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'3ﬁdynam1c forces on rallroad frelght cars. Tests were’ performed ‘

INTRODUCTION o } c
. This® report is. the Sthh in a serles of reports on the aero-

~ron standard and modlfled TOFC ‘and  COFC’ conflguratlons, Refer-
_'ence 1, and on ‘a varlety of frelght car -and - developmental '
"TOFC ‘and COFC conflguratlons, Reference 2 A general lnvestl—»
vgatlon of the forces on a train of- blocks of standard" shapes
awas also carrled out in References 1 and 2. The purpose of
these tests was- ‘to galn general lnformatlon on the aerodynamlc
v forces on a train of’ blocks with partlcular 1nterest in the
jlnterference effects between the blocks. The present tests’
. are a contlnuatlon of this" general 1nvest1gatlon n51ng models
of contalners and trallers., The partlcular objectlves of these
contlnulng tests are to 1nvest1gate how the aerodynamlc forces
are effected by the gaps between the models, ‘the helght of the
models, and for the case of tra11ers,~the shleldlng Of  the
‘space beneath the - trailers. = The - sponsor ant1c1pates the util-
'_lzatlon of thls ‘data.in 1ntermodal railcar de51gn work where o
~the parameters of helght, gap and shleldlng are to be estab—
:llshed and where quantltatlve knowledge ‘of thelr effects can be
'*used 1n trade-off studles agalnst the other de31gn—related com-.-

ponents of. overall traln re51stance.‘””*

FLTEST PROGRAM . |

' ,The aerodynamlc test Drogram was run in the GALCIT lO foot
w1nd tunnel at the Callfornla Instltute of Technology follow1ng.
the procedures/whlch had been develooed in the orev1ous wind

'ihtunnel tests on rall frelght conflguratlons.' The conflguratlon

“used in the prev10us tests was modlfled for these tests in two
ways. In these tests a yaw angle range up to 90° was de51red.
, The yaw table however, has a max1mum rotatlon of 50° ) In or-
gﬂder to obtaln data at angles up to 90° it was dec1ded to run

4fthe tests u51ng two dlfferent conflguratlons, 0° to. 48° us1ng

' #;a mountlng system llned up w1th the flow when the yaw table

‘fwas set to O°'(Conf1guratlon A) and 42°'to 90° u51ng a mount—'
-1ng set at 90° to the flow when the yaw table was set to 0°

'1.1J



(Conflguratlon B). This'arrangement was the best that'could
.be accompllshed w1th reasonable costs but requlred the tests
over the full range of yaw angles to be broken into two parts
and run separately . The mounting’ system for these tests 1s ‘
'-shown in Flgures la and b. .

" The other modlflcatlon in the test conflguratlon that
was made was to provide a metric plate flush with the surface'
on which the container block ‘and traller models were mounted.
The advantage of thlS arrangement was that the. contalner mo- .
‘dels could be mounted dlrectly on th;s platelwlthoutbthe pos—_
»sibility of the metric. model‘contacting'theAnon—metric sur-
.w'faces. The only p0551ble contact ‘was between. the metrlc plate

~and the non-metrlc surfaces. and proper clearances could be -
_'establlshed for all tests ‘and monltored by checklng electrlc .
contlnulty between the metrlc elements and ground \Thls con-"
.flguratlon is. :shown.’ in Figure 2 and a photograph,of the;par-'
tially assembled parts in Figure 3. o |

