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LIGHTING PATTERN DISTORTION 
CAUSED BY RAIN ON AN AIRPLANE WINDSHIELD 

SUMMARY 

Th,s report describes a llmlted se~,es 
of observations to study the effectiveness of 
airport lights and light patterns when vIewed 
through an airplane wIndshIeld durmg rs,n- 
fall It was found that the la,” between the 
wmdshleldand the lights bemgvlewed caused 
some “bscuratlon but 1,ttle dIstortIon The 
visual dIstortIon caused by the uneven surface 
of the mater fllmon the glass was determmed 
to be a function of the rate of water Inter- 
ceptmn per u,lt area of the wmdshleld The 
water on the wmdshleld tends to broaden the 
image of the lights. thus reducmg the effec- 
tlveness of geometric patterns of lights and 
obscurmg their posltlonal relatlonshlp w,th 
respect to other elements on the amport 

It was found that the maximum ramfall 
rate that can be tolerated ulthout the use of 
wmdshleld wipers 1s approxmately one-half 
mch per hour, assuming an airplane speed 
of 120 m,les per hour (mph) The use of an 
anti-wettmg agent on the wIndshIeld greatly 
reduces the dlst”rtL”n and results in effec- 
tlveness of the light-, at ramfall rates of two 
to three Inches per hour 

INTRODUCTION 

It LS a Common experience to anyone 
who has looked through a r a, n-s t z. e a ke d 
wmdow or has dr,ven a car 1” the z-al” to see 
everythmg blurred and dIstorted This effect 
1s even more marked I” the case of the pilot 
of an aIrcraft The most dlfflcult vlewmg 
tasks for the airplane pIlot occur durmg 
approachand landmg “perat,“n~,part~cularly 
at mght The pilot 1s then dependent on a 
pattern of whtte and colored lights which he 
must be able to see and Interpret correctly 
These 1,ghts are sIgna hghts rather than 
lights to ,llumlnate the surrounding area It 
1s of the utmost importance, therefore, that 
they can be see,, ,n their true relatmnsh,p to 
each other and that the pattern with respect 
to the runway can be determIned Any d,s- 
tortlon of the llghtmg pattern ~111 hinder the 
pIlot’s effort and may delay or even prevent 
the lmdmg of the airplane 

The >,sual dlfflcultles ar,smg under 
condltlons of ramfall can be assumed as 
resultmg from the followmg factors 

1 The ra,n between the airplane and the 
lights 

2 The layer of water on the wmdshleld 
3 The effect of the a, r stream on the 

water on the wmdshleld 
Rain I” the atmosphere between the 

airplane and the 1,ghts ml11 reduce the visl- 
bll,ty of the hghts In addltlon to this re- 
ductlon 1” visual range. the md,vldual drops 
~111 cause scattermg of the light and will 
tend to produce a halo around each light 
S”“TCe Th,s cond~t,“n 1s partxularly Eve- 
dent when the droplets become small enough 
to result ,n fog Instead of preclpltat,“” 

The dIstortion resultmg from the water 
flow over the \*indshleld 1s caused by the 
varymg thickness and nonumform surface 
of the water The curvature of the xater 
surfaces causes the light mcldent on these 
surfaces to be refracted to varvmg degrees, 
and the m,age formed by this hght 1s conse- 
quently dIstorted and partially obscured In 
effect, the ramdrops and water srreaks form 
random lens 4urfaces over the wet area of 
the glass This condltlon 1s magmfled ,n a 
momng aIrcraft because Its wlndsh,eld mter- 
cepts a quantity of water that 1s “earl> 
proportmnal to Its forward velocity 

The air stream bl”u,ng across the 
wmdshleld durmg fl,ght c an have two counter - 
actmg effects The m”t,“n of the sly se~res 
to blom the water off rhe wIndshIeld, t ho s 
tendmg to prevent the f”rmat,on of a thick 
layer of water With suitable flow llnrs, 
the a,r stream can even prevent some of the 
water from strikmg the v,lndsh,cld b> dc- 
flectmg the rundrops upuard and sldeuays 
before they are mterrcptcd by rhe 2 Ins s 
Hosrever, the effect of the all strea,,, on 
water wh,ch does reach the wlndshlcld L!, to 
produce s t r e sks. thus resultlog ~1, less 
uniformity of the water su,face “11 the glass 

