 | 2,44 .73 1.118 | .006 6,534 NNE
22| .942i 1.64! 1.36 +29 1.032 L, 20k NE
32 626 Sl .298 .038] .006 |,001 1.513 ENE
33} .70 .58 .23 .06 1.017 |.010 <1 1.567 [
34) .50 N 26 209 |.020 |.001 1,311 ESE
Lhi 88 .80 3 22 1.036 {.006 2,372 SE
sy) .88 1.471 1.07 .20 {,0h3 | .006 3.332 $SE
1.97 h15] 2.76 .31 1.038 {.001 9.229 S
S6] 2.94 3.88 ] 2.26 .29 1.019 {.001 9.390 SSw
66 4,28 5.55] 2.70 .25 1.009 12.789 Sw.
76] 2.9% | 2,001 b7 .oh 5.54 wsw
T11.2.9% 3.00] 1.24 215 1.33 w
18| 1.8 3.371 2.35% .h0 1,01 T1.57 WHW
88] 2.28 | 2.801 1.1 .17 ].009 1.003 6.842 Nw
18] 1.98_1_2, 1.67 ] .30 1,000 ],001 6,580 NNW
00 2.172 } S.172 CALM
128,388 37,904 23,508 4.118!.469 |,037 15,172 [99.776 TOTAL
100.0 % OF TOV

‘s FREQUENCY OF WEATHER FREQUENCY OF CEILINGS (FEET) WIND
BO] mam | anmwems] omree | Fhltel e, | Mhe [romomn] 0 1O gl Ym0l ' sso0] ** roso| " boso| 2% Soso > o500 ' 70500] = S0s00 >“§'F Igloo cioups | TOTAL| O
N

NNE

NE

ENE

E

€sE

se

SSE

s

. SsW

F sw

WEW

w

WNW

Nw

NNW

CALM
TOTAL
% OF TOT
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SMAR (REV) 1 " CHIEF OF NAVAL OPERATIONS
o . AEROLOGY BRANCH MONTH
Table 5 PAGE 1
QUORSET POINT, R. I. - )
STATION ELEVATION LATITUDE LONGITUDE PERIOD OF RECORD
A ] s FREQUENCY OF WIND SPEED GROUPS (KNOTS) FREQUENCY OF TOTAL CLOUD AMOUNTS IN TENTHS WIND
a® sina |88] as 8.12 | 13.20 | 21.30 | 31.40] > 40| cam | voraL o ' 2 3 4 s ¢ 7 s ° to | toraL] PO'R
20 L3420 (1) 1.7 | 3.b 5.5 | 8.6 |12.015.k N
42.5 L6756 12| 3.b 6.8 110.8 [16.9 |23.6]30.h NNE
65.0 .9063 {22 | 4.5 [ 9.1 | 1h.5 {22.7 |31.7]|4%0.8 NE
87.5 .999%0 [32] 5.0 | 9.9 | 16.0 |25.0 |35.0]%45.0 ENE
0.0 .933 (33| .7 | 9.3 | 15.0 |23.3 [32.7]%2.0 L3
132. .7373 [3%] 3.7 | 7.8 }21.8 [18.k 125.8133.2 [ ESE
155.0 .ho67 kb | 2.0 b1 6.5 [10.2 [1h.2]18.3 SE
177.5 .0k36 |54 ] 0.2 | 0.b 0.7 | 11 | 1.5] 2.0 sSE
200.0 -.3420 |55 | -1.7 [-3.% |- S.5 |- 8.6 1|-12.0|-15.h s
222.5 -.6756 -3.4_{-6.8 |-10.8 [-16,9 |-23.6]-30.k SSW
285.0 -.9063 |66]-4,5 1-9.1 |-14.5 |-22.7 |-31,7}-h0.8 Sw
267.5 -.9990 (76 {-5.0 {-9.9 |-16,0 |-25.0 [(-35,0}-%5.0 wsw
290.0 -.9336 -4,7 1-9.3 !-15.0 |.23,3 1-32.7 ]-42.0 w
312.5 -.73713 (18.4-3.7 |-7. [-11.8 |18k 1.25.8 |-33.2 WNW
335.0 -.h067 |88 1-2.0 -8 [-6.5 |-10.2 |-1k.2]-18.3 NW
357.5 -.0h36 0,2 (0.8 |-0,7 f-1.1 = - 2,0 NNw
000.0 00 CALM
TOTAL
100.0 % OF 101
Ge Direction of Runwvay minus Direction of Wind. A
Direction of Runwvay ie 340.0
ol FREQUENCY OF WEATHER FREQUENCY OF CEILINGS (FEET) WIND
38] mam e T P | I Bl Rl P e A i T B T et T e T B R ™ > 280 C<LG‘I/I(|)2 TotaL | %
N
NNE
NI
s [
€
ESE
SE
SSE
S
SSW
" - . sSw
1 WSW
- w
B WNW
NW
NNW
CALM
TOTAL
% OF TOT |

te i s -
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