The models for these- tests conSLSted of the. same traller

. models whlch were used in prev1ous tests and a series of con- -

" tainer blocks of dlfferent helghts. Draw1ngs ofuthe models
rare- shown in Flgures 4a. and b.  The models are all to. 1/43
'scale. -In plan view the blocks are all the same;, - represent—
'lng a full scale 51ze of 40 feet by 8 feet. . The height‘of the
;contalner block models varles from 1 times the width to 2.4
tlmes the W1dth.v The l 7 widths hlgh model was’ con51dered
,'the basic model since it had' the same helght as. the trallers.
More. tests were run on thls model than on any of the others.
.Four shleldlng pans were prov1ded to mount under the trailers
to shleld the undercarrlage. These are shown in Flgure 5.
The trallers and the shielding pans were-mounted dlrectly on
the metrlc plate. Therefore, the forces measured consisted

of the forces on the trallers, the surface_of the metric plate, -

. and the shleldlng pans when used. While these tests could have

been run w1th the shielding pans and. plate surface non-metric,
the merlt of the use of the shleldlng pans can only be evaluated

when the forces on. the pan as’ well as the traller are measured.



Aerodynamic theory and practlce has establlshed that aero- o

'fdynamlc forces . on objects scale as the dynamlc pressure of the
falr flow;_one half the arr densxty tlmes the velocity squared.
5Tests at’ dlfferent veloc1t1es can be correlated if . the. actual
i,forces are lelded by the dynamlc pressure to form a, number _
‘whlch has the dlmen51ons of area. Once thls force area has ;'

been determlned for tests at one veloc1ty lt can be used to pre-

dlct forces at any veloclty by multlplylng the force area by the -

; approprlate dynamlc pressure. This. same concept can be applled
to moments. In thls case the number obtalned by leldlng the

moment by the dynamlc pressure has the dlmenSLOns of area.f To

_fac1lltate ln thlS process Table l shows dynamlc pressure as a -
‘“functlon of relatlve w1nd veloc1ty for sea level condltlons.” '

For lnstance,-Lf the ax1al force area were 20 square feet the "
ax1al force at 50 mph would be 6. 384 pounds per square foot

| tlmes 20 square feet equalllng 127. 7 pounds. At 70 mph, the
~3dynam1c pressure would be 12 513 pounds per square foot and the

force 250 3 pounds.'

.WIND TUNNEL TESTS

The w1nd tunnel test matrlx 1s shown in. Table 2 . The~*

;flrst runs were made w1th the Conflguratlon A allow1ng tests ,
to be run up to 50° yaw angle._ The plan was to limit most of
V.the tests to the . yaw angle range of 0° to -30°. : However, tests

Cat gap spac1ngs of 0. 2 0.5, 1.0 and 2 0 were to be carried

out up to 90°'(u51ng Conflguratlon A from 0° to 48° and Con-,
flguratlon B from 42° to 90°). The flrst tests that were run.
were ‘for- block helghts of l 0, 1. 4 2 0, and 2.4. These were

. run as descrlbed.r After these tests were completed "some of

the data had become avallable and had been examlned. The con-
clu51on was reached that there was not much varlatlon between

fthe results at the dlfferent gao spac1ngs, espec1ally those -

w1th a. change of 0 1 between 0.1 and 1. 0. For later tests
some of these spac1ngs were, left. out.. Slnce it was decided

"'vto leave out the 0 .5 spac1ng, the 0 4 spac1ngs were carried
f'out to 48° . These reducedsetsof spac1ngs were used for the.
Cl.2 and 1. 7 hlgh blocks. ’ L '

Conflguratlon B allow1ng testlng at yaw angles of 42° to

f90° was not 1nstalled untll near 'the end of the test serles..{-
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Suff1c1ent time was avallable for completlng tests only on the
1. 2 and 1.7 high blocks in the 42° to 90° range. The series.
'of tests made on. the 1. 7 hlgh blocks with dlfferent gap spac—_
~ ings ahead and behlnd ‘were .all carrled out in the range of 0°
:f~t0 48° yaw angle.' A ‘ ,

' '~ Photographs of the test conflguratlons used for the uni=
'form spacing - ahead of and behlnd the metrlc block  are shown
,;n Figures 6_through ll., Both Conflguratlons A and B are . lrd
%shoWn'when used The axlal force areas for these conflgura— -
tions. are shown in Flgures 12 through 17 and the 51de force
‘~areas are shown in. Flgures 18 through 23.- The data at all

: _spac1ngs has not been shown on these flgures 51nce the curves

"lle ‘too- closely together to properly show. 1n the figures. ‘
,Thls is partlcularly true on the 51de force data where there

lls only a small effect of-. spacing.

