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1571 ABsTaAcr 
Disclosed is a method of visualizing laminar to turbu- 
lent boundary layer transition, shock location. and lami- 
nar separation bubbles around a test surface. A liquid 
crystal coating is formulated using an unencapsulated 
liquid crystal operable in a temperature bandwidth 
compatible with the temperature environment around 
the test surface. The liquid crystal coating is applied to 
the test surface, which is preferably pre-treated by 
painting with a flat black paint to achieve a deep matte 
coating, after which the surface is subjected to a liquid 
or gas flow. Color change in the liquid crystal coating is 
produced in response to differences in refative shear 
stress within the boundary layer around the test surface. 

2 Claims, 1 Drawing Sheet 
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METHOD FOR LAMINAR BOUNDARY LAYER 
TRANSITION VISUALIZATION IN FLIGHT 

ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 

ees of the United States Government and may be manu- 
factured and used by or for the Government for govern- 

thereon or therefor. 
mental purposes without the payment of any royalties 

BACKGROUND OF THE INVENTION 
This invention dates to boundary layer transition 

measurements and more particularly to a method of 
visualizing Zaminar to turbuknt boundary layer transi- 
tion in flight environments. 

Thevisualization of laminar to turbulent boundary 
layer transition plays an important role in flight and 
wind trmnel aerodynamic testing of aircraA wing and 
body surfaces visualization helps provide a more corn- 
plete UndasCandrn - g of both transition locations and 
transition modes Without visunlization, the transition 
process is very difficult to understaad. 

Several flow vhal imion methods have previously 
bem developed to measure laminar boundary layer 
transition to turbulence. These methods include the use 
of oil, flows, liquid films china clay and subliminating 
chemicals. These prior methods s&er from numerous 
disadvantages which preclude their practical use for 
in-flight aerodynamic testing. chief among these disad- 
vantages is that for many atmospheric conditions the 
pmrious methods arc not of practical use, particularly 
at higher altitodes and colder tan- Moreover, 
these methods& not have arapid time response: and, as 
the methods arc not reversible, dimly OIK trausition - 
sunmnt pa fight can be obtained Liquid crystpls 

limitations of prior mahods of boundary layer flow 
visualization. 

Liquid CrystalSam a p e c u b  state ofmatter between 
solid and liquid. Although they appear as oily liquids, 

have great potential for overunning the debilitatin g 

they have Certain m~~hanical propatks Which hi- 
larto solid crystals. In particular, liquid crystals scatter 
light very Jtlectively. In their molcadar state they are 
arranged in a series of slabs. Each molecule is long (with 
an aspect ratio of about 8). and in each slab the mole- 
cules arc aligned with each other. The slabs are rotated 

applicable throughout the altitude and speed ranges of 
al l  subsonic aircraft flight envelopes 

A further object of this invention is to provide a 
method of boundary layer transition visualization 

5 which is applicable to water tunnel research. 
Other objects and advantages of this invention will 

become apparent hereinafter in the specification which 
follows. 

SUMMARY OF THE INVENTION 
For use in aerodynamic or hydrodynamic testing, a 

liquid crystal mating is formulated to change colors in 
response to differences in relative shear stress within the 
tempenrturr environment of a test object. This liquid 

15 crystal mating is then applied to the surface of the test 
object, and the test object is subjected to a liquid or gas 
flow uther in fight or in a wind or water tunnel. By 
recording and measuring the color changes produced 
within the boundary layer surrounding the surface of 

20 the test object, transition locations and modes are ob- 
served as well as such aerodynamic phenomena as 
shock locationS and laminar separation bubbles. 

