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FOREWOR D

The Quarterly Bulletin is designed primarily for the information of Canadian
industry, universities, and government departments and agencies. It provides a regular
review of the interests and current activities of two Divisions of the National Research
Council Canada:

Division of Mechanical Engineering
National Aeronautical Establishment

Some of the work of the two Divisions comprises classified projects that may
not be freely reported and contractual projects of limited general interest. Other work ,
not generally reported herein , includes calibrations, routine analyses and the testing of
proprietary products .

Comments or enquiries relating to any matter published in this Bulletin should
F be addressed to: DME/NAE Bulletin , National Research Council Canada , Ottawa ,

Ontario , K1A 0R6 , mentioning the number of the Bulletin.

AVANT-PROPOS

Le Bulletin trimestriel est conçu en premier lieu pour l’inforination de l’indus-
trie Canadienne , des universités, des agences et des départements gouvernementaux.
II fournit une revue régulière des intérêts et des activités actuelles auxquels se consacrent
deux Divisions du Conseil n ational de recherches Canada:

- 
Division de genie mécanique

Etablissement aéronautique national

Quelques uns des travaux des deux Divisions comprennent des projets classi- —

fiés qu ’on ne peut pas rapporter librement et des projets contractuels d’un inté rêt général
limité . D’autres travaux , non rapportés ci-après dans l’ensemble , incluent des étalonnages,
des analyses de routine , et l’essai de produits de spécialité.

Veuillez adresser tout commentaire et toute question ayant rapport a un sujet
quelconque publié clans ce Bulletin a: DME/NAE Bulletin , Conseil national de recherches —

Canada , Ottawa , On tario , K J A  0R6, en faisant mention du numéro du Bulletin.
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A COMPARISON OF TIlE T U R B U L E N T  CHARACTERIST iCS OF CUMULUS

CLo UDS MF :AsuREI ) N E A R  YE~ LOWKNtFE AND THUNDER BAY

by

J.I. MacPherson
Flight Research Laboratory

ABSTRACT

While serving as the seeding aircraft in a rain fall enhancement research program , the NAE
T-33 atmospheric research aircraft made turbulence measurements in the tops of towering cumulus
clouds near Yellowknife, N.W.T. and Thunder Bay, Ontario. Since the T-33 penetrations all tended to
occur at rough ly the same stage of each cloud’s lifetime, and at about the same heigh t below cloud top,
the data collected afford the opportunity to compare the dynamical characteristics of cumuli measured
over forested lakeland within 350 km of each location.

Data from 28 penetrations of 15 clouds at Yellowknife are matched with an equal number
of gust records collected in 18 Thunder Bay clouds. Included among these clouds are 21 of the total
of 25 seeded with silver iodide during this experiment. Comparisons of the RMS and peak gust veloc-
ities, spectra , turbulent energy dissipation rates, and aircraft vertical accelerations all indicate that on
the average the tops of cumulus clouds in the Thunder Bay area were more turbulent than their coun-
terparts at Yellowknife .

1.0 INTRODUCTION

Since 1974 the Flight Research Laboratory of the National Aeronautical Establishment
(NAE) and the Cloud Physics Research Division of the Atmospheric Environment Service (AES) have
co-operated in a rainfall enhancement research project to determine if cumulus clouds could be modi-
fied to produce precipitation for forest fire suppression. Silver iodide seeding experiments were con-
ducted out of Yellowknife , N.W.T. in 1975 and 1976 and out of Thunder Bay, Ontario in 1977 and
1978. I n addi tion to data collected in 25 clouds seeded wi th silver iodide , the natural microphysical
and dynamical characteristics of a total of 126 summer cumulus clouds have been documented (Refs . 1
to 10).

Three NAE aircraft were used in most of these seeding experiments. The Twin Otter served
as the command aircraft and measured the microphysical properties of the individual clouds before
and after seeding. In addition to an array of AES cloud physics instrumentation that included four
Particle Measuring Systems (PMS) particle spectrometers , it carried an NAE instrumentation package
to record aircraft position and motion , clou d dynamical data, and meteorological state parameters
such as temperature , dew poi nt , and winds. The Beech 18 aircraft was used to observe cloud base
conditions and to make quantitative assessments of rainfall rates using a PMS precipitation particle
spectrometer. Silver iodide seeding was accomplished with the T-33 atmospheric research aircraft
( Fig. 1) fitted with wing-mounted pod s to carry end-burning flares. The seeding procedure usually
required an along-wiid penetration of the cloud and then a crosswind seeding run 300 to 600 m below
cloud top. Primarily nstrumented for turbulence research , the T.33 measured in-cloud gust velocities
on each penetration a well as position , doppler winds, and several meteorological parameters . After
seeding, it was ci rcled about the cloud top to monitor and film subsequent changes in the cloud’s
str ucture .

W i t h  the comp letion of two summers of seeding trials at Yellowknife and two at Thunder
Bay, it is probable that experiments to stimulate rainfall for forestry purposes have been concluded ,
and that future 0: rations wi ll  adth~~s dif feo nt proHems in the cloud phyS~~s f u ~d

_
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time, therefore , to review the data col lected to date, in particular to compare the Yellowknife data
with that from Thunder Bay, since two almost equal samples of clouds have been studied. Throughout
this co-operative project, the AES and the NAE have naturally tended to divide the analysis and report-
ing of data into their own fields of expertise, with the AES concentrating on the cloud microphysics
and the NAE recreating fligh t tracks and analyzing the dynamical characteristics of the clouds. In this
report , it is the turbulent characteristics of clouds near Yellowknife and Thunder Bay that will be corn-
pared , utilizing RMS and peak gust velocities , turbulent energy dissipation rates , and power spectra .

2.0 THE DATA SET OF CLOUDS STUDIED

Th e comparison of th e tu rbulent characteristics of cumulus clouds at Yellow k n ife with
those of Thunder Bay was originally undertaken in an attempt to improve the understand ing of the
dramatically different results of seeding trials at the two locations. In the four field experiments a
total of 25 clouds were seeded with silver iodide , 16 near Yellowknife and nine in the Thunder Bay
area. Approximately 40 percen t of Yellowknife cumuli rained after seeding. Twin Otter measure-
ment s before and after seeding indicate that a seedi ng effect , i.e. the production of ice crystals or pre-
cipitation embryos, occurred in about 60 percent of the treated clouds. Those that did not produce
precipitation had lifetimes of less than 20 minutes. At Thunder Bay, of the nine clouds seeded with
silver iod ide, rainfall occurred beneath only one , and this was possibly from an adjacent unseeded
turret. Seeding effects were measured in approximately 40 percen t of the clouds on subsequent pene-
trations by the Twin Otter. Thunder Bay clouds were found to be deeper , wetter , with a lower natural
background concentration of large particles than Yellowknife clouds , all tending to make them more
‘seedable’. However, for the limited sample studied, it appears that the lifetimes of Thunder Bay
clouds were so short that cloud seeding could not be effective.

When studying clouds from two different geographical areas, care must be exercised in
forming the basis for comparison , for the very nature of clouds makes them difficult entities to com-
pare. In both the Yellowknife and Thunder Bay experiments, cumulus clouds selected as possible
seeding candidates had to meet the following criteria:

a depth greater than 1.5 km

cloud top temperature between -7 and —20°C

a top with a solid and growing appearance

a cloud top relatively isolated from its neighbo L~rs

no rain visible within 15 km of the centre of the cloud.

All measurements were made in summer cumulus clouds within the period July 2 to July 25 at
Yellowknife and June 24 to July 12 at Thunder Bay. Clouds forming this data set were located over
forested lakelan d within 200 n miles (370 km) of either Yellowknife (62 °28’N , 114°26’W) or Thunder
Bay (48°22’N , 89°19’W). None of the clouds was over either Great Slave Lake or Lake Superior when
initially penetrated. Operational techniques at each locale were essentially the same. After cloud
selection , the Twin Otter made one or two penetrations followed by the along-wind and crosswind
seeding (or mock seeding) run by the T-33. In some cases one of these runs was eliminated to save
time prior to seeding. After the T-33 passes were completed , the Twin Otter continued its series of
penetrations at about 300 m below cloud top, usually until the cloud dissipated.

For a number of reasons, the data used in this study are restricted to only a fraction of the
total collected during the four seeding experiments. First of all , because of limited time and funds for
digital computation , a complete turbulence analysis was done for peietrations in onl y 41 of the total
of 126 clouds studied in this project. Clouds selected for this analysis included all those in which the
T-33 flew seeding or mock seeding runs (control cases), and as well as those natural untreated clouds
in which interesting microphysical data were measured. Secondly, the data set used in this paper is

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ •-— - •
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further restr icted to tha t measured by the T-33, for its instrumentation was specifically designed for
turbulence research and is capable of measuring the three orthogonal components of the true gust
velocity. The Twin Otter is not as yet fitted with vanes to record angles of attack and sideslip, so
lateral gusts cannot be measured and vertical gusts are computed using an approximate technique that
is only accurate over a limited wavelength range ( Ref. 3). Thirdly, for a mean ingf u l comparison of
cloud data , penetrations have to be made at rough ly the same relative posi tion in each cloud at about
the same stage of the cloud’s life time. This can be accomplished by using only data from T-33 pene-
trations near the normal seeding altitude ( 300 - 600 m below cloud top) recorded near the time of
normal seeding operations, usually five to 10 minutes after cloud selection. It must be emphasized
that all of the clouds in this study can be considered as natural cumuli. Although many of the turbu-
lence records were made during seeding ru ns , none was recorded af ter  seeding, when the dynamical
character ist ics of the clouds might have been al tered by the seeding agent.

When these restrictions are applied to all the T-33 records , data from 28 penetrations of 15
different clouds at Yellowknife can be matched with an equal number of penetrations of 18 Thunder
Bay cumulus clouds. Included among these clouds are 21 of the total of 25 seeded with silver iodide
during the experiment. Table 1 identifies the flight dates and run numbers for the data used in this
paper and summarizes the computed turbulence parameters for each cloud penetration. The indicated
references can be consulted for further details of these runs , including fli ght descriptions , f ligh t track
plots, and t ime histories of the gust velocities and other parameters.

3.0 DATA PROCESSING AND EXAMPLES

True gust velocities are calculated by subtracting the aircraft transient inertial velocities , as
measured by accelerometers, rate gyros, and a doppler rada r , from the air motion relative to the air-
craft measured by the primary sensors on the nose gust boom. The resulting gust components are
then resolved into earth-fixed axes aligned with the mean wind direction , as computed from true air-
speed , heading, and doppler da ta. F’A tering of the three orthogonal gust components provides time
histories describing the air motion independent of the characteristics of the aircra ft over a wavelength
range from approximately 15 to 2500 m for a typical true airspeed of 140 ms~~.

For a cloud penetration , the true gust velocity time histories are computed over a period of
nearly straight fligh t from a few seconds prior to cloud entry to a few seconds after exit. The in-cloud
portions of the time histories are then extracted automatically using the signal from either the event
marker pressed in cloud by the navigator or the Johnson-Williams liquid water sensor . Peak and RM S
values are computed for the three components of the true gust velocity and the aircraft vertical accel-
eration. Spectra of the gust traces are calculated in both aircraft- and earth-fixed axes. To estimate
the von Karman scale lengths, the basic principle is to fit the computed spectrum of each gust compo-
nent with the appropriate von Karman expression (Ref. 11). This is accomplished by equating the
integrated experimental gust spectrum to the von Karman spectrum integrated over the same frequency
band. This latter is easily integrable and solely a function of scale length when a frequency band is
selected above the k nee, i.e. on the straight line part of the spectrum. A similar technique is employed
to calculate the rate of dissipation of turbulent kinetic energy (Ref. 2). The Kolmogorov law may be
written as ~I ( k )  = ae 213 k_ 5 13 , where b is the power spectral density , k is wave number , c~ is a constan t ,
and E is the rate at which energy is dissipated in the cascade of energy from larger to smaller eddies in
the inertial subrange. The dissipation rates listed in Table 1 were computed by integrating both sides
of the above expression over a portion of the inertial subrange , using the spectru m of the longitudinal
gust component and o set to 0.16.