This report cove1 b 3 l,mltrd it,tdv of 
the Importance of r?lnf~ll RS a I,rnlt,n~ 
iactor In the eftectl\r Ilib5 of sl:_nJl I,Shtln~ 
systems. buch 315 xpploxch Ilght, o, ,I,,,\\ say 
lights 
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Fig 1 Test Equipment Setup 

PROCEDURE 

Visual effects were determined oy 
direct observatlo”, and photoqraphy was 
selected as the best means of record,“g the 
observed effects The most direct way to 
mvestlgate the visual dIstortlo” under actual 
operatmg conditions would have bee” to make 
ohservatlons and take motlo”p,ctures through 
the wlndshleld of a” a~ rplane engaged I” 
landmg operatmns during raInfall C0E.e- 
quenay, a mount for amotmn-picture camera 
was Installed on the hack of the pxlot’s seat 
of a C-47 amplane I” such a poslt,o” that the 
camera could he almed through a portlo” of 
the wmdshleld not covered by the wIndshIeld 
XV,p‘Z** It proved xnpractwzal to accumulate 
sufflclent data by this means because of the 
mahlllty to obta,” a” axplane on short “ot,ce 
when there was sufflclent ramfall to perform 
the expemnents and because the axr traffic 
problem IS more acute during raInfall than I” 
clear weather Because of these dlfflcultles 
the study was broke” down Into three parts, 
one for each of the possible factors affectmg 
dIstortlo”, as llsted premously 

1 The Ral” Between the Airplane and the 
Lights 

The effect of ra,” I” the atmosphere 
between a” observer and a patter” of sIgna 
lights was determined by vtewtng and photo- 
graphing the slope line approach lights 
through natural rat” wlthout use of a w,“d- 
shteld and wlthout relative motm” between 
the lights and the observer The observers 
and camera were sheltered by a small 
bulldlng which was avaIlable I” the south- 
west approach area of We,= Cook Mu”,c,pal 
Axport, I”d,a”apol,s 

2 The Layer of Water on the WIndshIeld 
A wIndshIeld was mounted 1” a wxndow 

opening of the same bulldmg I” order to de- 
termlne the effect of var,ous rates of water 
flow across It. Water for the study was 
supplIed fro”, a tank mounted on a truck A 
small air corrpressor was promded to Mann- 
tam pressure I” the tank, and a varlahle- 
stream nozzle was used to spra, the des,red 
amount of water a” the w,ndsh,eld One half 
of the glass was treated with a” antI-wetting 
agent 1 The run-off water was collected I” a 
trough and the rate of flow u;as measured 
with a water meter The test setup 1s 
Illustrated 1” Fig 1 

A grid conslstlng of white lines aga~nsx 
a black background was arranged so that it 
could be mounted lmmedlately I” front of the 
wIndshIeld uhe” desired The visual angle 
subtended by the lndlvldual lines of the grid 
at the distance from whlc h It was photo- 
graphed was approximately- the same as that 
angle subtended by the lndlvldual linear light 
sources of the approach system f ram a 
dtstance of one-half mile 

With these setups, photographs v.ere 
made of the approach light unxts and of the 
grid. v.lth vary,“g rates of water floa over 
the w,“dsh,eld WIndshIeld w,pers were not 
used, because sxnulatlo” of the worst pass,- 
hle co”d,tlon was desired The method of 
calculating the rate of flow of sate= corre- 
spondlng to a give” operatlng condltlon 1s 
outhned I” the Appendix 

3 The Effect of the A,= Stream on the Water 
on the Wlndshleld 

The same water tank and truck show” 
I” Fig 1 were used to determIne the effect 
of the air stream blowng across the uxnd- 
shield The hose and nozzle were attached 
to the truck so that the water flowedover the 
truck wndshleld, part of which was treated 
with the antI-wetting agent Motion pxtures 
of high ,“te”s,ty runway lights were made 
through the wlndshleld when the truck was 
standing still and when the truck was travel- 
mg along a runway at about 60 mph The 
quantity of water strik,“g the w,“dsh,eld per 
unit t,me was the same I” both cases 
WIndshIeld w,pers were not used 