The axlal force data shows ‘that the ax1al forces lncreasef
‘.with spa01ng as expected. At the hlgher yaw angles, the axial
force  decreases and actually becomes negatlve near 90° yaw

| angles. Thls behav1or lS not unexpected since at 90° yaw‘
'angle the ‘axial force is at rlght angles to the w1nd dlrec-
tlon.v As the. component of the wind in the ax1a1 dlrectlon
fdecreases, lt is to be expected that the force. will also’ de- -
crease. ' ThlS behav1or is best seen in Flgures 13 and 15 where
: the tests have been extended up to 90° yaw angle.

For the low blocks, 1.0.and 1. 2 1n helght, a somewhat
erratlc behav1or seems to exist at’ small yvaw angles and spac-
1ngs of 0.4 and 0.8. Peaks appear. in “the ax1al force near 12°
yaw angle especially for the 1.0 high block. ,

For the higher blocks, 2.0 and 2.4, negative axlal forces
occur at small gap spacings. The reason: for this appears to
“be that at angle of yaw the side forces were sufficient to
lroll the blocks a 51gn1f1cant amount. This rolling was ob-
served durlng the tests but could not be accurately monltored
or recorded. To obtaln some more quantltatlve results, a mech-
anical side force was applled to the block whlle the tunnel
‘was shut down. The amount ‘and location of thlS force was ad-
justed to produce the same side force, roll and yaw moments
'observed durlng an actual test run. Lateral displacements both
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', at the . top and bottom of the. block were recorded.. These mea;
' surements allowed an estlmate of the lateral dlsplacement of”
.«the metrlc block with: respect to. the block. ahead .and behlnd

’,The mechanlcal ‘tests. lndlcated that the pr1n01ple motlon ‘was

”caused by a- tw1st1ng of the balance whlch was located below

'Ajthe base of: the model. A dlsplacement up to about 05 1nchesf

waas obtalned as..the worst, condltlon. It seems poss1ble that

- this- dlsplacement caused hlgher pressures on the rear of the

: metrlc block than. on. the. front leadlng to the negatlve ax1al

":]forces.y Negatlve axial forces were- obtalned in prev1ous tests,

- Reference 2, when a block hlgher than the metrlc block was.
located behlnd ‘the metric block. o ‘

l The 51de forces show llttle change w1th spac1ng In.gen- .
eral, an 1ncrease in the spacing causes an 1ncrease in .-the side
hforce but this -does not always aopear to be, true. -The results
are close enough together so that random varlatlons between
.the tests may ‘be causxng some confu51on, but the repeatablllty
seems good enough so that. thlS should- not be true.' From-a -
4pract1cal 901nt of v1ew, the varlatlons measured should not. be
“of great lmportance. o ' , '

: The next set of tests 1nvolved dlfferent spacings ahead

'?f.of or: behlnd the metrlc block ‘than for the rest of the ‘blocks

-hln the traln of, blocks.‘ Photographs of the blocks in the tun-j'
nel are shown in Flgures 24 and 25. ' The ax1al force area for

'*fvarlable spac1ng behlnd the metrlc block 1s shown in Flgures.