The type ~f data generated during these cloud penetrations can best be illustrated with ex-
amples. Figure 2 shows time histories for the penetration of Cloud 831 at Thunder Bay (Run 103-2
in Table 1). The traces represent the event marker , liquid water content , the three components of
true gust velocity in wind axes , static temperature , and a running value for dissipation rate . This last
parameter is comput ed by the me thod described above , bu t at 1 second intervals using a 2 second
wide windo w of data bracketing each point. Figure 3 depicts the plan and elevation views of the
resultant total gust vectors in aircraft axes. Each tick on the vectors represents 1 ms~~ - On this run

~~~~~~~~~~~~~~~~ — ___________
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the ‘l’ -33 encountered tht largest gusts nwasured in any cloud to date in this program . The penet ration
was made at an a l t i tud e  of 459() m about 30~ off a direct in t o -wind  heading.  ‘I he top of I he cloud was
growing and n ached 5760 m about -1 minutes after the ‘1 -33 run.  The vector p lot shows down dra ft s
on entry into the downwind quadrant of the cloud , followed by an area of strong updrafts  650 m wide
centred just upwind of the  mid-cloud position , with smaller downdrafts  just inside the up wind  wall of
the cloud. The peak vertical gust component measured near the cloud centre was a record 12.5 ms ’,
which when combined with the longitudinal and lateral components produced a gust vector of over
15 rns The RMS of the longitudinal and vertical gust velocities wi th in  cloud (5.17 and 5.35 ms~~
respectively ) were both record ‘ evels for this program as was the turbulent  energy dissi pation rate of
1199 cm~ s~~ .

Figure 4 illustrates the elevation views of gust vectors measured in the tops of clouds at three
different stages of development. The accompanying event marker trace defines the in-cloud period by
an inc reased signal level. The upper vector plot is from Run 93-2 made about 600 m below cloud top
du ring the period of strong vertical development. Rarel y in this program has a penetration produced
such an excellent example of a strong relatively smooth updraft in the centre of a cloud with corr e~
sponding overt u rning and downflow at the edges. The middle illustration comes from a penetration of
an active cloud (Run 101-1 ) about 1 to 2 minutes after it had reached its peak height about 600 m
above the fligh t level. The turbulent mixture of gusts in almost all directions is typ ical of a large
fraction of the pene tration data collected in this program and appears to be indicative of the end of
the growth phase of the cloud. The final plot of Figure 4 shows rong downdraft s in Cloud 830 which
was clearly dissi pating. The lifetime of this cloud was very short , and although it reached a peak of
5900 m just prior to this run , the cloud had disappea red 5 minutes later.

4.0 THE COMPARISON OF YELLOWKNIFE AND THUNDER BAY CUMULUS CLOUDS

The distributions of RMS gust velocities from Table 1 are presented in Figure 5 for
Yellowknife and Thunder Bay clouds. It is evident that , of the clouds penetrated by the T-33, those
at Thunder Bay tended to have the higher turbulence levels. The Thunder Bay distributions are also
more skewed than those of Ye llowknife , a consequence of the very high RMS levels experienced on a
few of the penetrations , particularly in the longitudinal and vertical components. At Yellowknife
none of the measured RMS levels in any component of gust velocity was greater than 3.0 ms - I

; at
Th u nder Bay , in the vertical component alone , this level was exceeded on 21 percent of the pene tra-
tions. Put in other terms , pen etrations in which a~, exceeded 3 ms ’ occurred in 6 clouds at Thunder
Bay, representing fu lly 1/3 of those in this study. The skewness is reflected in the significant differ-
ences between the median and mea n values for the Th unde r Bay distr ibu t ions. Therefo re, when com-
paring Th un der Bay and Yellowkni fe distrib ut ions, greater differences are observed when mean values
are used rath er than medians. Anoth er observat ion from these data is tha t for the clouds of both
locales, average RM S levels for the vert ical componen t signi f icantly exceed those of the longitudinal
and la teral componen ts, which are more even ly matched.

This point is more readily demonstrated in Figure 6, where the in-cloud RMS of the vertical
fluctuation (°~~

) is plotted against the RMS of horizontal gusts (°h) for each penetration at both ex-
perimental locations. The vertical component u~, exceeds Gh in 85 percent of the cases, with most of
the poin ts lying between the a~ = ah and a,~ = 2Uh li nes. The median cJ~ /ah ratio was 1.22 for
Yellowknife and 1.30 for Thunder Bay. Figure 6 also demonstrates the greater range of turbulence
experienced in clouds at Thunder Bay than at Ye llowknife .

The median values for the von K arman scale len gths fo r the 28 Thund er Bay cases are
105, 104, and 171 m for the longitudinal (along wind ), lateral , and vertical components respectivel y.
The corresponding values from the Yellowknife data are 96 , 103, and 141 m. In both cases the scale
of the vertical turbulent fluctuations within cloud is significantl y greater than those of the horizontal
components. This is not surprising since it is the vertical component that is initially fed the energy
produced from the latent heat released through condensation of water vapour in the cloud. The
median longitudinal and lateral scale lengths from the Thunder Bay data are comparable with those
measured at Yellowknife , hu t the vertical component is some 20 percent greater. This observation , as

~
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well as the increased o
~~/0h ratio for Thunder Bay clouds , may he a reflection of Lne greater depth of

clouds at Thunder Bay or their hi gher liquid water contents. In the deeper clouds proportionally more
of the energy appears to be in the vertical component. The greater depth of the clouds at Thunder
Bay is a consequence of the hi gher freezing level there during the summer months. This can be seen
by comparing penetration altitudes and temperatures listed in Table 1. At Ye ll owknife the median
temperature was measured as 8 ’ C at the median penetration altitude of 4020 m (13 ,200 ft.).  At
Thunder Bay, duri ng essentially the same period of the year , the median pene tration a l t i tude  was
nearly 600 m higher at 4610 m (15 ,100 ft.),  bu t the corresponding temperature was warmer , register-
i n g- 6 °C.

The distr ibut ions of peak upward and downward vertical gust velocities encountered in each
cloud top penetration are illustrated in Figure 7. The histogram of the peak upward velocities is more
skewed than that for the down gusts , par t icu larl y in the case of the Thunder Bay da ta. Five of th e 18
clouds from the Thunder Bay data set had peak upward gusts exceeding 8 ms ~~, i.e. greater than any
cloud at Yel lowknife. Incidentally, the gust vectors from the two clouds with the largest peak vertical
velocity components are illustrated in Figures 3 and 4. The vertical velocity tim e history was also
averaged over the in-cloud period for each penetration and found to be small (generally less than
1.0 ms ’ ’ , and sometimes negative), although in most cases the cloud was sustaining itself. A principal
observat ion from these penetra t ions at the poten t ial seeding level , is that at these altitudes the cloud
structure is quite turbulent ard cannot be represented as a simple smooth updraft . Although there are
notable updraft s to be seen in these clouds , they usuall y do not extend over the whole cloud width ,
but are instead rela t ively narrow in extent and often separated by sharp downdrafts. Usuall y the peak
downdraft within the cloud occurs near its edge. The majority of clouds penetrated on this study had
turbulence profiles resembling that of the middle illustration of Figure 4 , which appears to be repre-
sentative of a cloud that has grown to near its maximum height.

Figure 8 presents the turbulent energy dissipation rates ( e )  near cloud top calcu lated from
the spectra of the longitudinal component of turbulence in aircraft axes. The dissipation rate is an
importan t parameter for estimating the rate of dispersion of nucleating material within a cloud. The
diameter d of a plum e expa nding from an axis formed by the passage of a burning flare can be esti-
mated using the expression d2 = €t 3 (Ref. 4), where t i n  seconds is less than 1000. To disperse seeding
agent across the diameter of a 1 km wide cloud , for example , would require about 8 minutes for a
dissipation rate of 100 cm 2 s 3 (light-moderate turbulence), but only 3V minutes for c = 1000 cm 2 s 3
(moderate-heavy turbulence). The higher dissipation rates evident in Figure 8 for the cumuli of —

Thunder Bay are another manifestation of their generally greater turbulence levels. The median values
of e were measured as 288 cm 2 s 3 for Thunder Bay clouds and 165 cm 2 s 3 for those of Ye llowknife ,
For the example 1 km wide cloud , the silver iodide would be dispersed by turbulence across it about
1 minute faster using the dissipation rate representative of Thunder Bay cloud tops.

Average normalized spectra for the three orthogonal components of turbulence within
cloud have been plotted for the Yellowknife and Thunder Bay data (Fig. 9). Prior to computing the
overall averages for each location , individual spectra from each penetration were smoothed by averag -
ing spectral estimates over some 23 equal logarithmic wavelength intervals. For both presentations in
Figure 9 the spectru m of the vertical component clearly has a larger scale length , for there is relatively
more energy at long wavelengths and less at the shorter wavelengths than for the other two compo-
nents. The resultant von Karman scale length of the vertical component exceeds the mean of the
horizontal components by 40 and 60 percent for Ye llowknife and Thunder Bay respectively. The
spectra of all three gust components approximate the -5/ 3 power law for wavelengths up to about
400 m. .\ pr eviously-published analysis of the Ye llowkni fe data (Ref .  7) indicated a possible steeper
slope of app r ox ’mate lv  1.85 for the  vertical component in the wavelength range 70 to 400 in. It was
postulated that this  was a result of the latent heat released through condensation producing turbulent
eddies wh i ch  fell  preferentially into this wavelength range. The Thunder Bay data do not appear to
support a similar observation.

One reason for recording the turbulence levels experienced in this cloud seeding experiment
is the consideration of aircraft and aircrew safety during cloud penetrations.  The absolute value of
the peak vertical acceleration increment and the RM S computed over the in-cloud period are listed in

~~~~~~~~—- - -‘~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ ‘~~~~~~~~~~- 
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‘Fable 1 for each run.  From recommendations of the Internat ional  Civil Aviat ion Organization ,
frequent gust-induced acceleration increments of 0 5  to 1.0 G are considered as moderate turhul en~’e ,
with accelerations greater than 1.0 G designating severe turbulence. This level was exceeded in the
T-33 in six clouds at Thunder Bay, hut  in only one at Y el l owkni f e .  h owever , a person ’s judg ement  of
the severity of turbulence is a func t ion  of not only the incrementa l acceleration level hut also the
duration of exposure to these accelerations. Figur e 10 relates RM ~ accelerations and exposure time to
crew tolerance of turbulence (R e f .  12). l{MS vertical accelerations have been plotted versus time in
cloud for all the 1-33 penetrations at Thunder Bay and Ye l l owknife  listed in T:.ble 1. Even the most
turbulent case (Run  103-2 , Figure 3) onl y reaches the ‘decreased proficiency ’ threshold and still falls
well wi thin  the tolerable range. This tends to confirm the impression of the fligh t crews that turbu-
lence levels wi th in  the clouds studied in this experiment have been light to moderate with none that
would be designated as severe.

5.0 CONCLUSIONS

One of the principal results of this experiment has been the observation that significant dif-
ferences can be found in the dynamical and microphysical characteristics of the same type of cumulus
cloud from two areas of the country . Other researchers in this field are arriving at similar conclusions ,
leading to suggestions that data from experiments such as this be documented in a kind of cloud atlas ,
defining by geographical area the characteristics of clouds important to workers in weather modifica-
tion.

For this paper , 33 towering cumulus clouds were studied that met certain well-defined
criteria , and the gust records used were further restricted to those collected on 56 T-33 cloud top
penetrations at roughl y the same stage in each cloud’s development. Comparisons of the RMS and
peak gust velocities , turbulent  energy dissipation rates , and aircra ft vertical accelerations all indicated
that cumulus clouds in the Thunder Bay area were more turbulent than their counterparts at
Yellowknife.
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1. IN TRO I)t -C ’u loN

The total drag on a body moving through a fluid is made up of skin friction drag due to
viscous shear , and pressure drag, due 14 incomp lete  pressure recovery near the tail end. In order
to estimate the skin friction drag, the local ‘.k t n  f r ic t ion coefficient must  be known at each point
along the body. Direct measurement ( C f ft .- . ~ araCne ter is possible only in a few special instances .
and indirect methods are often resorted to . This paper will ~)resent an overview of direct and indirect
methods available and will then concentrate on one r 4 ( - + n t l y developed indirect t echnique. Another ,
more comprehensiv e overview LI! this subj ect complete with historical anecdotes , is given in Ref-
erence 1.

2. DIRECT MEASV REM KN ’I ’  TI’ CI I N IOL I-;~

2.1 Skin Friction Balance

There are a few commercially made dev1ces which can measure local skin friction directly .
One of these is shown in Figure 1. The “drag I .iece ” is kept in a centered or “nul l”  position by a
servo-controlled electromagnetic force system. Another  balance is shown in Figure 2. This one is
also a null-balance type: A linearly variable differenti ai  t ransformer ( LV D T )  is used to indicate a
position error and a miniature linear motor provides the restoring force -

Both devices are very linear over about  two or iiei - s of mai r-i i tud t  load range. The Kistler
balance is more compact and can operate at elevated temperature.  The Laval balance is less expensive
and due to its stainless steel and p lexiglass construction can be used underwater . This balance was
used in a boundary layer experiment (described later ) .

In general balances hav e r ath ei  restricted application due to their bulky nature and due to
operational problems associated with the a l ignment  of the drag piece. However , they are often the
“standard ” used to calibrate devices which measure skin friction indire ctly , particularly when new
flow fields are encountered.

2.2 Pressure E)rop in Pipe

A simple momentum balance will show that the pressure drop in a pipe is directl y propor-
tional to the average skin friction along i ts  walls. This point is mentioned because such an experimental
set-up can he used to check a skin frb- t  ion balance calibration or to calibrate a device which measures
skin frictio” ind i re ct l y  - This will he illustrated later.

* Pre I’ nte d at I lyd ro dynani ics Colloquium , I)avid II) lot ~ ,Oal Ship K & D Centre , Bethesda , ‘Id.. ~
- brua~ 2. 1979 .

— - 
~~~~~~~~~~

_- - 
~~~~~ 

— - - - - S 
- - -~~~~~~~



S - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

- 2 2 -

3. 1NDIREC ’l’ M K A ~ t ’lfl’AlEN ’l’ OF SKIN FRIC ’l’ION

3.1 Clauser Plo t

For turbulent  boundary layer flows , one can make use of the logarithmic portion of the
velocity I)rofi le to estimate skin friction. Clauser (Ref.  2) first pointed out this possibility. The tech.
nique s as follows: the velocity profile is plotted in a semi-logarithmic form , as illustrated in Figure 3,
and an overlay which has theoretical curves for various values of skin friction is used to estimate the
local skin friction coefficient,

The im. ‘~od is obviously dependent on the choice of theory which is used to relate C 1 to
Reynolds number , but  other factors will influence the estimation. Under a strong adverse pressure
gradient the “wake-like ” region near the boundary layer edge will grow and may eventually obliterate
the logarithmic region , rendering the method useless. The method has the obvious disadvantage of
requiring cumbersome velocity traverses to be made at each station. However , under zero pressure
gradient conditions , the method can be used as another techni que for validating some other method
of measuring skin friction.

3.2 Heat Transfer i~nalogy

The analogy between local skin friction coefficient and heat transfer from heated strips
embedded in a surface is well known. Various commercial devices on the market utilize this principle.
Two examples (“TSI” and “DISA”) suitable for use in 2-D flows are given in Figure 4. Each “trans-
ducer ” must be individual ly calibrated in the manner shown. Evaluation of quantities at “wall”
temperature conditions means that the calibration should be independent of compressibility effects.
Ruhesin et. al, (Ref . 3) have developed an alternative design which involves laying a platinum-rhodium

- wire in a plastic substrate. This method is better suited for flows with pressure gradient.

A gauge (“Micro ”) suitable for 3-D flows is also shown in Figure 4. The function f( 4 3)
involves measured output  of both films — see Reference 4, for example. Here again a buried wire gauge
has recently been developed for such flows (see Ref. 5). Both the 2-D and 3-D gauges have one advan-
tage over previously mentioned devices: their frequency response is usually high enough to permit
detection of lam~nar-turbu lent trancition and separated flow. A drawback is that they must often be
hard-wired into a model , thus restricting the flexibility of their use.

3.3 Surface Flow Visualization

The reason for noting this techni que here is that it allows the researcher to establish esti-
mates of relative magnitude and direction of surface shear prior to using one of the indirect methods
described below.

Surface oil has traditionall y been used to indicate the direction of surface streamlines ,
but Meyer (Ref. 6) noted that oil dots respond to both the magnitude and direction of surface shear
stress. In particular he observed that to a large extent the streak length is dependent only on the
magnitude of the local shear stress, and not on the dot size. This is illustrated in Figure 5. The tech-
nique is ideally suited for intermittent facilities where the starting transients are of short duration.
In a cont inuous-running tunnel , where the starting transient is long, the consistency of the oil dots
must he such that they do not respond to the starting transient. In this case a long run time is neces-
sary to streak the dots, An example of this is given in Figure 6, As seen , the streak pattern cannot he
relied upon to yield quantitative answers,

3.4 Obstacles

Various devices have been designed which exploi t  the wall-similarity of the flow in a tur-
bul ent  boundary layer. In a sense they arc all obstacles to t h e  flow in tha t  they s l : ig ! ia t t ’  a small region

- of the flow adjacent - to the surface. h is tor ic - a l l  the Preston tub e  and razor blade ( 1)0th shown in Fig. 7)
were regarded as 2locity-measuring devices brought close to t l i - sn r t ar t  and t h u s  are often not 
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- regarded as being protrusions from the surface. In the end they all cause a pressure rise which is
proportional to skin friction. One point to 1)5’ n o t e d  is tha t  these ‘‘calibrations ’’ shown in Figure 7
are valid onl y for smooth surfaces. Very l i t t l e  inves t igat ion of their performance in rough surfaces

- 
has been carried out.

3. 1.1 Razor Blade

A razor blade , whose leading edge is aligned with the leading edge of a static pressure
orifice , is a device which is designed to operate’ in the sublayer of a turbulent  flow - There are potential
pitfalls which have been documented in Reference 7. These are illustrated in Figure 8.