DISCUSSION OF RESULTS 

More than 200 still photographIc 
records and 150 feet of motion-picture f,lm 

lThe ant,-wett,“g agent used for these 
tests was a wax known com”,erclally 1s 
“FC-10 ‘I It was originally devclop~d by tbe 
NatIonal Research Council of Can,+&,, 
Ottawa, Canada 
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Fig 2 Slope Lme Approach Lights Photographed Durmg Heavy RaInfall 

were taken durmg this study It should be 
recogmzed that a photograph can show the 
condltlon exlstmg at only one particular 
Instant and may fad topresent the mtegrated 
vlsualeffectnoted byobservers As a result. 
the pictures used m this report are those 
selected by the observers as thebest records 
of their visual mxpress~ons 

Fig 2 1s anlght photographof the slope 
lme approach lights taken from the bulldmg 
m the approach area durmg very heavy ram 
Unfortunately, the ramfallwas hlghlyvarlahle, 
and It was lmposslhle to obtain an accurate 
measurement of the rate at the time the 
picture was taken It was estimated at one 
Inch per hour The photograph shows some 
halatlon around the mdlwdual light sources, 
but It 15 not sufficient to destroy the effec- 
tlveness of the pattern. and the vlslblllty 1s 
adequate for beyond 1300 feet Because of 
the rmnor dIstortIon caused by the ram I” the 
atmosphere, It was determlned that the 
greater part of the dIstortIon of light patterns 
usually seen by pIlots at mght was caused by 
the ral” actually hlttlng the wIndshIeld It 
was therefore possible to contmue by con- 
centratIng on a study of the effect of water 
on the wmdshleld by use of artlflclal ram 

Figs 3 through 6 are reproductions of 
a few of the photographs taken to study the 
effect of varying the rate of water flow over 
the wmdshleld The calculations to determme 
the ralnfall rate that 1s bemg simulated are 
hd<cd on ,m alrpl~ne speed of 120 mph At 
,lpproxlmatcly this speed the quantltyofwater 
intcrrrptcd by the wlndsh,eld per un,t t,me 
L- v E r y nrarly I” dlrcct proportton to the 

speed, as can he determIned from the 
relatlonshlps shown III the Appendm 

Fig 3 shows slope lme approach lights 
I” three photographs obtamed through an 
untreated wlndshleld at varyxng sxmulated 
ramfall rates The lowest ramfall rate of 
0 6 Inch per hour shownm this flgurc appears 
to be the upper llmlt of tolerance from a 
conslderatlon both of dIstortIon and of ob- 
scurat~on The views of the co-ordmate grid, 
Fig 5, confirm the same results, Figs 5B 
and 5C show dIstortIon and obscuration above 
the lmxt of effectiveness In Fig 5A. where 
the ralnfall rate 1s 0 4 mch per hour, the 
dIstortIon and obscuratxon are not sufflclent 
to destroy the effectiveness of the pattern 

From Fogs. 3 and 5, It 15 seenthat ram- 
fall rates of 0 6 Inch per hour or more cause 
too great a water flow over the wIndshIeld of 
the alrplane and result III excessive dlstor- 
tlon and obscuratxon of the view RaInfall 
rates of 0 4 Inch per hour do not seriously 
affect the usefulness of the hghts and hght 
patterns From this evidence, an upper 
hmlt of 0 5 Inch per hour was selected as a 
maximum tolerance value 

A study of hourly ramfall observations 
made at Indmnapolls shows that durmg the 
year 1951 ara~nfall of 0 5 Inch was exceeded 
dunng only 0 1 per cent of the txne It. must 
he emphasized that ramfall rates are highly 
varlahle and that rates greater than 0 5 Inch 
per hour often occur for short periods, even 
though sustaIned period5 of heavy rain are 
rare Information obtained from a report 
puhlxshed by the U S Corps of Engmeers on 
ralnfall and runoff data at an aIrfIeld L” the 