4k26 through 29 and the: 51de forces in Flgures 30 through 33
‘vSlmllar results for varlable spac1ng ahead of the metrlc block
are shown 1n Flgures 34, through 37 and Flgures 38 through 41.
The effect of 1ncrea51ng the space behlnd the metric block . 1s'-i
. to 1ncrease.the ax;al.forcepfor low yaw angles. but to decrease
~ 'the force:at higheranw angles,‘sometimes‘evén to negative.
““values.{ The most. likely reason for - this is'that at the'larger
’ygaps and hlgher yaw angles a vortex is formed in. the . larger, .
,'gap and the- pressure on the. rear. of the metric block is in-
- creased - The effect. on the side force is much less.' All of
-'the curves tend to lie on top of each other. For this reason
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only;the extreme curves have been’shown and the others lie be-
tween ‘The . effect of. increasing»the-front gap'is more;pro-
‘nounced than that found for the rear gap _This'result is con-
_51stant with previous. tests, Reference 2, that have shown that
'the‘size‘of the forward'gap is more 1mportant than the rear
- gap and that the effect of both gaps is approx1mately the sum
- of the two effects taken 1nd1v1dually " The effect of the front
;gap Slze on 31de force is also larger than that of the rear -
.: gap, however,‘the effect is not paltlcularly large. . _ o
E Flgure 42" ‘shows the effect of . changlng both front and rear
gaps for the larger gap sizes. Thls figure shows that the front

gap is more lmportant than ‘the rear gap in determlnlng the
axial force. The’ Slde forces for these conflguratlons are
jshown“ianigures 43 and 44, Whlle not as 1mportant for. the a
_51de forces, the size of “the front gap is still more impor-
.tant than the rear gap., ‘
' Photographs of trallers with' dlfferent spac1ngs and shlelds'
under the trailers are shown in Flgures 45 through 49. The
‘ shield consists of a pan with different heights of 51des'§aryv
h ing from 0 toiloo% of the height to the underside of the trai-
 ler. The shields under all of the trailers in any one config-
-urationzare the same but ‘may not look so in the'photographs
_because of dlfferent llght reflectlon. The ‘axial force areas
‘ for these different traller conflguratlons are shown 1n Flg—
‘ ures 50 through 54, The forces measured are those on the trai-
'ler, the shleld “and the ground plane under the traller. The
'ax1al forces inecrease with yaw angle and gap spacing as mlght
be expected from prev1ous results. There is some pecullar be-

“’,'hav1or for gap spacings of 0 8 and 1.0 near zero yaw angle for

O,and 25% shields. - Comparlng the. flgures for different shields
‘shows1that'the larger the shield the less the axial force area.
The'shielding ofgthe undercarriage'is more important than the
‘actual increase in frontal area caused‘by the shield. The
side force areas. are ‘shown in Flgures 55 through 59. There is
'very llttle effect of ‘either gap size or shield size on the

51de force.



.; Figures 60 and 61 show'the results for one Setuof.runsbf
'w1th the trallers fac1ng backward and no shleld. The ax1al .
:hforces are lncreased somewhat over those for the forward fac—"
.7;1ng trallers but the side force 1s not effected apprec1ably
‘dThlS result ls con51stant w1th prev1ous tests -on trallers on ;.
flatcars fac1ng both dlrectlons, Reference 1. ) o

The moments about the three axis’ were measured 1n these
_ teSts.' The moments of partlcular lnterest 1nvolve the. roll _
" and. yaw of the vehlcle., If the assumptlon 1s made that the .
‘?31de force is the only one Whlch contrlbutes to the roll and
Aﬁthe yaw moments, then it is. p0551ble to establlsh the p01nt »
of appllcatlon of thlS force. ThlS approach lS .considered to .
Afbe a usefulcnmaln that 1t gives a result that is more . eas1ly
Tunderstood and correlated ‘than the moment results. It is
.,reasonable to expect that the llft and ax1al forces make only
'!a mindr contrlbutlon to these moments. Actually, no error. is

'"~1ntroduced 1f the result presented is con51dered to be the';'f

'”quantlty obtalned by d1v1d1ng these moments by the - 51de force
Wthh has - the dlmenSLOn of length These lengths can then be
‘thought of as descrlblng the approx1mate locatlon at Whlch
"Lthe 51de force 1S applled ‘,‘_“,,H L R
c The data for the varlous conflguratlons tested has been