In spite of its shortcomings , the razor blade can he used successfull y, provided care is taken
when mounting them. Measurements taken by Brown (Ref.  8) using razor blades on an airfoil model
in the N AE 15-in. X 60-in, test section were of great value in analyzing Reynolds number effects on
airfoil performance -

3.4.2 Sublayer Fence

This device , like the razor blade senses the flow very close to the wall. It has a higher sen-
sitivity because of its differential made of operation it senses the upstream pressure rise and the
downstream suction (relative to the local static pressure). Due to its small size achieving a specified
accuracy is rather difficult , and thus each uni t  must be calibrated.

3.4.3 Preston Tube

This device is regarded as being one which senses part of the logarithmic portion of a
velocity profile. The Preston tube has been used in an enormous number  of flow cases, even in super-
sonic flow (Ref. 9), with a great deal of success. Some problem areas associated with its operation
are shown in Figure 9. The alignment of the nose of the tube is critical — it must be perpendicul ar to
the surface and to the surface shear direction.

3.4 . T Obstacle Block

In an attempt to overcome many of the practical difficulties mentioned above , Nituch
(Ref. 10) set out to determine an alternative device which could be easily specified and which would
give as large a value of pressure rise as possible. A sketch of the final design is given in Figure 10.
As shown in Figure 7 , its performance is relatively quite acceptable. Its development and application
are described below.

-1. PRINCIPLES OF OBSTACLE BLOCK OPEhATION

4.1 Optimization of geometry

The simplest shape would be a rectangular block . However , there are tw o problems asso-
ciated with this choice:

a) sensitivity to yaw error
b) errors associated w..~ block location.

In addition it was discovered that a secondary separation line (s ee Fig. 11) forms over the static
pressure hole. This lowers the maximum attainable pressure rise and introduces the poss i b i l i ty  of an
unsteady pressure signal . A semi-circular cutout , congruent with a static pressure orifice , is better in
both these regards , as well as a) and b). Data leading up to the final optimized ge’onietry are shown
in Figi.ire 12. A width/heigh t ratio (b/ h)  of 1.5 was selected for t h e  final design. Two heig h t / h o l e
diameter ratios ( h i d )  were chosen , I and 3: these permit use of blocks over a wide range of hole sizes
and boundary layer thicknesses,
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4.2 Calibration

Nituch calibrated these two families of block geometry using a flat plate boundary layer
under zero pressure gradient. Skin friction was obtained by using carefully constructed Preston tubes ,
and checked using Cla user plots (e.g. Fig. 3).

Two forms of presentation of the calibration were given (Figs . 13 and 14). The calibration
equations are of the form

- 1 .11 7
I Aph 2 I

— K where K = 15.l for h/d l and
T
~ L ~~~~ K = 20.3 for h/d = 3

This version permits Cf to be obtained as a function of CPb , something which is useful in airfoil
testing. For the special case of a flat p late boundary layer flow under zero pressure gradient , where

= U~~, the calibration equations can be written as

CPb .11 7
= K[ ½ CP b . Rej~]

One feature worth noting is that there is an upper limit to the block height/momentum thickness
ratio (h / U) .  The data indicate that a maximum value of 3 ensures no effect on the reading, and an
upper limit of 6 restricts the error to a few percent.

To ‘ienfy the “universal ” nature of their calibration , these devices were check-calibrated
in the NAE 8-in, pipe facility, shown schematically in Figure 15. It has a honed section about 45 ft.
long, has a very linear pressure drop along the pipe and thus the skin friction is constant along its
length. Samples of each famil y of blocks were calibrated using static pressure orifices .0197-in, diam-
eter. The agreement with Nituch’s calibration (see Fig. 16) is quite good , which suggests that the

• blocks will measure skin friction in any flowfield. It is worthwhile to note that Granville (Ref. 11)
has suggested that there is a slight difference between the calibration of Preston tubes in pipes and
flat plates. His proposed modification has been applied to Nituch ’s calibration , as shown. This

— appears to work quite well in this case.

4.3 Practical Aspects of Use

The semi-circular cutout should mean that the block is less sensitive to yaw misalignment
than other devices — this point has not yet been verified , however.

The interference of one block on another is illustrated in Figure 17. The influence of an
upstream block on the indicated skin friction is a strong function of the level of skin friction itself.
When blocks are directly in line , they should be separated by a distance of 300 - 400 block heights
for no interference. Staggering the blocks offers the possibility of shortening this distance. The data
of Figure 17 indicate that if the blocks are offset along a line about 25° from the tangent to the
flow direction , there will be no interference. This angle is larger than that expected from the “tur-
bulent wedge” concept. This is presumably due to the rather gross disturbance imparted by the block.

If pressure scanning systems are used , such as the “Scanivalve ” system , then low stepping
rates must be used (due to pressure jumps from block to static hole). For example , at M~, = .3,
P0 = 74 psia , a maximum stepp ing rate of 10 ports/sec. was found to be permissible (where the usual
rate is 20 ports/sec.). 
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4.4 Special Uses

In theory it is possible to use the blocks to measure skin friction at high speeds . Calibr ation
at supersonic speeds has not yet been undertaken. However , it seems reasonab le to assume that if
“ wall”  conditions are used , compressibility effects should not be noticed. Alternativel y a “friction
v e l oc i ty  Mach number ” correction could be applied , e.g. Reference 12.

Another  use is in the detection of boundary layer flow reversal , as indicated in Figur ’ 18.
When a block is facing opposite to the’ local flow direction , it will sense a base flow whose pressure
will In ’ s l ightly lower than the local static pressure. This can be only regarded as a qualitative method
since the block will severely affect the local flowfield.

4.5 Examples of App lication

4.5.1 Basic Research on Turbulent Boundary Layers

The obstacle blocks have been used to measure skin friction over a wide Reynolds number
range in a recent experiment at NAE . The zero pressure gradient results are given in Figure 19. With
the exception of one outlying point the obstacle block data agree quite well with those obtained using
a balance loaned by Laval University, and both of these tend to substantiate schlichting ’s correlation
(Re f . 13). A full report on the first phase of this experiment is in preparation.

-1.5.2 Airfoil Skin Friction

Two recent experiments which used obstacle blocks to measure skin friction will now be
described. The first was carried out on a 16% thick airfoil , the second on a NACA 0020 air foil loaned
by the David Tay lor Naval Ship Research and Development Center.

The fi rst airfoil had local supersonic flow and associated shock waves , and thus provided
a good test of the compressibility effect and block response to sudden changes in skin friction. The
compressibility effects , based on “wall condition ” computations appear small , as seen in Figure 20.
The response to pressure gradient seems excellent. Blocks placed both forward and rear-facing in-
dicated no separated flow at the trailing edge.

Ideally, the obstacle block can be used to detect the transition from a laminar to turbulent
flow by a sudden increase in skin friction. The data do not show such a trend , probably because h/ O
is enormous near the airfoil leading edge . This is an unfortunate result because it imp lies that ex-
ceedingly small blocks are required. In this regard , it should be noted that the blocks used here were
already quite small (h = .01-15 in.).

The results for the low speed airfoil are shown in Figure 21. h ere no distinction has been
made between upper and lower surface data since this symmetrical airfoil is at zero incidence. Once
again the data do not indicate transition. The data for Re~ 5 X 106 exhibit  a scatter which increase
towards the leading edge . Most likely this is due to spanwise variations in the transition process.

The drag (C~~~) of this airfoil was measured by a wake traverse and found to he mdc-
pendent of Re~ . If it is assumed that most of the surface of a given airfoil is covered by a turbulent
boundary layer , then Cl)w should decrease as Re~ increases. To help exp lain this discrepancy, the
measured skin friction was integrated to obtain the viscous drag . Since the’ local skin frict ion coeffi-
cient was not known at every point , some assumptions were made.

The first concern s the location of transition. To estimate transition , the following predic-
tion method was evolved. Through flow visualization and use of a boundary layer tr io. the end of
transition for the supercritical airfoil was identified for a few flow conditions. An example is shown
in Figure 20. A modified version of a method (Ref . 14) for predict ing the beginning of transition as
a function of pressure gradient and freestream turbulence was used along with this  information to
arrive at an “equivalent” freestream turbulence level. Then the reverse process was used to estimate
the transition location on the N A ( ’A 0020 wing.
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The n ext  step was to estimate the skin friction for all three regimes: laminar , transitional
and turbulent  flow. The laminar skin friction was determined theoretically up to the start of transi-
tio n. The turbul ent skin friction was simply a smoothed versio n of the data, starting at the end of
t rans i t ion . .\ linear variation between the start and end of transition was assumed. This approach is
i l l u s t r a t e d  in Figure 21 , The integrated skin friction varies only slightly with Re t ,  so we have an ex-
planat ion for the constancy of C,)W : the movement in the transition location compensates for the
change in turbu le ’nt skin friction.

5. (‘ON(’ I,L ’~[ONS

An overview of various di rect and indi rect methods of estimating turbulent skin f riction
has been given. A comparative summary is given in Table 1: selected references are included to assist
the teader in persuing subject matter further.
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LIST OF SYMBOLS

b width of obstacle

c model chord

CDW drag coefficient = D/q,~ S from wake traverse

Cf local skin friction coefficient = T W /q=

CL lift coefficient = L/q,~ S

C~, pressure coefficient = (p — p,~)/q0.

d pressure orifice diameter

D drag on body

h heigh t of obstacle block

I current through heated film

L lift on a body, also length of obstacle or model

M Mach number

L p pressure
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LIST OF SYMBOLS (Cont’d)

t ip difference between pressure sensed by a device and local static pressure

q dynamic head = ½ pU2

R electrical resistance (of heated film)