Fig 3A Slope Line Approach Lights 
Photographed Through Untreated 
WIndshIeld RaInfall 0 6 Inch Per 
Hour 

Fig 4A Slope Lme Approach Lights 
Photographed Through Wlndshleld 
Treated w It h AntI-Wettmg Agent 
RaInfall 0 9 Inch Per Hour 

Fig 3B Slope Line Approach Lights 
Photographed Through Untreated 
Wlndshleld Ramfall 0 9 Inch Per 
Hour 

Fig 4B Slope Lme Approach Lights 
Photographed Through Wmdshleld 
Treated w 1 t h Antl-Wettmg Agent 
Ranfall 1 5 Inches Per Hour 

Fig 3C Slope Lme Approach Lights 
Photographed Through Untreated 
Wmdshleld Rainfall 1 2 Inches 
Per Hour 

Fig 4C Slope Line Approach L,ghts 
Photographed Through Wmdshleld 
Treated w 1 th Antl-Wetting Agent 
Ra,nfall 2 4 Inches Per Hour 



Fig 5A Co-ordmate Grid Fig 5B Co-ordmate Grid 
Photographed Photographed 
Through Untreated Through Untreated 
Wmdshleld Wlndshleld 
Ramfall 0 4 Inch Rainfall 0 a Inch 

Per Hour Per Hour 

Fig 5C Co-ordmate Gnd 
Photographed 
Through Untreated 
WIndshIeld 
RaInfall 1 1 Inches 

Per Hour 

Fig 6A Co-ordmate Grid F’lg 6B Co-ordmate Grid Fig 6C Co-ordmate Crud 
Photographed Photographed Photographed 
Through Wmdshleld Through Wmdshleld Through Wmdshleld 
Treated with Ant,- Treated with AntI- Treated with Anti- 
Wettmg Agent Wetting Agent Wetting Agent 
Ramfall 1 3 Inches Ranfall 2 0 Inches Ranfall 3 3 Inches 

Per Hour Per Hour Per Hour 
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Fig 7 Photograph of High Intensity Runway 
Lights Through Water-CoveredTruck 
WIndshIeld (Right Half Treated with 
AntI-Wettmg Agent) Truck Standmg 
St,11 on Runway 

IndIanapolls area Illustrates this point well 2 
This report tabulates ramfall rate data 
covermg the two years from August 1944 to 
August 1946 These rates were determmed 
for perlads as short as one mmute Durmg 
these two years, there were only about nme 
hours total tl m e durmg which the ramfall 
rate exceeded 0 5 Inch per hour, and the 
longest contlnuous raInfall exceedmg this 
rate ~a.5 37 minutes long For penods of 
five mmutes or less, however, rates of four 
to 51x mches per hour were not uncommon 

Fig 4 shous views slnxlar to those of 
Fig 3, hut these were taken through a wmd- 
shield treated with the anttl-wettmg agent 
There was no dIstortIon or ohscuratlon even 
at the high ramfall rates simulated Sxmlar 
results were obtaIned from the views of the 
co-ordmate grid shown m Fig 6 

F,gs 7 and 8 are enlargements of 
motion-picture frames taken to determme 
the effect of the air stream on the water flow 
over the wIndshIeld The right half of the 
photographs were made through treated 
glass and the left half through untreated 
glass FLg 7 1s a view lookmg down the 
runway from the truck standlng still, Fig 8 
shows a view from the truck which was 
travelmg along the runway at 60 mph The 
rate of water flow was set with the truck 
standlng St111 so that the hghts a5 wewed 

ZW ar Department, Corps of Engmeers, 
Ohlo River Dlvlslon, “Report on Dramage 
Vrrlflcat,on at M, 1, t a r y Estabhshments, 
Apprndlr II. Rainfall and Runoff Data,” 
Lou~svllle Engineer Dlstrlct, Loulsvxlle, Ky , 
Jlmc 1947. pp 21-4, 