”'5vanalyzed 1n thls way . The results for the helght of appllca-

ytlon of the 51de force are . shown in Table 3 The results for
« ;the dlfferent helght blocks run at unlform gap spac1ng ahead
and behlnd are shown 1n Part A. There appeared to be no
"systematlc varlatlon w1th either yaw angle or block spac1ng
4'For each block helght the results have been. averaged for all-.
1'runs at dlfferent yaw angles and spac1ng and the average value
:and standard dev1atlon are glven in the. table.- In ‘calculating
this average, all data at 0° yaw angle ‘and some data at 3° yaw
',angle that gave results not in keeplng with general trends has -
’been excluded. _ThlS was done because the 51de forces and roll—
'1ng moments are small at. these small yaw angles and small er—'
frors ln each can make the ratlos unrellable., _' .' s
| g Thls p01nt of appllcatlon lelded by the block helght does
seem to have a 51gn1f1cant trend w1th respect to block helght



‘jThe heicht of the point of appllcation plotted'againSt block
vheight is shown'in'Figure 62. - There is a Small.but signiflcantV
increase with respect to block height. ‘The reason for this is
‘not clear. One suggestlon is that the hlgher ‘blocks are less

‘u-lnfluenced by the boundary layer on the ground plane. One

would expect this to cause an opposrte effect, a hlgher relar
tive point of appllcatlon on the lower blocks 1nstead of ‘the

hlgher blocks. 'Another cause could be the change in helght ‘to
'w1dth ratlo of the blocks. For 1nstance, if part of the effect

'ﬂfwas due to the llft force, its effect mlght be dlfferent as .
ﬂ,the block became relatlvely narrower. , "
‘ - The data for the tests on the 1.7 high blocks at dlfferent

--“spac1ngs ahead and behind shows no 51gn1f1cant trends w1th the N

changes in. these Darameters. The results averaged over -all

. yaw. angles and for all blocks with the same fixed values of

_forward or rearward spacings. are shown in Table 3, Part B.
There appear to be no 51gn1f1cant variations between the re—-'
'sults at dlfferent flxed spac1ngs. Therefore, the results at
the dlfferent flxed spac1ngs have been averaged ThlS result :
is shown in the table and also plotted 1n Flguref62 where it
'.fcompares favorably w1th -the other” results at thls block helght.
“ The tests on. the trailers have also been treated in this

',same way These results are shown 1n Table 3, Part C. The

) helght of the p01nt of appllcatlon is shown averaged over yaw
wangle and trailer spac1ng for the dlfferent shield conflgura-
tlons. There does not appear to be a systematlc effect of-
shleld helght so these results have been averaged again over:
~all shield he;ghts. Slnceuthepoverall height of the trallers
is the same as the 1.7 high blocks, the point for the trailers
has been shown in Figure 62 .at this value of the abscissas and
corresponds favorably ‘ " .

| - The longltudlnal distance to ‘the p01nt of appllcatlon of
the side force. has been considered in a similar way. However,,
there is a correlation between the.longltudlnal location’of' A
the point'ofwapplicatioh\and;the gap Spacing; Increas1ng the
spacing moves thetpoint'of”application'forward$i This same
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N result was found in the tests presented in Reference 1. Thesef
.5results are shown in Flgure 63 both for the blocks of dlffer—'
" ent helghts and for the trailers with d1fferent shleldlng :

.Tjhelghts.: The p01nt of appllcatlon for the forward fac1ng

'V-gtrallers 1s further back than for- the blocks and further ahead"'"

'7for_the_aft fac;ngvtrallers. This changée mlght be related to

"fthe*greater“lateralfarea”near the ‘end of the trailer where the

“wheel bogle‘is'located ' The negative slope’. w1th 1ncrea51ng
.7spac1ng that occurs w1th the aft fac1ng traller is hard to

~;;;expla1n., Thls slope 1s contrary to ‘the slope that occurs for

"-pall other conflguratlons.”