Re~ Reynolds number based on model chord = U,,~c/v

Reh Reynolds number based on block height = U,,,h/v

Re~ Reynolds number based on distance from leading edge = U ,, x/v

S model surface area

AT difference between heated film temperature and unheated surface temperature

U local velocity

u~. friction velocity = 

~~~~~~~ 
IP

x streamwise co-ordinate

y distance normal to surface

yaw angle

viscosity

u kinematic viscosity = p /p

p density

r shearing stress

0 boundary layer momentum thickness

boundary layer displacement thickness

& nominal boundary layer thickness

Subscripts

b conditions sensed by obstacle

e edge of boundary layer

w wall conditions

freestream static conditions

o reference condition
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T.S . I .  GAUGE MICRO GAUGE
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MFR FILM FILM COATING
DIMENSIONS

ALUM I NA—Al A
T.S.~. .12mm X 1.0 mm PLATINUM QUARTZ—WATER

DISA .20 mm X .75 mm NICKEL QUARTZ

MICRO .05 mm X 5.0 mm NICKEL

FIG. 4: SURFACE HEAT TRANSFER GAUGE
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CU R RE NT PROJECTS

Much of the work in progress in the laboratories
of the National Aeronautical Establishment and the Division
of Mechanical Engineering includes calibrations, routine
analyses and the testing of proprietary products ; in addition ,
a substantial volume of the work is devoted to applied
research or investigations carried out under contract and on
behalf of private industrial companies.

None of this work is reported in the following pages.
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ANALYSIS LABORATORY

AVAILABLE 1-A C I L I T II S

Ihis laboratory has . inal ~ sis and s imula t ion  t a c i l i t i es  available on an open-shop basis. I nqui r ies  are especially e n c o u r a g e d  i rom
indus t r y  for p r o j e c t s  tha t  may u t i l u e  the faci l i t ies  in a novel and , or pa r t i cu la r ly  e t k c r i v e  manne r .  Such p ro jec t s  are g i v e n  p r i onr ~
,ind .j re ful ly  supported w i t h  assistance from labora tory  personnel . The facili t ies are esp ec i.iIl ~ sui ted to system design s tud i e s  and
scient i f ic  da t a  proce ss ing.  I n f o r m a t i o n  Is avai lable  upon reques t .

EQU II’M I- NT

An Fleetron ic  Assoc i ates 690 111l3R 1I) ( O M P I t ]  I R con s i s t i n g  of the  fol lowing:

a)  PACER 100 di gital computer

32K rnetnory
- card reader

-- high speed pr inter
— dtsc
— di gital plotter

Lektro media in te rac t ive  terminal

~b) Two EAI  680 ana loeue computer consoles

— 200 amplif iers  including 6 1) in tegrators
— 100 di gi t . i I l y  set a t t enua to r s
— non- l in ear  elements
— x-y pen recorders
— strip chart  recorders

Ia rge scre en sc i l lo SCO tt

Ic) I -\I 693 in tc r f , i c c

24 digi ta l - to-analogue c onver ters
-- 48 analogue-to-di gital con s er t er s
— i n t e r r u p t s , sense lines , con t ro l  l ines

GENERA! . STI DIES

-\ microproce ssor-based func t ion  genera toe for the  hybr id  c o m p u t e r  is being desi gned. \ rI Q9 I() deve lo pn t cr t t  sys tem has been
obtained to be used for t h e  projec t .

. 5. s t u d y  is being made on the use of topolo gical me thods  to des cr i be  and ana ly c e  comple\  s Y s t e m s .

APPLIC A T I ON STCI)IES

In col labora t ion  wi t t t  Avia t ion  1-de ctr i c l t d . ,  model ing  w ork  i ’. c o n t i n u i n g  in supp or t  of their advanced c o n t r o l  c o t i c e p t .  for both
the  small business jet eng ine and the  he l icopt er  cri ~- ne.  5.! present , the  detailed model of a tw in  engine helicopter  is be in g  u sed
tor  checkou t  of a p r o t o t y p e  microprocessor-based fti e l con t ro l le r .

In  collaboration with Ca n ad ian  \~est in g hou se Ltd. .  a s tudy  is b e ing n ta de  ot the  fuel  c o n t r o l l e r  requi rement s  for a new iamil ~ 01

i n d u s t r i a l  gas turbines .  A hybr id  computer  model is being used to ev. i l uate  control  system h ardware .

In collaboration w ith  Kendal l  ( ‘onsu l t a n t s  Ltd..  and SPAR -‘scrosp a ce Products  Ltd . .  a hy b r i d  com pu te r  ittodel of t h e  r emo te
m anipu la to r  arm for the space s h u t t l e  is being assembled.  The model inc lude s  al l  a l lowable mot ions  in three d imension s  as \s cll
as arm f lex ib i l i ty  effects . The three d imensional  titodel is coit iplete and a r m  control  a lgor i t h t i i s  a rc  being evaluated.

In collaboration with the R a i lwa ~ Laborat ory , a pilot hybr id  computer  model of the N R C  roller r ig for r a i lwa y  vehicle tes t i n g  is
being used as an aid in the  design of the roller  rig and i t s  controls .

In col laborat ion ss i th  the Control Sy ste m s and Human  l- :ngineeri ng Labo ra to ry  and the  I n t e r n a t i o n a l  N i c ke l  Co .. On t a r i o  Divi sion.
an in t e rac t i ve  computer  model of a cnpper .n ickr l  stu d Ier is being deve l oped  to  s t u d s  mater ia l  hand l ing  and schedu l ing  tn the p l a n t .

In col laborat ion with  Eng ine Labora tory  a s tudy  is being nu ade to devel op  a computer  model ol air  cushion vehicles .

In co l la bora t i on  with  N o r t h e r n  Telecom Ltd. .  an in te rac t ive  c o m p u t e r  program is being developed to schedule orders on cable
s t randine  machines.
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In collaboration with R E .  (‘rain Ltd., the interactive program for computer-aided paint shop sched uling is bein g ex tended to
examine alternative order streaming and press allocation strategies. Further program devel opment is underway with a view to
incorporating the scheduling programs in the company ’s computer system.

I n co-operation with Carleton University and Engine Laboratory a prel iminary study is underway of a heavy equipment
propulsion system using a co-rotat ing compressor.

In co-operation with Concordia Univers ity, a model of a heavy railroad freig ht vehicle is being assembled. Simulations of vehicle
respo nse to periodic and random excitations are to be conducted.

In collaboratio n with Stephens-Adamson of Beileville a hybrid computer model of long conveyor belts is being assembled.

In collaboration with Davis Eryou and A ssociates a hybrid computer model of an automobile is being assembled.

A joint project with ARCTEC Canada and Davis Eryou and Associates for reduction and analysis of oceanographic and ice
break ing ship trials data is being carried out on the hybr id computer.

A hybrid compu ter model of high voltage impulse measuring systems is being develope d by the Power Engineer ing Laboratory
of the Division of Electrical Eng ineering.

A joint project with Low Speed Aerodynamics Laboratory and Davis Eryou and Associates for reduction and analysis of
t ruck aerodynamic data is being carried out on the hybrid computer.

SYSTEM SOFTWARE STUDIES

A preprocessor for hybrid computer model digital programs.

Character string manipulation routines to be used in a Fortran environment.
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SVSTEMS AND HUM A N E N G I N E E R I NG LA BOR ATO R Y

IN DUSTRIAL CONTROL PROBI FMS

F In collaboratio n with the Analysis Laboratory interact ive computer  models are being developed and applied to a variety of
- scheduling and material s h andling projects in the min ing and metal proce ssing industries.

Application of microprocessors to improve q u a l i t y ,  perform ance and efficiency in the appliance manufacturing industry is
currently being undertaken in collaboration with  a Canadian company.  A microproce ssor based dishwasher u sing state -of-the-art
electronics and sensors has been designed.

lo  study distributed process control a network software system (DECN E T) is being installed to connect together the PDP-l 1/45
and PDP-1 1/60 computers in the Laboratory.  Also , a serial communicat ion system based on the H DLC line protocol is be ing
implemented with microprocessors. This act ivi ty  is proceeding in par allel with the development of an in te rna t ional standard f or
ismdust :ial intersub sy stem co limmun i cat ion.

A flowmeter , viscometer , consistency sensor and control valve utiliz ing radial laminar flow have been developed and patented.
The devices , current l) under test lor industrial application , are mechanically simp le and have a minimum of machining tolerance s.
They offe r significant advantages over those currently available in that the maintenance of laminar flow provides quiet operation
while allowing accur ate performance production.

ADVAN( ’ED TRANSPORTATION CONCEPTS

The conceptual design for a high speed intercity magnetically levitated and linear synchron ous motor propelled vehicle plus
elevated guideway system as based on the results of a basic Maglev research program jointly conducted by Queen ’s Univers ity,
Univers i ty  of Toronto and McG i ll Universi ty has been carried out in collaboration with Transport Canada. Ongoing study includes
computer modeling for ride qual i ty  assessment, vehicle dynamic behaviour prediction and engineering design consideration of
the magnets.

HUMAN ENGINEERING - BEHAVIOURAL STUDIES

The invest igation of the effect of internal and external enviro nments on human psychomotor performance has been extended to
Ministry of Transport radio communications staff operating in the high Arctic under conditions of cont inuous darkness. A study
is also being conducted in collaboration with Ind ian Air Force on the psychomotor  performance of aircress on long range flights.

Another tracking experiment has been designed and init iated in the series dealing with preci sion of movement to a target. This is
a further test of the hypothesis that subjects move in a frame of reference based on propriocep sive r~ther th in  visual information.

HUMAN ENG INEERIN G - M E DICAL AND SURGI CA L

A prototype model portable t h ermoelectric cooling system has been built in collaboration with the Montreal Neurological
Ins t i tu te  for controlled cooling of the exposed spinal cord at operation.

Tests have been conducted on an experimental  model of a miniature instrument  for measuring the viscoelastic properties of skin.

_  _ _  A
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E N G I N E  LABORATORY

H O S P I I A L  AIR BED

The laboratory is co t mtu su i rmc  th e suppor t  .ini1 d i rec t ion  oh  clinica l h o s p i t a l  t e s t s  and eva luat ion ,i t Im e air bed principle. The

objectives of the clinical investiga tion arc to s t u d s  the e f l e c t iveness  oh the air bed , and r Ime  c o m f o r t  pr ovided by it , in the t r ea tmen t

oh burns. The e f fec ts  of reduced shear and s u p p o r t  pr e s sure . and a caret ull ~ c o n d i t i o n e d  mic ro- c l ima t e  on wound healing are

being studied in p. mrt icu la r .

A special exper imenta l  air bed , tIme NRC ’ Cairhe t ‘sh ar k I. W as desi g n e d  and buil t  by N R C  to allow a hospital  in K i n g s t o n .  Ontario

to conduct a funded clinical s tudy si i th  the s u p p o r t  of hio -mni c d iea l  eng ineering help Iro ns Queen ’s U n m v e r s m t ~

l Ite pt olec t  has been highly .,u c ce sslul  wi th  respect to demonstrat i ng considerable a dvan tage  over other  more o n s c o t m u n a l

support  methods , at i d to be t te r  defining the  p e r l o r nm tance  requi ren u en ts  neces sary I or intprov ing e p i t h i e l i u n u  t h i c k n e s s  recover y A

ness concept  it suppor t  air bag st r u c t u r e  w.is t e s t ed  with  complete success.

A r r . m n r c e m e n t s  are underway  t o  ha ve four of a more advanced air bed t~ c, tI m e Mark 11 Cairbed v ers i on , manufactured under

contract .  I h e  ‘ s I n k  II beds wil l’ teature per formance  optim a and will h ave tIme realness of com mercial products.  Clinical e v a l u a t i o n s

oh these prototypes are being planned in murder to demi mo n s t r a t e  both performa nce and usefulness , and in order to ver mf > the des ign .

(;AS fl R B I N I -  O P I - R - ’ s I I U N S

I n v e s t i g a t i v e  tests on a J85.( ,- 5 . N - 1 5  gas tu rb ine  etn g ine continued.  F u r t h e r  r e f inements  to tIme .m u t o imr a t i c  data acquisit ion 5) stem

have been carried out , enablin g t im e collection oh selective et t gmn e parameters in the s teady-s ta te  and rapid trans ient modes. J e s t

results can be obtained in f o r m  of p r in tou t s . t ime plots , and cross-plots.

U ’s S  T U R B I N I -  ICIN(, INVI-S I IGAT IONS

An icing program seas carried out  on an \ h h l l  aircraft  eng ine nacelle , h osing a Pra t t  & ‘s’, I i i t n e s  Aircraft  01 Canada .IT 15D turbohan

eng ine. The installat ion incorporat ed an air ejector wh ich enabled simulated flight i c loc i t i e so f  up to 43~ mph ( 7 4 ( n  kn u / h ) .  The

test icing environments  \ s-ere super-cooled water drop lets and na tu ra l  snosv.

.%F R D- ’s( OLSTJCS

A study of the noise characteristics 01 cent r i fuga l  fans and blower s is in progres s . T ime exper iments  to s tudy the effect of impeller
blade shape and casing g eo it u e t ry  on the aerodynan u ic  performanc e and noise generation are h e i t t e  carried out  mn a 5-horsepower

fan test rig.

Methods are being developed to compute  the propaga t ing  modes in du e t s  by n uea su re i t ue n t s  of sound pres sure level around tIm e’
circumference of the due t  us i t n i t  cross spectral density and phas e li cked tu tetl iod s .

ENGINE COOLING SYSTEM P E RFORM ANCI-

Auto mm iobi l e  engine cooling is nort n al ly a sh ared e f f o r t  between the eng ine cooling fan and tI m e ram an associat ed ss ith forward

speed. The full potent ia l  of the co oling fan is be it te s tudied in n dcl ii i  be c ,mi m s e the  t n ot  u t ah  r e l a t i v e  c o n t r i h u t i . ns ot both t h ese

actors  do not repre sent a fuel conservation op t in l um.

The s tudy,  which is being made in collab orat ion w i th  Canad ian  i n d u s t r i  . wi th  su pport front Tran sport  Canada .  wilt involve hul l

scale vehicle hes t s  both on the road and in the NR (  ss- ind t unne l s .