BRIEF DESCRIPTION OF THE DRAWING 
The single drawing FIGURE schematically illus- 

trates the use of a liquid crystal coating in visualizing 
boundary layer transition, as contemplated by the pres- 
ent invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Before describing the use of a liquid crystal coating in 
visualizing boundary layer transition as contemplated 
by the present invention, a brief discussion of relevant 

35 boundary layer behavior is in order. As boundary layers 
develop in fluid flow over any surface, shear strrss is 
af&ctcd by local pressure gradient, Reynolds number. 
Mach number, and surface roughness. As Mach number 
incrrases wall temperatures increase relative to frees- 

40 tream static values, as a result of compressibility. The 
amount of temperature rise depends on whether the 
wall is in a laminar or a turbulent boundary layer. Wall 

turbulent boundary layers. The most significant change 
45 in shear stress and temperature at compressible speeds 

OCCUR with transition from laminn+ to turbulent flow. 
The magnitude of shear stress can change by a factor of 
as much as eight, dcpendmg on Reynolds number, and 
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temperaturr is slightly greater at oubsonic speeds in 

slightly, or& on top of the other, forming a helix of wall temperature can change by more than M' F. near 
molecular orientation. Formitously. the pitch length of 50 M= 1. Liquid crystal matings indicate transition by 
the resulting helix is in the range of wavelengths of changing colors in response to these large relative dif- 
visibk light. Thus when the hdix is subjected to catain fmnces in wall shear and temperature. 
physical influencq the helix pitch changes and the For use in aerodynamic or hydrodynamic testing, a 
Wvelcngth of reflected light changes accordhgly. In liquid crystal coating is formulated to change colors in 
this fashion liquid crystal coatings change colors in 55 res~~toditrcrencesinrelativeshearstresswithinthe 
rrsponse to changes in shear stress, temperature, pres- temperature environment of a test object. Referring to 
me, ferromagnetism, and certain chemical vapors. the drawing, this liquid crystal coating 1 is then applied 
since the fundpmental chemical structurr is d e c t e d  to a test surface 2 of the test object, and the test object 
by these changes, a liquid crystal coating will respond is subjected to a liquid or gas flow 3 either in flight or in 
repeatably to the same physical changes. Thus, the 60 a wind or water tunnel. The test surface 2 is prepared by 
color changes of some liquid crystal formulations can be painting with a flat black paint, preferably applied to 
reversible virtually indefinitely. achieve a deep matte-paint coating texture. This deep 
Accordingly, it is an object of this invention to pro- matte paint surface absorbs a sufficient quantity of the 

vide a new method of in-flight boundary layer transition liquid crystal to provide reliable performance of the 
visualization which is reversible. non-toxic, easy to 65 flow visualization method. The liquid crystal material 1 
apply, inexpensive, and has a rapid time response. may be applied to the painted surface by spraying or 

A further object of this invention is to provide a brushing. Employing a light source 4 and recording and 
method of in-flight transition visualization which is measuring (as at 5) the color changes produced within 
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the boundary layer surrounding the surface of the test Source behind the viewer. Optimum angles between the 
object. transition locations and modes can be observed light source, the test surface plane, and the viewer can 
as well as aerodynamic phenomena such as shock loca- best be determined by orbiting the aircraft in a circular 
tions and laminar separation bubbles 6. path, and varying the bank angle until the most brilliant 

For a particular application, it is important that the 5 color reflections are observed. This procedure helps 
liquid crystal operational temperature bandwidth is locate the optimum combinations of sun and viewing 
compatible with the temperature environment experi- angles. If the test contains substructure which acts as a 
enced on the test surface. When this condition is met, heat source or sink, these locations appear either as 
shear stress dominates over temperature in determining colored or as colorless areas. Therefore, a knowledge of 
the liquid crystal color response. Liquid crystals with 10 the airframe structure is important to avoid misinterpre- 
narrower temperature response bandwidths can have tation of coating patterns in such areas. 
greater sensitivity to smaller changes in shear than Liquid crystals can be formulated to change colors 
wider bandwidth formulations. However, a major dis- across the entire visible bandwidth as small as 0.9' F. or 
advantage of using narrow temperature bandwidth as large as 90' F. Temperatures fnr initid cebr  indica- 
crystals is that only s!ight ~ h ~ g t f  in the iei  environ- 15 tion can vary from as low as -22' F. up to 480" F. The 
ment temperature can cause the crystals to turn clear or event temperature is defined as the lowest temperature 
opaque as the temperature changes out of the active when the fmt color indication is visible. The clearing 
response range. Small changes in altitude and/or Mach temperature is the upper temperature limit where the 
number (compressibility.heating) can easily cause this to last color indication is observed, and the temperature 
occur. At constant speed (Mach number), for example. 20 bandwidth is the temperature range between the first 
a bandwidth of 35' F. would provide liquid crystal red indication and the first blue indication. Whether the 
color response over an altitude range of about 10,oOO first color indication will be deep red or violet depends 
feet (assuming adiabatic lapse rate). Thus. for many on the direction in which the molecular helix is wound. 
flight applications, wider temperature bandwidth liquid Typically. blue marks the upper end, and red marks the 
crystal formulations are desirable to provide maximum 25 lower end of the active temperature range. Liquid crys- 
test flexibility in terms of speed and altitude. tal coatings can respond very rapidly to changes in 