""RESULTS . _
The axlal force lnltlally lncreases with yaw angle up’ to

"fvalues of 30° to 40° and then decreases Thls 1ncrease has

‘been. observed in all the prev1ous tests of objects in tralns

f‘and lS apparantly caused by the decrease 1n the shleldlng be-

K tween” the,obgects‘as&the yaw angle 1ncreases. Previous tests

-~ ’had only"beenhup to_yaw{angles of 30° so the drop off above this
'.value‘was‘not obseryed" ThlS deCrease is. undoubtedly caused by

the decrease in the ax1al component of the w1nd as the yaw angle,

"lncreases. At 90°'thls axial component is. ' zero resulting in

ljlowwaxial_forces. | .For - yaw- angles around 80° a negative axial - -
‘force often:OCCurs.‘fTheiaXial forcefincreaSes.with block height
{and frontal area. . ' - _ -
. — -The Slde forces depend upon yaw angle and increase with yaw
. angle up to a_maxlmum at about 60° -and then continue. or decrease
?'somewhat»as~thegyaw angle‘increases up to 90°. Increasing'the
._height increaseSathe 51de force but there is only a small effect
7ofugap_size:observed 1n these .tests.. ‘At small yaw angles the
side'force_increases more rapidly than proport;onately with yaw

‘uiangle.' In Reference l’the'theory for the side force was - pre-

fsented and comprlsed terms proportlonal to the flrst and second

1powers of the yaw angle. ,
The roll and yaw moments have been 1nterpreted as the p01nt

'.of appllcatlon of “the . 51de force based upon the assumptlon that



"these moments are prlnc1pally caused by the side force.' The re-
sult 1s that the p01nt of appllcatlon of the side force is about;

at the mld-helght and a llttle forward of the centerllne of the

._block ‘The height of appllcatlon seems to be 1ndependent of .
“all parameters except, for a sllght dependence on block helght. _
The 1ong1tud1nal position- depends upon.the spacing, moving fur-

ther forward at greater spacings.. For the‘trailers the height

. fof the p01nt of appllcatlon is the- same as for the blocks and

:_1s independent of the height of the shleldlng pan._ The longl-
.tudlnal locatlon follows the -Same. trend w1th gap spac1ng but

: "fbalso depends on the amount of shleldlng At 100% shleldlng

the locatlon 1s SLmllar ‘to that for the blocks, but moves to-

wards the rear as the shleldlng is reduced so that at 0% shield-

:lng it is behind thefcenter of the trailer. Since the'wheel u
';boqie.isvat-thedrear‘of the trailer, this behavior can be as-
'cribed_U;thegreaterjexposure of this bogie as the shielding

is-reduced. -For the aft faCing'trailer with 0% shieldingkthe
: point=of9application'is well forward and rapidly moves aft as
the spacing. increases. This behavior for the aft fac1ng trailer
seems 1ncon51stent w1th the behav1or observed for the other

a iconflguratlons and cannot be readlly explalned.-
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Figure 10. Photograph of 2.0 High Blocks at Equal Spacing
of All Gaps of 0.9. .

Figure 11. Photograph of 2.4 High Blocks at Equal Spacing
of All Gaps of 2.0. . » ‘
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Figure 31. Side Force Area Versus Yaw Angle for 1.7 High
Blocks With Variable Spac1ng of Gaps Behind Metric Block.
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Figure 33. Side Force.Area Versus Yaw Angle for 1.7 High
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Figure 35. vAx1al Force Area Versus Yaw Angle for 1.7 High
.Blocks With Variable Spacing of Gaps. Ahead of Metric Block.
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Figure 41. Side Force Area Versus Yaw Angle for 1.7 High
Blocks Wlth Variable Spac1ng of Gaps Ahead of Metric Block.
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Figure 45. Photograph of Forward Facing Trailers With Spacing
of Gaps Ahead and Behind of 0.1 and 0% Shielding.

figure 46. Photograph of Forward Facing Trailers With Spacing
of Gaps Ahead and Behind of 0.6 and 25% Shielding. -
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Figure 47. Phoﬁograph of Forward Facing Trailers With Spacing -
of Gaps Ahead and Behind of 0.1 and 50% Shielding. -
Figure 48. Photograph of Forward Facing Trailers With Spacing ,

of Gaps Ahead and Behind of 2.0 and 75% Shielding.