AIR ( t S I I I H N  V l - I l ( C LF. S

The main  par t s  of the test ri g for s tudying v e r t i c a l  i n s t a b i l i t y  in -‘s( ’\ s  h ave been de l is cred ,  and h i t t i n g - o u t  m c p r oec edi nne  The

t ,mrce  blower tor  this work has been calibrat ed to P l a in  the slope of ti m e C o T i s t a n  t speed line’ s. w h i c h  is s m t a l  to tI m e s tudy  oh t i m e

heave i n s t a h i l i t s .

Design i s i r k  has st ar ted on .m mobile test rig f o r  s t ud i e s  on the use oh air cushions or ih te  t r a n s p o r t  ‘t  u r~ ht eas e o t u ce t m t ra t e d

load s

A model is a lmo st  co i tmp l r te  Io r  an urg ent  program on the  dra g  and s tabi l i ty  of low-speed S, (’.  raf t s  over s s , m t e r .  I sp e r i m e n ts  will
co nim v ’n t ee  in a I h y d r a u l i c s  I ahor .i t ory f lume in the  near f u t u r e .
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At I i  ) % h U l I 5 . l- I’ L I - I I ( ( I ” ,UMV

[he second series 01 l cs t s  bias lus t  ended iii I u r on t o .  R u n s  are ht ’iimg am ta l  eed

N R C — P R . ’ s l I & % % l I I I \ l - ’m l I R , h I l  V I t - ’sDI l) I t  R I I l ’ ~l

l’he prop a ne C0 i i i  liii S t i r u s ed  b r  i n ” h iej  t ing t ime  a i r  I the mm n ine i m m l e t  ha been t es ted  .m mmd h o u n d  to tie a coniple n el s  ~i t isi ac t o r n
n m et lmu md ot co ii tro Il i ng inlet  t empera tur e  S usie i m im m i ’r n i o d i f i c a t u m n s  h m , id T i  l ie nmad e tn  t i n e  m m m i \ i n g  c i m a r m i b e r  to obta in  a ho nmm ,gc -
neou s mmmix t ure before d i s t r i b um i m u t t  to t Ime  t u r b i n e  in le t .  I m i s i i l a t m m m n  is now b eint n u ms t . ul l ed ‘ c n n  the r n t r ) -  sect m m i i i

The tu r l mi tme  num t ile s and rotor disk are e’xp c n ted to he ins t a l l e d  s h u u , n t l s  and th en final pressur e  d m s t r m t i u t i u mi cheek s can Iv nma de.

R b )  [( 1k l ) V N -’s %Il (  S

The ro o t dyna i m n i e s test rig htu s u nder gone in i t i a l  testin g u m s m n u :  a simple rotor  suppor ted in roll in g ’ c lemiment  bearings. Lahorator )  -

generated co ituputer  pro e ra lm n s in p r e d i c t  c r i t i c a l  speeds j n id  tnn de shapes of the test  s ha f t s  have been revised and improved for
easier comparison ss i ih  the es p c r mnmm en t a l  n - i r s  and the init ia l t e s t s  ha s ’ shown g o d  a greemmuen t  b et sseen e’np e ’r i i t u ent a l  and
computer  pred ict ions.  V n k is vu r r en t l )  a ime d at t ine acq u m s m t m m m n  of a h luid fii t m m hea r in g ’ , u n m a l  t i c  al capabil i ty,  see below In

- : -op era t muuru  v - i th a C a t i an i i : m m m u u m a r . u f : u n  t u re r  a c r i t i ca l  s l e d  m m t s  cs t  igati on of a pu m p nt l , ’t or  5) s t e no  h a s  been c m n u l i l e t c d  r ecent ly .

HYDROSTATIC BI ’. ’ sR I \ G s

This l a b o r a t o t)  c o n t i n u e’s t i  pr ’s ide assistance ’ an d design service to o tbmen  p o t e m m i u a l  gas and fluid h i tmm hmcarin g users b . t h  wi m hmi i m
NRC and in either t , v e r n n m e n t  l . u In , r a t m ri cs In eo- i p e r a n i o m m  ss i t l m t h ree Canad i an  indus t r i . i l  f i r m s  a s tudy is under ss- ay to c uu n ml pa re
the p r e d i c t e d  resu l t s  of c o u n m p u n e r  p rogra m s design ed to ca lcu l a t e  tIme dynamic  p e r t o r m . u n c v  of sel l-act ing bear mn i es  w i t l m m mn c m r mpr eS -
sihk l u b r i c a n t s  -‘s recent ly  cm mmmmp l e i ed  l i t e r a t u r e  survey h m . ms  p r o vided  a broad cross- section oh ‘~ anmp le bearings.

V I B R A T I O N  M ( 1 \ I  I t I R I \ ( ,

‘s n es~n-r t n sen raI  rig has lieu_-n a c n e ’ nn _ - h i led no all y time t e c tn mm g of rol l ing ele m ent  bearings to n a i l u re . ‘[isis rig is lio n s being used t m

eor.mpare current  n te t h i i d c  of i h t , n  ion dc t e e t m m n  and thei r  ab i l i t y  n d iscover i mt c i p ient  f au l t s  in roll ing el enm ent bearings.. Because
u i  tIme na tu re ’  of f a u l t  gen c ra t m mm in ro l l ing  e l enm cnt  bea r ings  the result  ga th er i tmg process is of a r a l l i e r  I o i mg- ternm na tu re .

co-operat ive pr or ran i  cc t b , the D e t c m n c e  Res earch Est u f i l n s h n u c n t  I Pacif ic)  itm Vmn t ’ r n . u  wil l look at t I m e  conub ined m e r i t s  of oil
analysis and v ibra t i on  m o n i t . r in e  as tools Our  helicopter transmission gear box m m m o n n t n ing

This labor atory  con t inues  to pr os ide v i b r s t im tm m n m e m m s u r e n m m e n t  and  a n a l y s i s  .ussm s ta m t c e  to bot h i t idu c r e)  and c u i e c r t m n m e n t .

Ft I I  CONTROl SY STI - MS

A s t he major (‘anadian m a n u f a c t u r e r  of fuel  c o n t r o l  s) s r cms  for gnu s t u r b i n e s  in the  general  av i a t i on  mmmarke t . , ‘sc i a t ion  E l e c t r i c
Linmited  of Mont rea l  t i n  developed an advanced c o n c e p t  d ig i t a l  fuel c , n t r m m l  sn s tem t h a t  esas ver i f i e d  on a co mu mputer  model of a
‘ac t u rbine at t ime NR C ’ To prove the  hardware of the syste m on a te al eng in r c . a c -u ’ tn ’r a t i v e  pr ogr anm wi th  - ‘ sb E ccill mis c’ a

‘lw unm ’ I- ’- u c h e l ic opter  engine on a dynamotm i e ter  to en -able a ste .m d v - s ta te  and t r a t i s u e n t  per to rnma rm ce asse ss u t ue ! mt  n i  he nmade. 
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F L I G H T  RESEARCH LABORATORY

A I R B O R N I ’  MAGN ETI C ’S PROGRAM

I- ’ xper imenta l  and theoretical s tudies  relating t u u  h u e  i u r t b u e r  deve lopm ii en t  of a i rborne magnetometer  and gradion se mer equipment
and tIme appl ica t ion  of same to suhnmarine detect ion and ecolog ical survey,  a re c u r t e n u t i )  in progress . The final report  on imm ethods
of magnetic a u r e r a l t  compensation , based un data collecied cc it b i t ime Nor th  Star a i r c r a f t , has been published. A Convair 58(1 air-
craft has been equipped as a mult i-purpose h ying I ab i r ;u to ry  b r  r e sea r ch  in aer om ni a gn ue t ic  de t ec t ion  and for dcs’ elopm ent  ol nad io
and inertial navi gation n n u c n f u ds. 1-ur ther  mod i f i ca t ions  it m ay bus ’ done to pr ovide a capabi l i ty  for c-valuating advanced synthet ic
aperture radar techniques ,

I N v I - : s r I ( ;A I  ION OF PROB I.F M S -‘sSSO(’I,-’s I I - I )  WIi ’I l  STilL A N I )  V 5101. AI R ( ’ R A I - T O I ’ I ’ R A I  ION S

‘[he Labora tor y ’s ‘s irbort i e V / S I  ( I I  S i m n u l a n m u r  is being employed mmm pn igrams T m  im nves i iga te  STOL and ‘ s / S I  (11 aircraft  ii) ing
qua l i t i e s  and te rn m inmu l  .u r e , u operat ional  problem s. A nv ’.uS u t  r e searc h  include a general  inves t iga t ion  of fli ght  path control  and
sia b m h u n )  c ha r ac t e r i s t i c s  required to c o u m m p e n n s a t e  fo r  si mug le eng ine f a i l u r e  in lv in ur mul t i -eng ine powered-l if t  a i rc ra f t , and the
iden t i f i ca t ion  of min im iu r t i  a ccep t ab l e  f ly ing  qua l i t ies  l o t  civil he l icopters operat ing und er  i n s t r m u m n e n t  flig ht  rules .

I N V I ’ S T I G & F I O N  OF ATMOSP I I F R I C Tt RBl L I - N ( F

‘s ‘r 33 a i rc ra f t ,  equipped to measure wind gust v e l o c i t i e s , air  t emt ipe ra tu re , wi tmd speed , and other  p a r a m e t e r s  of i n t e r e s t  in tur-
bulence researc h , is used for m mu emusurement s  at  very buy  a l t i tude , in clear air above the  t ropopa imse ,  in the neig iih oun h mood of
tm s ounta in  wave a c t i s i n v . and n e a r  s torms.  Records are obta ined on m a g n e t i c  tape to l a c u l i t a t e  d m a  ana lys i s .  The a i rc ra f t  ulsum
p a r t i c i p a t e s  in co’uperative e’, p e r i m n m e n t s  w i t h  ot imer research agencies. ,  in pa r t i cu la r ,  the  Sunm m mer Cummm uu lu s  Invest igat ion Isee below ) .
“s second T-33 a i rcr .u t n is used in a suppor t ing role for t imese and u t i mer  projects

AIRCRAFT OPERATIONS

Time Flig ht Record er P l avb.u sk  Cent re  is e tm un .m un ed in the  recover y and an s a l vs i s  of i n f u r m a t i o n  fronu the va r i o u s nlig l mt d a t a  recuunde r s
and so c kp it voice recorders used on Canadian n m i l i t a r y  and civ i l  t r anspor t  a i r c r a f t .  Time m i l i t a r y  sy c t e t mss  are being moni tored u _ u n a
rosi t ine has i g  C ivi l  a i r c r a f t  recorders -a re  being rep layed to inves t i ga te  inc iden t s  or accidents  at t ine request of the  \t m n i s t r n  of
Transpor t .  Technical ass i stance  is being provided d u r i n g  inc iden t  m m d  acrident  i n v e s T i gations and re l e sa n t  a i rcraf t  opet at ional
problems studied.

INDUSTRIA l .  ASSI STAN CI

‘ s s s i s t , u T mc e i s  g iven ho aircraft  i m u a n u f a c t u r e r s  and other  cuu t n panies  r c q m u m r i n u e  t h e  u s e  of sp c’ ci r u luie d fh ig lm t n e s t  equ ip t su en t  or
tech ni ques

I’s V I  STI ( ;A1 I O N  ( I I- SPR A Y DR OPI. I/T R Fl . F ~’sSF FROM AIR (’ R AF T

t heo re t i ca l  and expe r imen ta l  studies oh spray drop let format ion  from a imigh speed ro ta t ing  disc ha r e been conducted . I lig ht
expe r i nmen t s  u t i l i ze  a H arvard a i rcraf t  ntm udif ied to carry ex te rna l  spr .u ~ tanks .  Au t o m a t i c  f ly ing spot droplet and p :u r tm c tc  analysis
equipment is in o p e r . u t u n u t  processing s n u n u r p les obtained in the  l abo ra to ry  and in tIme field h ’s s’ar i o i us  agencies. ilme equipment
has p o t e n t i a l i t i e s  for the  anal y s is  of n t a n v  u nusua l  c o n t i g u r a t i u u t n s  provided tim - at  tltese m mma y hr photmugrap h ued cc un i t  suff ic ient
c u i n t  rash .

A1I’OMOBI I I CRASH DF T F (1OR

There is a need for a sensing device t u u  a c t i v a t e  a im t nn u b u l c  j ua s sc ’ir n’ er r e c t r a u u n t  s\  s tem m ms in Inc ip ien t  c ra sh  c n n u i ~u t i o n c .  h n n s e s t n g a t i o n n s

are in progress t u u  de termine  th e ’ a p p l i c a b i l i t y  of C.P. I . h echno io g v to h bmis  problem.

SL M MI - R CL ‘stU L L S I N \ I S I  I( -\ I IO N

‘st the  req t u e s T  uu f t ime D e p a r t m u u e n h  if  t ime I- mis i r u u n n u e n t  i’Ii h t  studie s  i t  ( unm s h i m s  clomu d f o r n n r a t  m u i n s  u ser Quebec and Ontar io  cc crc
i n s t i i u t e u f  dur ing the  Sm m n u tt ie r  i i i  1974 I ns t rum m men be d  1 -33  and Inc  in O t t e r  a i rc raf t  witl u a Beech 18 are being mused tu u  de te rmine
the  propert ies  oi’ C u m iu m ul us  clouds n s’h ich e x t e n d  appreciably  above tIme freee ’mng level The isu casmire r nenis are h i eing nm ade to ,us sess

the  t n ’ n u s i h i l i n y  ol inducin g precip i t a t i u ’ n  over t ir e st f i r e  areas by sce ’dunm e l ar nn e  c u i t u m u h i u s  f o r i r i a h i c i t t s .  Dur ing 1975 a varie s oh cloud
physic s in s t r u m e n t s  were  added to the  [win Otter  m d  sp ecial pods i i  bu rn ing  silver iodide flares were at t ached  heneat im t I ne  wing
of the 1.33 t u r b u l e n c e  res earch a i r c r a f t . [he effects of se ed in u g on the n s i c r u u s t r u u c t u u r e  of ind iv idua l  cu t u mulu s  c i osmds were  studied in
the Ye lhons k n i f e  a rea  du r in g  tine su t tm mmu er s  of 975 and I 976 a i d  nm 1’Iiiunder S u e  in 1977 aind 1978. This pr otect  us p lmunne d ho c nn ’

t i nue  for several  years.
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FUELS A ND LUBRICANTS LA BOR ATORY

( ‘OM Bt S I  ION R F S I -  - ‘s R ( ’ h h

l t n v e ’s t u m n a t i m u n i  of h . u t m m f l u n g  and combustion probletm i s invcu lved in using hy dr uu ’ctt u s  a mi d lot m ubi l e prime m m i u u v e r s

Co—operative studie s sc ith -‘sul~ i~~ir ~ Group bu M Aci usp. u e e Rn ’se;ur c lm and Dev ’l u p m n e n t  ( A G A R D )  W irking Group  I I  to produce a
r eport on a ire r ,u f t t i r e  sa l e t s  -

B i o g u s  as an a l t e r n a t e  l i d  in eng ine opera t ion .

I N T l  NSIO N -~ ND D l / V l - l U P M I - : N I Oh - L ABORA roRY I - ’ s ’ A l L A I  ION

Deve lop mmu en t  of ness l ab e ur . u t o rn  procedures  ion the dete r im n im u at in un  of l i n e  load carry nnugn capacity if hyp cu id great  oils under high speed
condit ions and under  l i v  speed In igh torque cu n d i t m u m ns.

E:v a lu a t i r m n ot ’ filner /coal es cer e l enmen t s  or av ia t ion  t u r b i n e  fuels.

I va luat ion ,ut  l o m t e l i l e  t i l t e r / c m al csccr elenmen t s t’ronm av ia t i on  t u r h i t m e  fu el sets cc.

V u a t e r  separat ion characteristics of . is iati on t nu rb i tme  fuels.

PERFORM ANC E ASPECTS UI- F t  I F S. t ) I l S , G R I - A S I S, AND BR .AKI  FLUID

Inves t i g a t i on  ut  l ab eur .u i n )  m e t h ods fu i r  predict in ’ f low p r u u p e r t i e s  of eng ine and gear  oils under  h is s t enmpera tu r e  uupe ra t n im _ -
con ct i t im ins .

Evaluat ion of s t , u n i c  d i ss ipa n u r a d d i t u c c s  for d i s t i l l a t e  bu d s.

Eva lua t ion  of propert ies i l  re-refined oils ar i d by-product  sludges.

R uad tes t  of re-refined au t omot ive  oils ( c o - o p c r a t u i n  wi i i i  Fmnv ir n u mt i en t  Canada ) .

Investigation of the use nib ant i-i cmrn mn addi t ive iii .u v i a t i n  g ’aso li nme .

l n v e c n n g . u t i o n  of hydr eugeim content  as a nueans of e s t i m a t i n g  the conubust ion characterist ics of usiat i on turbine fuels.

MISC E I L A N I - O i , S STUDIES

The preparation and cataloguing of infra -red spectra of con ipounds  related T i  fuels , lubr ican t s ,  and associated produc ts..

The appl ica t ion  of Atomic  Absorption spectroscopy to tIme de terminat ion  of metals in pe t ro leu t mu products.

Investigation of the s t ab i l i t y  of im igh l y compressed fuel gases.

Ana ly t i ca l  techniques for analysis of etn gn in e  exhaus t  c n n n u s s i u u m i s .