The particular liquid crystal formulation to be used shear stress or temperature distribution; time constants 
on any given test object in any given environment must as small as 0.2 seconds have been observed. To date, 
be determined experimentally. An example is provided there are no known human toxic hazards associated 
using a Gates Learjet Model 28/29. This aircraft is a 30 with the use of liquid crystals. For many relatively 
high performance twoengine business transport. Past higher temperature applications, cholesteric liquid crys- 
flight research shows the wing and winglet on this air- tals are d. In high-altitude environments, chiral ne- 
plane to provide extensive runs of laminar flow. Partic- matic types of liquid crystals have been most success- 
ularly useful is the high altitude capability of the air- fully used, since they can be formulated with much 
plane, which allom test conditions extending up to 35 lower temperature bandwidth ranges than cholesteric 
speeds of Mach 0.8 and altitudes of 51,000 feet. formulations. With care, the liquid crystals are also used 

In determining the proper liquid crystal formulations to indicate the locations of such aerodynamic phenom- 
to use, the approxhatc surface wall temperature must em as shock locations and laminar separation bubbles, 
be estimated for the flight condition of interest. During as well 89 separated flows. Liquid crystals also have 
the Learjet flight tests, the flight conditions at the event 40 been found to be quite useful in wind tunnels, where 
temperature for the liquid crystal coating are recorded. they have worked well at dynamic pressures as low as 5 
Based on these records, the surface temperature is esti- pf. 
mated using the following equation and assuming a Although particular embodiments of the invention 
temperature recovery factor, K. of 0.58-0.70 for the have been described and illustrated herein, it is recog- 
laminar boundary layer: 45 nized that modifications and variations may readily 

occur to those skilled in the art, and consequently, it is 
intended that the claims be interpreted to cover such 

. 

modifications and equivalents. 
What is claimed is: 

Y - - l  

M 1. A method of visualizing laminar to turbulent 
boundary layer transition, shock location, and laminar 
separation bubbles around a test surface, the method 

formulating a chiral nematic liquid crystal coating 
using an encapsulated liquid crystal operable in a. 
temperature bandwidth compatible with the tem- 

Normally, for adiabatic surfaces, K=0.84 for laminar perature environment around the test surface; 
and Kd.86-0.88 for turbulent boundary layers; how- applying said chiral nematic liquid crystal coating to 
ever, since typical airplane wing surfaces are adiabatic, the test surface; and 
the actual temperature recovery is reduced. 60 subjecting the test surface to a liquid or gas flow; 

Upon reaching the appropriate flight condition whereby a color change is produced in response to 
(Mach number, and altitude) the liquid crystal coating differences in relative shear stress within the 
develops different colors in the laminar and turbulent 
boundary layers, or develops a color pattern at the 2. A method according to claim 1 wherein the test 
transition location, depending on the formulation used. 65 surface is prepared by painting with a flat, black paint to 
Tests have shown the lighting angle to be the dominat- achieve a deep matte coating which is capable of ab- 
ing factor in determining coating color indications. The sorbing the chiral nematic liquid crystal material. 

where: 
Tw= adiabatic wall temperature, 
Ts= static temperature, comprising: 
7 =ratio of specific heats, 
K = temperature recovery factor, and 
M=Mach number. 
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boundary layer around the test surface. 

best lighting angles are those which place the light . . e . .  
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