Figure 49. Photograph of Forward Facing Trailers With Spacing
of Gaps Ahead and Behind of 1.0 and 100% Shielding.
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Flgure 50 Axial Force Area on Forward Fac1ng Trallers With
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- 'Figure 52. Axial Force Area on Forward Facing Trailers With
Equal Sgacing of Gaps Ahead and Behind. 50% Shielding.
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Figure 53.‘“Akial Force Area-oanorward’Facing,Trailers With
. Equal Spacing of Gaps Ahead and Behind. 75% Shielding.
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Figufé 54. Axial Force Area on ForwardAFacing Trailers With
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Figure 55. Side Force Area on Fdrwafd Facing Trailers With.
Equal Spacing of Gaps Ahead and Behind. 0% Shielding.
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Figure 56, Side Force Area on Forward Facing Trailers With
Equal Spacing of Gaps Ahead and Behind. 25% Shielding.
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Figure 57. Side Force Area on Forward Facing Trailers With

Equal Spacing of Gaps Bhead and Behind. 50% Shielding.
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Figure 58. Side Force Area on Forward Facing Tréilers wWith
Equal Spacing of Gaps Ahead and Behind. 75% Shielding.
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Figure 59. Side Force Area on Forwafd Fécing Trailers With
Equal Spacing of Gaps Ahead and Behind. 100% Shielding.
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Figure 61. Side Force Area on Rearward Facing Trailers With
Equal Svacing of Gaps Ahead and Behind. 0% Shielding.
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- TABLE 1

DYNAMIC'PRESSURE g AS A FUNCTION

OF RELATIVE WIND VELOCITY VR

Vg (mph) - q(4/££%)
10 2553
20 1.0214
30 2.298
40 4.085
50 6.384

.60 9.193
70 12.513
80 16.343
90 | 20.684

100 - 25.536
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A. Contalner Blocks w1th Equal Spac1ng Front and Rear5_

0%

P 0‘->.’1~/ ‘ .

0.2

»f?z;d_i‘

TABLE 2

MATRIX OF TEST CONDITIONS

L . 'Heigh£ “iQO_E-
AESPacing o e

| "0530°I
'f@_;OL;go

0-30°
h-0f30°

eawe

S 1.2

0- 307

0+-48°
42 90°

0-48°
S 42-90°
o 0-48° |
© 0-30°
0-30°
- 0=30° -
“ialage
R 48°“

0-30°
0-30°.
"7 0-48°
. 42-90°

. 0-48°
- 42-90°"

Yaw Angles

1.4

0-30° -
- 0-48°
- 0-30°
0-30°
© 0-48°
0-30°

- 0-30°
S 0-30°

IO;3QQQ
0-48°

1. 7}"

df30d 
0-30° -

0-48°
4290°

- 0-30°
42-90°

- 0-30°"
0-30°

0&48&

42490°
0-48°

0f30°
0-48°

0-30°
'0-30°

0-48°
0-30°
~0-30°
‘,0‘306'
0-30° .
0-48°
©0-48°
',42 90°

0-30°

0-30°
0-30°

0f48°:

0-30°
0-30°
0=30°
0-30°
0-48° ¢

0-48°"

'1; B Contalner Blocks 1. 7 ngh w1th leferent Spac1ng Front and

Rear
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Yaw Angles N
- 0- 48°

- 0-48° -
0-48°
0-48°

- 0-48°
. 0-48°
- 0-48°

0-48°
0-48°
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B. (continued)

Front

0.4
1.0
3.0 .