Participation in the  Canadian (CGSB) . Am inerica n I . ’sST\l l and In t e rna t i ona l  (I SO) bodies ho develop s tandards  1cm petro l eum u m
products and l u b r u c u n u t s .

The desien and development  o f - a n  in ternal  combustion engine/ h ydraulic tra nsnn iss ion h )b r i d  power plant for the energy con-
sers i flg u t

l - u r t hm c r  develo pme nbs of specialized pressure transducers f u r  eng im n e hea hi hm diagnosis and the development of diagnostic t cchniq nec
and c o n s u l t m t m u u n  wi ih  licencee in developing produc l ion m e t h o d s  for pa ten ted  bransducer s .

Evaluat ion of var ious  products , b u d s , l ubr icants  and hardw are  in respect of their effects  upon overall vehicle fuel econonmy and
energ y conse r v a l i u u n  p roper t i e s
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GAS DYNA MICS LABORATORY

V S l O t  I’ R O P L l . S I t lN  SYS I I ’  MS

A general stud s  of V~S I ( ( I .  prop u lsi on sy ste m m i t n e t l m u u d s  wi li m p a r t i c u l a r  r e f e r e n c e’ to r eq u i r e i tmen i s  i i  e co noi iu n  and s a t e n y  -

I N h I  R N - S I -~ l- R OD Y N - ’s M I C S  OF D t ( I 5 . 1) 11 1 ( 5 1  RN ‘s”sD N O / i l l s

‘s u n e x p e n u m n m e n t a l  s t n m m h v  ut t ime in t c r tma l  . m e r o d v m i a u r u m c s  u t  d u c t s , f iends . d u t h i m s e r s  and no zzles w i t h  pa r t icula r  r e t e r e n n e  to t i m e  d ied
of e n t r y  floss d i s t r tm c u n is u _ - e o t t m e t r u e s  i tu vo iv ing changes of er cus s- s ec t iui n a b area , sh ape , anu d a x i a l  d i m e c t u v u n .

SHOCK PRODUCED P h .-%S M.~ sTt:DII - s

‘s general  t h e u u r e n u e a l  and e x p e r u m e n t a i  insc s t i ga b i o in  of the p r u m d u c t m o n  ot hi g h i t e m nps - r .  l u r e  p lmus nT n a  by means of sh euc k v a s e s
m n e n u e r . u t e m h  by clec - t r u u m m agne t i c  and una s dy t u .u t tmi c  m tmeans . and the de s e l up m n c ’tmt u u f  d i a g m u . u s n i c  t ec imniques  s u m m t a b l e  for mu c a n d y  of
shock gr eon set n i e s and the s t u d y  of phys i ca l  p roper t i e s  u u f  sucin p l asn n as .

NO’s- l ) I  S r R l ’ ( ’ r I V E  St RI A ( l  I I  ‘sVi 1) 1 FRi I O N  IN 1 1 1 ) 1  N I l - I  F BILL I  I S

-‘s Il-ass d e t e c t i o n  s s s t e t m i  (or m e t a l  bars is b e ing t e s t ed .  l i g ht  i n d u e t i s c  bridge c i r c u i t s , sp aced a round hhe bar and sequent i a l l )
sampled , detect  the flaw’ t i n r o r m ’ b u  a e im, un g e in e mil m n d u c t a n c e . The sn s tem lends i tself  to easy e l imin at ion  of s t a n d - u m l f  and
eccen t r i c i t y  errors and is e m u r r e n t l y  het ng adapted to industr ia l  use . I n t e r p r e t a t i o n  of tes t  resul ts  via nsicroprocesso rs is in hand .
-‘s rtuu n un ed , heat- res is tant  c i r cu i t  is being designed for in ’p l a tmt  a p p l i c a t i o n .

HIGH PRESSURE LIQUID JETS

Hig h speed sc ar er  l ens  genera t e d  buy p ressures  in the  r.mn ge of 1 000 m u 60 ,000 psi cart be used for cu it in g  a wide variety of i -aterials .
e.g. paper , lu m ber , p las t ics . meat ,  lea ther .  ro n k . ei c,, and b r  cleaning surfaces suc im as t m n a s m u t u r )  . t u b u l a r  heat exch angers. etc .
S u ed e sizes , depending on time app l ica t i cun . are in the  range from 0.002 to ( 1 . 15  in. d iameter .  A n e e h u n i q u e  for n m a n u h , u e t u r m n r ~n
small  nozzles in the range  ( ( ( ( ( ( 2  to 0.015 has been mies eloped musing s t andard  sapphire jewels available from indus t ry .  Larger
c u r i b m e e s  are nuanufac lu red  and polis h ed using s tandard  shop procedures.

At present , the fol lowing i n v e s t i g a t i o n s  are act ive in the  l a i iem r .unory

I .  Dril l ing nu b t ucks  of various t~ pc~. including grani te , u s u n u c  a hi gh press u re r o n . m T i n g  seal and single  and dual orifice nozzles
specially devel uped for th i s  p u r p use .

2. Study of the  effects produced I Ty e m u v i t a t i n g  j e t s , how bi de t  to produce t i memmm and sc-here they may  he useful ly  app lied.

3. I- sp e r i m e n t s  on the  appl ica t ion  of col l iding je t s .

4. (‘ol laborative exper imenta l  work , in c u l l , u i . u u r a t m u r n r  wit in bite Low Temperature F aborat u rv , um n the breakin g and e u t t n t n u n  of ice .

HEAT TRANSFER Sri ‘DIES

An investigation of methods of increasing boiling and condens i n ue  Imeat t ransfer  coeff icients  by t rea t o m e n h  of fine heat t r a n s b e r
surface  is in progress.

‘s co-operative project with bhe  Division of Bui ld in g Re seare hm will deter m ine the u u s c t u b n e s s  of the h hme’r n mu i s ipIuusun as a ground heat
suu u rc e  for a lu e . u h  pump.

l - x p e r m m e n f s  continue on ihe use of steam as .u heating method for soldering tubing to t lmin sheet , as in flat plate  solar collectors.

An inexpensive . Ieak proof heat exchanger  has been develimped for use in solar energy systems. l abnic at ion is simple and it is
su it ,uble for production in small bal ches.

Work has started on a new type of ’ t empera ture  control  thie rmos ip lm on.  I’r e s i u m u m s  t ypes  have been designed to control the temper-
ature of a heal su ium rc c’ : this design controls the t empera fu re  if a heat sm ith s .

‘1

,, . .‘..“. ‘ ‘ ‘ ‘~~‘ 
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( 1 u % tl ’ (  l ’ s I h i l \  ‘ s I  1 1 ( 1 1 )  l ) ~~ \ ’ s M I ( S

N u mn uen iu. ’al ‘tin u Im i i s uns  are carried smut  in c mii ne’ct i ou m w m i i i  projects in i t i a t ed  iii t e n  mm a ll)  u i  .u s cc u b l m u f m c u r a  T m .  ir i s cc t i m  c u t  side cu rga ni za
lions. -‘ n present the h mel d ob nn rea test u i mssn n eel concerns u s e  pisibb et sss cut .ui i so r ptic ‘n cml h,u ss’ n c’im v ’ l f )  f u ~~ pla euma ~ ansI tim icte t ’  pu~-s
are e u r r c t m b l )  b c m u i ~ Inu rs uie d :

I ‘s sued > of mim e ’ i tm e cha ru i smn of re-e rt r r  su u s es  o c c u u r r u m u g  wIi~ tu b eamm i i n t ens i t )  is reduced bebov the level ci  ~ t u u n  im bass’, ’
supp uu rne c i  d e tuun j  tion can CC st -

2 -‘s us u r p  tm I T of laser e u u e r e  hu ~ b u dro g emm plasma cu mi mf imued  fi) a u magne t i e - f ie ld  ( laser  ( me - a t ed sohenu umd I

3, ‘s eT i f  cii the b l u i s h  mtui ,’ciuat ii cs . i ce cuu umpammym m mg cont inuous  ci i s .  u rg e ob lase r c n u c ’ rg} in to  a sl i uut ix  n ’ s] i n st a n d

4 L .u sct  ‘in itia ticm n of mu hu ig l s— den s ity i - p u n c h .

GAS I L R B I ” sl  HI ~l ) h \ C  N I t  1) 11 S

“s P r r ’rai m i on time th eore t i ca l and espe r i mu me mi t a l  s tu v h n of the perfo r mn samn ee of iu u g b u ts  loaded gas turbine bla sting hu m s becn un demta ~ -

.u s a n i l  l. u hi ut a h ice Progra u iu wi t  im m d  u st  rn and ii m m u v e r s u  t i e s .

151) 1 S F R I  t I .  PRO ( ’I SN . ‘ s l P t R  ‘ s i t  S . t N t )  IN .S I R U M I - N  l \ I  11)5

There is an appreciable e ffcmr i , o n a  c o n t i n u i t n e  f u m u s u s , du rected t u u w a r n i s  indus t r ia l  as sus t a unce . Thus cc c rk  u s of an ex n r e m e l )  vari ed
narure  mind , in general , requ ires  the s b mn ’c ia l ta c’ihi t ic s and c a p : u t u i h m b i c ’s u uv u u i l ablc  in rime laboratory.

Current  ,und r ecent co-operative pr cujecns  wu h h u  n m u m u m n m u f a c t u r e r s . m n u n h  users i m c hu mde :

m l  l I e s  probletn i s .us s cu ,m t n -d w i th  industrial  gas t u t b ine  exhaust  sy s te m s I I m i s t e r  Wincel er) .
( b) (‘o t m u b u s t i o n  s n u u s i u e s  heir m n s ium s mn ia l  gas tu rb ine  a p p h i c a t m u n s  (Wn ’sting h iouse and R o l l s ’ R i u n  ccl .
I c )  .- ‘sp p h i c . u n m i n i  of t imernmosi p hon us aim ener un s cii  i u sc rv i u u g  device in indust r ia l  applications I Dep h .  of .“ s nn rucum lm ure , ‘sl i f l i s i r )  of

I ra n i s b u m e t , Fan inon E le ctr ic , (T i i ro m m m a h u x (‘an- ada 1, 1db.
I d )  S cabc c h muu el e l  s t u u m i u c s  n u n  steel and copper e u u i n v c r t e r s  l u  es t ab u h ishu re la t ive  perform uun cc ’ and eera insic liner deteriora t i otn rat s ’ s

( Canad ian  Li q uid ‘ s i t  ,u n d S i r  u n d a ) .
I b b s - l u  p r e s s u r e  w a t e r  j e t  app l ica t ions  in m d  must  r n  I Hi gh I’ re e su i re  Sn s t e T i u s  L t d . ) .

i t )  Se abed n m m u d e h  st  mush is’s t su c e t a b  l u s h  t ime per I n u r u m m a n c e  i i i  c o m n m p l s ’x m d  m u s t r i m u  I l i m e  s v s b e n m s  cc tim a n w  Ic u es tabl is h ing spe c iOn ’
de s u g t m munch p e r t u u r n t a n c e  c ru t e r i a .  I N .mra ii d a and I t u n m i  Canada I t d .  I .

k g )  ‘sb in le t  sl um c h i n ’s of in he r n u . u l  flows in re m u c to r  hoeud m u nd mu ,u st e  inca t boiler I N r. u itch ,u mind K e u n  m Tecuu  i t  Ci ipp en Corp.) .
i h i  - t i b i t u de  t e s t  c inamber  c u r  s o ma l I  g u n  h u r h i n e s  ( P r a t t  & W i m i b t u c v  ‘ s u r c r , u b t  su b Car u. uu f .  l .t d . l .

i l  I ‘sp e r i m e n t . u l  st ud ’, c u f  .u n uve l  buu n i  d e s iu nn u ( R c u t b s ’ R u u v c e ’l .

L ,~~~~~~~~~~~ - . --
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HIGH SPEED A E R O D Y N A M I C S  LABORATORY

( . t I . I B R A 1 I O N  1)1 TIl l -  St I ISONI (  ,tND TRAN SOSI(  TF SI 5 1 ( 1 1( 1 5 5  i l l  l i l t - . 5 -f l ,  ‘ si r, BL O W I ) O V u \  V u I N D  T I NSE L

Fur the r  t mi eas u r em iu ents  that were r e l c r u e u l  to in Q.B. 1978 4 1 csere mumade in Febru ary  and Slardu l9 7~) .

S t , i t i c  pressure me a sm , :v ’mni e tu t s  cc etc made uun tIme centre lines of t h e  test section by use of a 4-in. di sumi meter  n t , u l ic  pressure probe
equipped wi th  an m nte im mal  scanm s’alve. P r e s s m m tc s  seere cmbta ined al 2 - i m u .  intervals over a length oh 6 ft .  In  addi t ion . h ’~ r time tran sonic
test section the press u re d i s t r ibu t ions  near time p enhorated tloor ammd ceiling were also obtained fro m long sna t u c -p re s s u rv  tube s
rh - a t  were bi xed there. The s t a t u e  pressure pro luc also carried a i~~t-sc inc at  u s  t ip, nuounted about  5.25 in. ahead of t i m e  c i u r t u n x of
the parabolic nose .

Resul ts  show tha t ,  b r  a 4 u : . u u : .  length ahead of tIme ce n t r c - c ub- r i j t a t i eu mm of the utmodel support , sm mmall positive pressure gradients s C u d
in n the centre h u e  these Iu, mse  mu tendency to decrease ss OIu i lm ereasin g M . u s b u  numumber  f o r  the t r a r u co nuc  t v t  section and u se  gr adient

dC1,is mcin to sh zero at  t t I - h o n  the subsonic nest se c t ion  tIme gradients are higher I t~ b u ica ll > ~~~~~~~ = ( ( ( b I l l s  per in .).

The pressure gr adient  . ch iun uun  the lion and ceiling oh the t r ans em nic  test sect iom i are v i r tua l l >  zero.

The hot ’sc ire m e asu re m m me nts  indicate a r iui nimu m n value in (p v )  f l u c t u m u n u i i n n s  of about  0.5~ of free-stream mit M = 0.5 in the
brat i si , f lu e test  section. At Fus s er  mind hig her ‘ sl ,uc bu numbers t lmere is scone im n c re , us s ’ e.g. to b) .6 at both Sb 0.3 and 0.8.

these results  reflect a c mnsudcr u ub l e inmprovement as a result 01 replacin g the sn ’v e t m s e t t l i n g  chaunmber  screens. Some measurements
t h a t  were m suade in 1977 wi th  on b > three original screens Ie fi in the settling chamber revealed turbulence  levels of more ’ than l’~.i n the t ra n us i ’nic test s u e  n o n  f’or 0.4 C SI ~ 0.7.

rhe subsonic test section e s l u i b u t s  very slightly bes s tu rbu lenn u e  than tine transonic test section for the Macfm numbe r range 0.3 ~NI ~ 0.75.

I )  s i  s S’s N I  I St I M I ’R OVi - :Ml - N 1 5 1 ) 5 5-I  1 .  X 5-FT. % % l N l ) Tt 551- I

Sh iu n ie r n i z ing  and t m b i c r a n u illg of the ’ data  sy s nen m on b I te 5 - f t . t u n n e l  in -as been pr cmgr esc ing slow ln Ic uward s  the nese POP 1 1 5 5  ‘1 stem
under  R ’~\ l  I - S I

N e w  an i r p h i b u e n s  have been u n s t m u h l c d . m n c r c . u s i n i c n  t I me n uu nmher  of c h a n n e l s  available to 4 u u  of hi gh qual i ty  and 40 of lower q u a I m t ~These amplif iers  have gains rangin g  fromm i I to 5 0 (u ((  and switc imable  fn c ,nb end fil ters w it lm cub off s  from 3 Hz to 1( 1 k I l t  - Self-
e h u i n k u n g  remote cal ibra t ion and remote  s n i t c h  n e a d u i n u t s  are bui l t  in and svi ll be used w h e n  the new s’, stem is ins ta l l ed , early 1979.

‘ sn t i mat  t ime , improved d i rec t  digital I, ’l 1) w i l l  he in s ta l led  ( f i n n  ‘‘ s n m u t us ” type  i n b o r m a t i o n )  and a table—driven e x t e r n a l  mu l t ip l e
condi t ion i n t e r r u p t  syst e m u m should unload the  proce ssor si gni f icant ly .  Tlmis in tu rn  sinould nmnak e possible on-line data reduct ion .
seh ieh will  be only p t u r t l  avm u t lahl e  in i t i a l l s - . \S i r k  us now proceeding on art A / I )  svstenc based on 3, 15-bit , I S i n  kUr A l )  con-
s e r t e r  with -a 96 channel  mu l t i p l exe r .  I n t e r fu i c ing  betwee n m the  5 I) sc stenmn and I - I )  con t ro l l e r s  is nearing complet ion and operat ion
up ho 200 k I -Ir has been dem ons t ra t ed , Plans are proceeding tri m ins tal la t i on during mu ‘p n i tmgti mc servicing per iod .  As par t  of the
upgrading,  mu rennote s i n e  c apmu h i i l i ty  will also he available am t h a t  h i nm uc .

Su i f tw are  has been deve lcuped for  “on- l in e” plo t t ing  o f - a e r o d y n a m i c  coei ’fieien t s . su ch a s Cp IX (‘1. CL IO ) . CD (C L ). C L /CD IO) etc .

TR , - t N S O N I C  EQ I1I ’s ’ .. t l . I -  5( 1- R t n l I . IN Vol ‘ s I N G  LII ’i

‘l ime eIms ss m ~u ih area r u l e  is sc -eli knuws ’n and i t s  a p p l m c . u t m u u n  to sving ’hody u b c ’ siu n n and drag reduction is demonst ra ted  on tnany s’ x i c t i n C