Fig 8 Photograph of High Intensity Runway 
Lights Through Water-CoveredTruck 
Wmdshleld (Right Half Treated with 
AntI-Wetting Agent) Truck Movmg 
Along Runway at Sixty Miles Per Hour 

through the untreated part of the wIndshIeld 
were at the lxnlt of their effectiveness 
Since the rate of water flow was not changed 
at any time, the only difference observed 
with the truck in motion would he due to the 
air flow Although there 1s a shght Increase 
m the halatlon at each light with the truck 
m motlon. the effect IS small compared to 
the mcreased dlstortlon resultmg from I”- 
creasing the ramfall rate on the wmdshleld 
as illustrated xn Fig 3 

Fig 9 1s an enlargement of a motion- 
picture frame taken from an alrplane durmg 
a comparatively hght ramfall There 1s 
some reduction In vlslhlllty but practically 
no distortIon Note the streaks of water 
flowmg upward and to the left Fig 10 shows 
a snnllar photograph taken m 1949 durmg 
experimental landing o p e r at 1 on s at the 
Landmg Alds Experiment StatIon, Arcata, 
Callfornla The dIstortion of the left row 
of lights shown m this figure 1s excessive 
smce It was caused by water from the wash 
of the wIndshIeld wiper However, It does 
Illustrate the possible effect that can result 
from extremely heavy water flow on the 
wmdshleld 

CONCLUSIONS 

From the datapresented. It can he con- 
cluded that the dlstortlon resultmg from ram 
durmg flight 1s almost wholly a result of the 
quantity of water Intercepted by a unit area of 
wmdshleld per umt time The carrelatIon 
between greater dIstortIon of hght patterns 
and mcreased quantltles of water presumably 
results from the greater posslblllty of less 
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F,g 9 Slope L,ne Approach Lights a~ Indianapolis Durmg Light Ramfall (0 02 Inch Per Hour) 



umformty I” the thickness of the layer of were about 0 5 Inch per hour or less on 
the water on the wlndshleld as the thickness untreated wIndshIelds When the wmdshields 
Increases were treated w,th a” antI-wettmg agent. 

At normal approach speeds the light raInfall of four or five times this rate could 
patterns would not be too adversely affected be tolerated 
eve” w,thout wIndshIeld wipers If the ra,nfall 

APPENDIX 

I” order to sm,ulate the ramfall on the 
wmdshleld of an amplane travelmg through 
space at a give” “eloclty, It was necessary 
to know the quant,ty of water lncldent on such 
a surface per unit time For normal a,=- 
plane maneuvers, the quantity of water 
strlkmg the wmdshleld per umt time (m 
cubic Inches per second) may be expressed 
to a close approxmatm” by 

Q = VvhA(cas 9) + VvvA (a” 8) 

where 

A = wet are a of the wndshleld, I” square 
Inches 

E=angle of wIndshIeld from verttcal 

“h 
= horizontal veloc,ty of w,“dsh,eld w,th 

respect to x-a,“, I” Inches per second 

v = vertical velocity of ra,” wtth respect 
v 

to ground. L” Inches per second 

v = volume concentratlo” of water 1” space, 
III cubic Inches per cubic Inch 

The first term of the equatmn re- 
presents the water collected by the vertical 

pro,ect,o” of the wtndshleld The second 
term represents the water collected by the 
horizontal proJectm” The quantltxs A, “h, 
and 8 are either know” or can be easily 
measured It was necessary to determ,“e 
vy and V expermentally These unknown 
factors are not Independent, the,r product 
IS the depth of ramfall collected on the 
ground p e r unit time Thus, If either one 
1s known, the other can be determmed for 
any given ramfall 

The vertical velocity of ramfall was 
determIned by photographmg =a~” agamst a 
co-ordmate grid background w,th a camera 
whose s hutte r speed had been accurxtely 
cahbrated A” average of 50 such determl- 
natIons gave a vertical velocity of 236 Inches 
per second This value 1s wlthln the range 
of ramdrop veloclt,es determined theoretl- 
tally by Green 3 Knowmg this value of vv, 
V may be calculated for any given ramfall, 
and these value s together w,th the known 
values of A, vh, and 8 may be substituted I” 
the equatmn for Q 

3Gree”, Robert L , “Evaluatmn of Air 
Reslstance to Freely Fallmg Drops of Water,” 
Agr,cultural Englneerlng, Jan 1952,Vol 33, 
No 1,p 28 