6.0

TABLE 2

Readar’

o O O

o

2
.2
2

A W +=H O

.2

L0 O O

>

(continued)
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Yaw Angles
0-48°
0-48°
0-48°
0-48°

0-48°:
0-48°-
0-48°
0-48°

0-48°
0-48°
© 0-48°

0-48°
0-48°
0-48°

0-48°
0-48°
0-48°

0-48°
0-48°
0-48°

0-48°
0-48°
0-48°
0-48°
0-48°
0-48°




~TABLE 2

© C. Trailers Facing Forward.

- 0 0“300

, © O
-

4TO,48°

N OO 0O 0 0 e O
. . . .. e T e . o e ¢ .
[ =T T Ve e RS R <) B O I SN S I )

. Trailers Facing Aft

0.8 .. 0<30°
2000 - v o0-48°

- . .. shielding = 0% "

0-30°
p¥48é -
._;"JQ_3007
_ -0;30° _
0-30°
0~30°
,,0-30°.f

C0-48°

(cohfinuéd)':;

. 25%

0-30°

‘0-48°
‘ 0.'.'4'8‘-’»

- 0-30°

0-30°

0-48°
0-48°.
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©0-30°
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TABLE 3
VERTICAL LOCATION OF SIDE FORCE

-A. Different Height Blocks - Equal Spacing Front and Rear

Block Height Bloziiggtght St;ndard Deviation
1.0 .45 021
1.2 .47 | - .017
1.4 .48 .016
1.7 .52 .01l
2.0 .52 .016
2.4 .55 o ~.039

B. 1.7 High Blocks - Different Spacing Front and Rear

Equal spacing front, variable rear

Front Spacing Blogiiggight Standard Deviation.
.50 .049
.53 .023
.52 - 013
.52 018
.51 » o - .015

Equal spacing rear, variable front

Rear Spacing Blogiigggght Standard Deviation
0.1 .53 ' .010
.54 .029
.53 | .012
.53 .0077
.52 . .050

All cases .52 , .012
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TABLE 3 (continued)

C. Trailers facing forward

g Height . : . .
Shielding Trailer Helght Stgndard,Dev;gtloé
0% ' .49 | 017
25% .51 : o .02l
50% S .46 | .01l
75%. | .48 - .0091

100% . . 46 ' - : .012

Trailers facing aft
0% ' .50 S .0084

All cases . 49 . ."021.
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APPENDIX

RELATIVE WIND = |

The aeredynamlc effects on the'train depend upon'the
relative velocity of the wind with respect to the train.
This veloelty can beICaused by either the wind over the '
fground'or the motion of the train. The relatiVe”wind is
found from a vector addition of ‘these two quantities. as
,_Shown'in-Figure A—l The relative wind and yaw angle can

be calculated uSLng the follow1ng relations.

Vg = _«('V.w sin cz_)zf(vt + v, cos a)?

' A HV' sin o i
arctan hl .
. V. ¥ V Cos o

t

e
Il

BOUNDARY LAYER CONSIDERATIONS :

A calculatlon of the boundary layer for the series of
"relght car tests run in the CIT wind tunnel was given. in
Ref erence 1 and repeated here as Flgure A-2... This figure shows
that the boundary layer is an apprec1able fraction of the
| nelght of the unloaded multlmodal cars recently tested. Itris.
not until qulte close to the wall that the ‘boundary layer ve-
locity drops appreCLable from free stream veloc1ty (0.8 free
‘Stream Veloc1ty at 0 2 of ‘the boundary layer helght from the

wall).
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"~E’i,_g’ure A-1. Dia‘gra‘m' Illustrating Relative W:;hd as 'De_t':ermir_ied
by ‘Actual Wind and Train.Speed. _ - ‘ ~
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‘Figure A-2, Boundary Layer on Ground Board Compared With Train Height,’
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Wind Tunnel Tests of Trailer and Container
Models - Determination of the Independent
Influence of Height and Gap Spacing and
Trailer Undercarriage Shielding on
Aerodynamic Forces Occurring During