a i rc ra f t .  Reeenh ,u sls ances  in t r n u s u s n i c  aerodyn amic t b i n ’r~u ’, show tha t  the classical  area rule  requires  mi nnodi fl cation to account f o r
luf t . ‘s sertes of expe n i tn ents  is l ie it sun pre p mure r b  m i  u i t u be n  to u n n v e e m m u n m i i s ’ ib sese new’ concepts . The r e s u l t s  u if these experimental  studies
will provide cr i te r ia  for wi t t un ’ h u im iv  desi gn cc i t l n  emphmi si s  on dr a r  r e d u u c b i o n  for a i rc ra f t  cruisin g at  t r a n s u u n i n  speeds.

1’W O .DIMI-S SION -t l  T R S N S O N I ( ’  11.0W STt l ) h I - .S

Ilue 2-I )  sc ull  cor rec t ion m ethod  iii  \ !okrv h i s  been ex tended  t s u  d e t e r u m u i n e  time upper ansi  lu iwer w a l l  po ruu s i t i e s  sc -hm ei n will dcc
the best agreenment  be tween theore t i c a l  munch ex p e r i m e n t a l  sc ’mi II pressures for cachm scan. Th ese op t imut i t  pi r i i e u t i e s  are b l n c ’n n us u ’ sh
bum de te nm nm i ne  ihe ‘s l ,u eh n um nb ue r  mind .cngle of at  tack ci t ree I i c u Tl ’ , . 5 T i e SC l i T  ib e  di I fs ’renc s’ mime t h u d b u ms her’ n ml n’v elcuped . ss butch
allow-s b u r  va r u .uh l e  poros i ty  a l i in e  the upper  or loss en cc m i l l s . Sotnie i m n n p r u i v e n m i e n  I s  in b lue  t h m e o n e b  i c - a l  model are t h u s  exp ecte d
since inf hm , w and o u t f l u u w  .ilong ihe same wall can fu ss hue an coun ted  f u n
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S u i l u l u l e . u u i e ’ i u t a r n  I u u s s ’ s t i g . i t u u u i i  ut  t Im e B ( K  S u m .  I t i r l uc i l

cm b i e r N ‘s I  u m i v c s T u r , u t u u i n u s  cmi  t i n s  m u u r b ’c u u i  h . c s n  biee ’ii s u b u l n l e u n u e t u n e s l  cc i t h u  m m u e a s u m n c n u u e i u b s  ol cc-all h xu undary  cum ndutuons.  ‘l ime ‘‘ s t a t i c
u I ’ , ’’ n cmr i tu a l l y  used sc e r e  m e l u l . u n e , h  I ‘ s l u m  tub s’ s’’ b lu .u n e x t s ’mud s ’d i i u n . . m m g h u  t u e  u s h u i u i e  2 - l u  scc t i s i f l  in to  the inlet e- u , n m b r a e n m i u n .  In

, u u i u l  u t i u u u u . nnt c ’mu s u r e t u u e m i t s  sss’rs ’ i ui , c de’ uI  this ’ h u i u u t u s f . c n n  h i s  e n  u u t u  hue  h l u u c i n  and ce i l in g .  Various wall I m u u n m u 5 u t ~ s e h u e n t u e s  cc-etc m rs es n i g m u t e d
S Is , ’ . r e c s u u  cm and m s u smde l  t e m i i p e n a t u n e ’ ’ m u e  re tee . : ind c s f  I i ’  s i e t e r m i u m n u e  it s i g i m m i  ica n u n  lun ’,u b I i  a n u s t  cm eh h ee l s  sc- crc present during time early

b _ i t t  ci b a  run .  h r u u n u i  the ami m ii v i e d data in is n c u t t n l s u d e  d t h u a t  du e ’ mu s s “sla t ic  tubes ’’ at e an n u u n h i r u c c i n u e n n t over t I m e  old “rai ls ”. They
ss ill t i i u s  bc part su f rime st and ,u r eh ss’i ’up teur  im c n u u r c  2 — l i  m e t s  I (us -  n - m u i l u c n . u m sun e ’ r e s u l t s  s i u , i u s  enl t i u m u n , mu spite u t a rat h er pronounced
tra nsient n t u n u nr s t a n t _ u l u . th ere is i i i ,  sue ’ T m u t u e , u i ’ r l u i .u l  t r m u n u s t n ’ T c iu m n m n i ’  ibis’ n u u r n u u , u l  data  h i hi , u ee ’ oh .u r un ,

S I t  I ) I t - S O F % % l ’ x ( ,  1 1 1 1 1 1  l ’ I \ ( ,

t i m cu re  U n a l  s T u d s cut  T h u s ’ t r , u m n s u c ’ m m t  rn ’ s1i r i mmsn ’ c i t ,c a m u u c i  i i ’  S u n  S t , i t l s , . L n 7 ‘ s u b l e t  t . u a c h s  is in p r u i c ’re ss . S . i ru - u u e  f o rms  n u t  the power

- s p e c i r mil n h e u i s i T i  s i t  t h e  .u e ’ T i u c h n u u . m m n u u c  l c u ,u d u t u e ’ d i n  T i m e  55 mu l i - a s ,  l i e s - t i  n , i t i s i u b u  n e d  t i m  nu n ui m m b er  oh Iu u ,u d c e n s u s  n u n n e  h m i s t u i r v  dur ing
l i u m i t e n  r u t . u n i u u e u m s t e s  -‘s : s t i u n f  t i c m i n u , ’l m m m s s ’ s u u e . c t  ‘ u t  t l1 s ’ ‘m i t t _ i c e ’ prs’ ssu m ne  .u t u s f  n u i n m u u . u l  t u r n s ’  t u u c m r u . i t u , i n r ’ , .m s e u u c u a i u . ’si wi th  b u f f e t i n g
fm -as h u e e m u  e .mt r m e c t  c u mu t sin thus ’ u - i  - k  N i ’  I

R I  S O i l ) S  S t  51111  R I - I l l - I I N  t i N  l \ n i i - I ) l ’ciI N SION S I SI R u I t O l  S S s I I I I  M I (  I I A N I C A L  I l i ( , I l  I . h I - l DI-:vluI :s

I. r i d e r  .u ( c u m i n  5, 1)_ C n ic h i s  i l lans d e t m t c r h i l u s e  a e f u T o t l i s i e ’tu. ’d u m t m c ,ln ’n t i n e ’ I ’ l l  I’ i T . u e n . u m m u  a n d e x n n ’nsm s e  net  of ’ low’ speed aerodynamic
tll e . u s u c r e m n m e t n t s  s c e n e  mum - ads’  i t t  t h e  . - I )  u mTsc r lu ‘ u s ’ p en  mu st ~~I -  n u n u l u e r  21i N. i vs ’ m m u h u e r  3 11 . I ci “11 , sin ,m n m u l i u — n o n m n p n u m t e n t  a e r u i f o u l

ui usu deh

I l u m n u u m u n  t ime t i r s m  p im .u se ’ ‘b lie a s i n k  ss’ n n m . , u ’ n . , u ( i T u e  c I t e ’  I I  up cs’s u m : v e T T u e ’s i n c u b i  amm ef c c i n h u n u u n  a leading—ed ge slat ( were opt inmized an a
clu tch Re ’s n m , i l u h s  n m u t t r l i s -n c u t  I. I i i ’ c u u i ’ ss . l u u s ’ T u u l d  b e n t  pn - n I u ’ r u i m a n n -e i t  h c ’ sve ’r u t i nh  i t u ’.’b n Re> -n ol ds n sum nmbers  were c ime e ked.

In mc s eec i mm eh p im , i se i t  t e s t s  u s u t i m  , . m s  a - 5 c i ’ - . e- m n c - u n i u c t a u s  h ,u~ em T m u e m j s u r e u i u c n t e  s s e n u ’ tnmad e near the  t r a i l i t n n n - n ’nh c’e of the tn’m a in
ele’i m ue t i t  . mc t u h i u n  u r n ;  a ne ss t u c u u u ums l,i ’ s u n — m u ’  s i t u  r u n  I l r s ’se’ I an  t en  u u c . u s u c r r u t u e ’ m tn s 55C r :’ p r m n n a r i l v  n i i r e ’c t s ’ uh u t  checkout  on t ine
t r m u s c r e u m n s ’  ru in  in i T s  s m u u r p lesi - ‘t i n , scu d  n ) - , , ,  ‘ r n  . ‘ u s u  i i i  dn ’me lu i p ing  n c h u , u b : h e  u ’ cmun ‘n more e \ T s ’ n r s u s n ’ bounda ry  aver  n mm emusurem crut s
u n  i n u uni t  t i m  n u m u m l r u  • i T n u l u u n u d  r u  . m n n  - ‘ , i : .  ti mime ‘:c i n  l i t m u m e -

S\ u u r k  un a t m i b e r a t u s e ’ s , u h u c t u u i m m  . .~ t h e  , i m r u b i r e . ..sm u i t e  (us, u c n m d . u r n  I.~ er lin u s  a b u u c u u !  , m n u u l n u ’ e l e n m u c n t a i r l u u l  us n’c u n t u n u m u n u n  mi t  the I. T l u s e r s u n 5
o f \ b . c i u i i u i b i a .

11( 11. 1- ER R O R  I N S t - S I 11 .5111  iN

‘sn exper imenta l  st  u ud n  has been ei .u n m t p h e  ted , in n i ’  b I r c h  i r u t  s u n  w i t h  ‘r u t  e’ss u ur  J .C. ‘ e r r  mu eron , of the 1. nlus ’ e r s in n  of S f r e r h r i u i ’uk e . of

r the effect cuf u u r i t n c e  size on the t n rcas su nemen t  sit p r e s s u m rc  cut u t ime sur face  m i t  an aerofoi l  at x uu h i s u u nu ie  free—str e am ve lo ci t ies ,  Speeds
up tm .51 = 0. ’ -and cinond Rs ’v n s i h n f s  nun t ins ’n i r e u m n u  Ii .< I I l ~ to 3 3 -‘ I 0~ were  used. Om i t  ice s l i m i u n m n ’ t e r e  ran ge from ( ( ( ( ( 6  in. to
(( . 1116 in. “ s i T mi l S  su e of time d a t a  clem u r l y  u t i d i c , u t n ’s t h a t  t ime  s a h u u e  of l ine elnordwise fnur e e c s u e t f i c u e n t .  obtaine c by integration of the
sur t ac e  pressure . eu .uns i s tc ’n t b >  i n u n c . u e n ’s w - i t l n  t he  suz e u .ub t he n i b  ice ’ . Time e t t e c t  is ra ther  more pronounced at SI = 0.5 and 0. 7
than at 51 0.3.

51 1 551 R E M I S ’ F ( I I -  S K I N  FRICTION ON ‘I ’W O -D I M F N SI ON A L  AIRFOILS IN SUBSONIC FLOW

summary of the nmea sure u tu c nt s  using e ubs t ac l e  b lsu cks is imnn c l ud e d in h ini s  issu ic as an ar t iu ’Ie.

SUPERCR I TI (’ u\I, A I R F O I L  I) I ’. VI:I . OI’M 1-151

Unde r  an - -n - goimig jo int  5.-t b - she I I_us  i l l , u nne h  program . two  l b  t l n iek  . c m r t u u m l  mh e ’si ~’ns have bec mn teste d in ti l e N _ -ti IS- in .  C lu( ~’i nu

t e s t  t m u c i l m t y ,  and bhe u p e r l u i r n u r . u n c e  compared. The second a u r b u u u l .  svb uu e n m nc um rporated design u l n u p r e m v e t n m e n t s  over the ’  t u r s 1 .
;‘- n e r a l l n  d m sp la> eu sir - ag values w h i c h  w e r e  htig lm en t h u - a n  t huuuee  uu b s c ’ t seuh  for the h u r s t .  -‘s complete mun a l y s i s  sib d ims i n s e s t u g a t u , ui n sc an
pre sc’n red in SI ,u Ii  I 979 ut  I lie A t l an t i c  - ‘sen in i i i  nea l  Conference u n  Wi l l  n . u n i t  sh num mu m , S

TESTS F OR ( 11 1511 ) 1 -  O R ) ,  5 5 1 / 5  r u i N s

‘~ 
u~ t I l - Semi t mia ,  Sweden.

l s ’st s were cc induct ed mit t r a n s sun ic  and sup ersonic  ‘ s I . u n l u  numbers  sin a series of se luennabic aircraft  riT ode ls .

- — S .  -=~~_‘ - A ___n
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H Y D R A U L I C S  LABORATORY

ST. I, A S s- R l - N ( E  S H I P  cnA NNr : L

Under  time spo n sorship of the M i n i s t r y  of Transport ,  a s 1udy to intprove navigation along the St .  l a w r e n c e  Riven,  using h y d r a u l i c
and numermc al  nsodeling techni ques.

N U M E R I C AL S IM U L A T I O N  OF Rlv I - : R AND 1-STUA RY S’i’STI’M S

Mathematica l models have been developed to s imulate  tidal propagation in estuaries , wave refraction in shallo w- w a t e r  and l i t to ra l
drif t  processes. The feasibility of su smm sg array pr n uc e sw irs  to solve the h ydmody n arnie  equations is presently under s tudy  -

WAVE l - ’ ORCI. S ON OFF ’SHORE STRUCTURES

Wave flume s tudy to determine desig n cri teria feur off-shore s t ru c t u i mes , such as cooling water intakes or ou t fm d i l s . mooning dolphins ,
drilling rigs , etc .

RANDO M SS .-SVI- G E N E R A T I O N

A study of rando mu u mvaves generated in a habormurory  wave flume by signals from a computer .  Specia l att ent ion is paid to the
simula t ion of wave groups.

STABILiTY OF RUBBLE M O U N D  BREAKWATERS

A flume study for the Department of Public ‘ s Vuu tk s  to determine stab i l i t s  coeff ic ients  of armour un i t s  and the ef t c ’c n of a number
of w’ave parameters on the s tabi l i ty  of rubble mound breakwaters , i nc l u d ing  the effect of wave grouping ,

W ,-%VE LOADS ON CAI S SON TYPE BREAKWATERS

A flume study for the Depar tn men t  of Public W s m rks  to determine the overall loading , as well as the pressure d i s t r ibu t ion  on S a r i u i U S
Caisson-type b reakwa te r s .

WA\’L POWER AS AN ENERGY SOURCE

A general s tudy to assess the  cc-ave power available around Cmunada ’s coast and to evaluate various proposed schemes to e’stracb this
energy. I n t e r n a t i o n a l  co -o pem atis in is taking p lace throug h the In t e rna t i ona l  Energy Agency of OFCD.

SIOTIONS Or I -SRGE 1 1 ( 1 .5 F IN G  S T R I CT U R E S . MOORED IN SHALLO W WATER

A mathematical and hydraulic nmodeling program will be carried out to develop techniques  and methods to forecast motions of .
and mooring forces on large structures  moored in shallow water ,

C A L I B R A T I O N  OF FLOW MI - A S U R I N G  DEVICES

1-aci h i t ies  tc m calibrate various types of low meters up to a maximum capacity of 5,000 gpm are regularly used for/or by private
indus t ry  and other government departmen f s.

OSHAW A HARBOUR MODEL STUDY

A hydraul ic  model s tudy for Publ ic  W u i r k s , Canada of Oshawa Harbour on Lake Ontario , to investigate changes in ti m e layout of
time present breakwaters  to reduce the level of wave agi ta t ion  inside the harbour  basin ,

TRANSPORT OF SAND ON BEACHES

A meihod rat  been developed for calculat ing rates of sand t ranspor t  in the presence of waves , a modification of the Ac -h e r s  and
White method for rivet flows, A new flume was recently constructed in which the method can be tested.

LOW (IF AD WATER TURBINES

A research program has been s tar ted  to investi ga te  the  feas ib mi l ihy  of e ’m t ra c tmn g  power fruunmm wa ler  Cunr en l s , b~ using low head
turbines ,

HYBRID MODE LINC ; T E ( ’ I I N I QU I  S [SING A R R A Y  PROCESSORS

Estu arie s wher e tidal power can be developed require the use of large physical  mocl eir of the area. The lab oratciry has den mon ’
strat ed thai  a “hy brid model” can dynamica l ly  couple together  a m a t h e r u n a t m e m u l nno du m b to the  physical  mmi od el at the boundaries.
th e r c fsmt e the  physical model need not be very lai -ge in ex t e n t ,  An ar r m u y processor will  be used to n c ah ize time nu athemabical
“ i r t i o n  of the hybrid model.

- &.,~ =~~ , ,~~~ , 
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LOW SPEED AERODYNAMICS LABORATORY

- 551St ) TIISN I - I, OP ER A1 IONS

l ime three mtl’aj sur wi m usl t unne ls  of time l ab e u r a iuu ry  mire: the 15—ft .  d i a i u ue t e r  open jet v e r t i c a l  t unne l ,  the 6 ’lt .  ‘1- n. c lu>sed j et
horizontal tunne l , and tIme 3( 1-ft. V/ S’IOL tunnel .  During t u e  qu a r te r , a m u u m b e n  of test ~m ro gr am iu s were car mied ot ci f o r  groups
both w’it lmin atud outside u u f  the government .  With i n  the g ov crnnment , test  programs included s tudies  on luu uild ing a e rodynamtmmcs
and ship-hull flow- v isuu a l i ~m c t i u u m u .  S tudies for n emn - gov crnimment  groups included the aerodynamics of mu road vehi c le , amu aur cr a f t ,
a building, ml vert ical-axis  sv in d tu rb ine , an , uu rc r . u b t  insecticide spray-boommi systeimu and downh ill skiers.

W o r k  conti tmuces on the contract  for the new data acquis i t ioum , reduction and control e s st cnm for the 6-it. X 9 - f t .  w-iru d tunnel .
l’ inal instal lat ion at  the site will bake  place in April 1979.

WIND h - .NGINE E RING

In cob lmuboration with the Division of Building Research , an mcerodynamic  incest igat ion of Conmnmerce Cour t , Toronto is being
under taken.  Time purp cuse is to obtain wind tunnel  comnmpa n isons w i tfm full-scale measurements  oh surface  pressures and bu i ld ing
movements.  An aeroelastic mmm dcl has been designed and constructed. Dynao u ic calibratio n of the model will be carried n u b  in
preparat ion hot wind tunne l  tests in June  1979.

A series of si.x 1:111 scale truck models are being designed :u mtd constructed to continue NRC ’s p r u u g r a m  in truck energy conse rva-
tion throug h aerodynansic drag reduction and mm support  of a joint  NRC/Transpor t  Canada - DO I / SAL (U.S.A.)  wind tunnel
testin g program.

A compariso n b e t w e e n  road measurement of fuel savings and wind tunnel  predictions has been pert ormed for large high uway
trucks .  The work was sponsored by Transpont Canada and carr ied  out by 1)avis F ry o u  and Associates in col laborm ul i on with NRC.

Measurements  of wind properties are being commtinued on the Lions ’ Gate Br idge ’. Vancouver as part n u t  an aerodynamic investiga-
- n o n  of the bridge. Ouhpu t s  from five anemometers and two accelerometers tha t  eteasure b r id un e miu t i u .un are recorded by an

automated sy s te f in ,  Si te  assistance is being provided by Buckland and Taylor  Limm u ired , Va u ncouve r

An invest igation into the aerodynamic st- abil i ty of an ore conveyer brid ge seas eoonplebed in the 15 .fi. c’e rbu cal win d tunne l  using
a 1:12 scale sectional model. The proposed suspension bridge sc-ill cross the Sim i l ka mt uee ui  m i s e r  vmu l le y and wil l  be 1350 ft. between
towers. -‘s program of wind measure m ents is underway at tIme site, The work is being done lsum Buckland and Taylor Ltd . ,  Vancouvu
Canada.

A study of street level winds in the downtown core of the City of Ottawa is underway.  The first phase will establish a probab il it s
distribution of the existing wind climate and the second phase will be the simulation of the ssind conditions using a 1 4 ( 1( 1 scale’
nuodel in the N A F  30-ft. x 30-ft. wind tunnel .  Time study is jointly sponsored by time ( ‘ib y  of Ot taw a .  the I ) epantnment  of Pui e l cn
Works , the Na iional Capital (‘ommission and the Nat ional  Aeronautical  l- s tab l is lmment.  A contract  for the c o lus t ruc t in u mn of renm n it e
w ind  sensing un i t s  has been let and a PDP 1 1/03 micro syste mnu has been received.

An invest igation was conducted in the 30-ft. X 30-ft. wind tunnel for the Dep artnmen t  of Energy.  Mines and Resources ,in a
4.3-ft. d iameter  tethered spherical balloon to be used as a marker for aircraft in an Arctic survey. \ heasure m muen t s  of the b reed
in the tether and cbse rvat ions  of the balloon motion were made.

A 1:8 . 1  scale model of an airborne towed target and miss ’indicator was constructed and wind tunnel  tested in the 3.ft. win d
- tunnel  for the Depar tment  of National Defence , the object being to diagnose the cause of and devise modificat ions ho eliminate

severe instability of the target on the end of its b u ssing cable. The tests were successfully completed.

FLUIDIC S

Co-operative studies with D.G. Ins t ru m ents o f - a  3-axis velocity sensor are continuing u~ ng both N R (  and indus t ry  developed
concepts. Studies of vortex excitat ion of velocity sensor pn cmbes have been carried out  in co-operat iomm wi th  F l u i d y n a m i c s
Devices Ltd. A program of applications of laminar flow in thin  passages is being carried out  in co-operation with the Control
Systems and Hunm an Engineering Labor .utory of l)MF .

yr  RTICAL AXIS WIN D TU RBINE

In July,  the rotor of the 230 ’kw demonstration wind turbine on the M u g da l cn Isl mund s collapsed while the drive train was under-
going maintenance.  An investigation of the causes of the accident has uncovered no basic flaw in its design or construction and a
decision has been made to rebuild it. Two 50-kw plat it s are now in operation. di rec t hs  connected to local power ne t w orks  in
Newfoundland and Saska tc h ue ss  mm -

~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - .—— ,~~~ L ._ 
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AERIAL SPRAYING OF PESTICIDES

.5 new spray boom, designed in co-operation w i t h  CON A I R  .-‘s s i , u t i , u r u  Ltd.,  b u a s  been uc s c’ mf on the spray in g  operations in Newfoundland ,
this past summer. ‘l’he perfor m ance of the new boonm csunf i g una t io iu  us satisfactory with regard to bot h aerodynamic drag, and spray
e i n a r a c t e ’ r u s n u e s .  It  was the opinion of DC-6 lii ~‘ T crews that time a i rcr a f t  performance with stneamn hi ne  booms installed was essentially
that  of the clean a i rc ra f t , and that a saving of 4(10 hp w a s  realized a n  a flig ht speed of 185 kts ,

Research into the behaviour of spray droplets emOted into  the aiecr a fh vortex ss- aks ’ is cont inuing .  A wind tunnel  model of - a
Grumman .“sv c t ue er  has been tested wit h spraying front  var ious  pa r t s  along the span.

— - ——  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ --- - -~~~~~~~ --~~~——— . -
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LOW T E M P E R A T U R E  LABORATORY

Th ERMAL PR OTI - .( ’TIO N (hE TRACK SWI T( ’UE S

The cisc of heat to e l i m u n i m u i s ’ s c s - i i c h u failures frout i  snow and ice i s a  standard approach to th is proble m . Work has been carried out
on improving the  efficiency suf forced convection e o mm mbus i i cu tm  heaters  amu d the  means of d i s t r ibu t ing  heat to the critical areas o f - a
scs i tc h .

HORIZONTAL. AIR C U R r A I N  SWITCH PROTECTOR

A non-thermal method of protecting a swi t ch  from tailor s ’ due to snow has been undergoing development and evaluat ion . This
method consists of hig h v e h u u e i t ~ hor i z onta l  air cur ta ins  designed to p r e v e n t  the  deposit  of snow in c r i t i ca l  areas of a s v . ime i u  The
tests conducted to date are espec ially encourag ing with respect to ~atds - m d  terminal s . Additional evaluation is requited for the
line sets-ice application.

NEW RAILWAY SWITCH DEVELOPMENT

The ul t imate  solution to the existing problem of snow and ice failure of the point swirc lm would appear to be replacement by a new-
design that  is not subject to f :uu hn ure  in this  wmu ~ - A swihch has been designed , fabricated , labonauory tested and has now- co nnpl e ted
one winter  season of field trials. The design involves sun ly  shear loading from snoss and ice,

— MISCELLANEOUS ICING INVESTIGATIONS

Analytical and exper imental  inves t iga t ions  of a non- rou t ine  na ture , and the inves t iga t ion  of ce r ta in  aspects of icing sim u lat u em n and
measurement,

TRAWLER ICING

In collaboratmon ssmtb i  Depar tment  of Transport , an inve sii gation of the icing of fis iming t rawlers and other  sesss’l s under  Condi t ions
of freezing sea spray , and of meibmods  of combatming the problem.

AIRBORNE SNOW CONCENTRATION

To provide statistica l data on the airborne mass concentration of fall ing snow in order to define sui tab le  design and qualm b i e m u t u s c i

criteria for f l ight  throug h snow , measurements  of concentration and related m ets ’ uuro l ogi c a l  pa r a inmeters  are being made.

SEA ICE DYNAMICS

Analytical and expcrsmenta l work on the techniques of forming low-strength ice from sm nhi t u e  solutions is being carried out in
connection with proposed modeling studies of icebreakin g ships and arctic port  facilities.

An invest igation is being made into the modeling of sea ice based on the freezing of aqueous solutions , The cnb~ee t ivc  of the
investigation us to improve the dynamic s imi la r i ty  in model t e s t i ng  in s imulated semi ice .

LOCOMOT IV E TRACTION MOTOR S

An investigation into the failure of locomotive traction motor support bearings due to us-inter sers-icc has been u n d e r t a k e n . The
presence of mois ture  either as water or ice in the oil reservoirs is suspected to be a con t r ibu t ing  cause of the  failures.

HIGH PR I - .SSURE CUTI ’ING OF Id -I

Experimenta l work is being carried out in collaboration with Gas Dynatnics personnel on the cut t ing  of ice wi th  high pressure
water jets. One phase of this work has been concerned wi th  the removal of ice from a substrate such as concrete. The o ther  ss sink
on ice cu t t ing  has been fumr possible applicat ion to ice breaking ships.
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MARINE DYNAMICS AND SHIP LABORATORY

HIGH SPEED CRAFT

Se’s eral msude l s in a s y s t e n m s a t u e  semis’ s have  been studied mind ohhens  are hieing prepared ho deternmine their  perform ance in stil l water
and in svaves

Ct)MI3l .NA l i o N FIS h IN G VI S, SEI .

Model tes ts  have been comp leted on a m ess -  design of 70 ft . Wes t  Coast combinat ion salmon and lmer n mng fishing ves se l .

— The tua sic h s  s b msu d ~ namic e f f i v i ency  of the design w a s  investig ated th roug h resistance and self-propulsion exper iments in caltn water
and studies were made of the performance of the vessel and i t s  sa fs’iy against capsiz e in waves , Tisese expe n innents  were carried
out  in the 130 In, X 65 m . X 3.5 m. scakeeping and manoeuv n ing basin using a radio-controlle d t ree - runn ing  mcde l .

65 FT. I-:A5T COAST FIS h IN G VESSEL

The laboratory us current ly  investigating whether  increase in the beam of small fishing vessels, w’hich has ads~un u ta g e s for deck
work ing ,  leads to any det en ic sra t ion in seakeeping qualities.

Beam wave rolling expe n i t mm ents , both with and wit lmout passive anti-rolling tank stabilization , have been completed. Empirical
coefficients obtained from these model ex per innents  are being used to continue the study with the laboratory ’s five degrees of
freedom ship nmcmbion  progr am.

SWATh M .-\NOI- I1 V R I N G  INVI- ISTIGATION

The laboratory is currently building a model of a Small Waterp lane Area Twin Hull (SWATH) vessel for an investigation into the
effect of the positionin g of the rudders on the vessel’ s manoeuvrabiity.

LOCK MODEL STUDY - EXTENSION

The second series of model tests for the St. Lawrence Seaway Author i ty  into  the effect  of vessel siz e and lock geometry on lock
transit  times in the Welland (‘anal has been completed. These studies are in direct support of a pro to type  marine shunter  trials
pro gram.

The marine  shunters are small tugs which would attach to the bow and stern of vessels and provide the motive power and control
- 

to manoeuvre themm i throug h the canal and locks. The exper iment  data would allow the A u t h o r i t y  to extrapola te  from full  scale
trials data and predict the value of th e marine shun te r  concept for a much wider range of vessel size and t ype than  it is practical
to test full scale.

.- ‘sNTI ’P ITCH ING

Reduction of ship motions is of major importance in the design of small fast warships. While  roll stab i l izah ion is common , it is
generally believed that  pitch stabi l izat ion is not practical  bee -amuse of the large forces invo ls ed.

The laboratory us engaged in exper iments  in wh ich hy drofo i l  technology is being applied t(i an t i -p i tch ing  fins , In a first ser i es two
models , f i t ted  with fins , have been ruin mn calm wm ui cr  to dehermine  the forces and moments  a c h i m n c m  for a range o f -a t t i t u d e s  of the hull .

Sl y . “ARCTIC”

Tine ’ hahora t s u ry  wil l  shortl y be par t i c ipa t ing  in dedicated icebrc.u king trials atnoard the  M. V Arc t ic ,  This is Canada ’s first ieebre aking
hulk  cargo vessel and has been bu i l t  to nne et  the A r c t i c  W m u t e r s  Po l luhis m n P r e v e n t i u m n  Re gulmut i on s  as a Class 2 ship. The laboratory
has advised in the design and installation o l a  soph i s t icmi t ed data system with wimich t ine  vessel has been equipped to nneasur e  ice ’
Is umid ing s .  u s in g  160 s t ra i n  gauges moun ted  on tine ’ hul l , mis  well as ship motions and p r o p u l s i su n  paranne te r s .  The data from these ’
tr ials  should h ue ’  extremely valuable for the design of futu re  .- ‘ s r e t i c  bulk carriers.
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I N S T R U M E N T E D  LOCOMOTIVE W H E E L S E T  NEAR CO M P L E T I O N

T o m CONTINUOUS OUTPUT LATERAL FORCE BRIDGE CONSISTS OF THE EIGHT 90 ROSETTE
GA UGES SF i N  ENCIRCL IN G THE WHEEL HUB ,T~4tI TWO REMAINIr s j~ GAUGES I5A NL) ~0 O’CLOC KPOSITI ON) FORM PART OF THE SAMPLED OUTPUT VERT ICAL FORCE BRIDGE.

RAILWA Y LABORATORY
Dl VISION OF MECHANICA L ENGINEERING

L ‘- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ -.,~~~~~~~~~-~~~~~~~ ‘ - - . ~~~~~~~~- -~~~~~~~~~~~~~~~~~
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RAILWAY LABORATORY

t . A B I i R A I O R V  I .-wIl .I I IFS FOR R - ~ ll. W A V  RE SE.-\R (’ II

- Time curs-c pos itisun control  lever s~-st em design for  time track si m mmu l a t o r  hnas been omodif i ed to increase its rigidity.  Detai l s of t ime
revised d esign and time c o n s t r i u e t i u s r u  of these lever arnss sc-ill be carried forward by our M a n u f a c t u r i n g  and Teclmnology Centre.
A te tn i pura t \  pu -uwem hookup for tine 150 imp and 50 hp motors is being set up in Building M-3 (sir tests of the track simulm utor
dubTerem ihia l  drive gear un i t s .

l i t  co hl ab ora tuomn w i t h  the ’ At i a ly s is  La hum raho ry ,  w s urk  co m mtinues  on a ma thema t i ca l  nuode l of the curved track simulator.  In
parricu lar . this’ wheel-roller int erac bion phenonnen on is being studied.

Im ns t r un m nen s  (‘at 62 is-as been t i t t e s i  w i t h  mu t l u u o r  to absorb longi tudinal  sh ocks , racks for ins t rumentat ion , and a work bench ,

Lig hting in certain ssuurk areas of our dynanmics test buildi ng ft - as been improved , and the cooling system for the hydraul ic  power
supply for the rail car shaker ci stern is altunost com plete . A contract has been let and work has started on lighting and power
out le t s  for our ness’ squeeze frame cover building.

GENER -~ E. I N STR U M IIN TAT IOr’,

The Laboratory, in co-operation wi th  the Mar ine  Dynamics and Ship Laboratory,  have built  a micro-processo r based ship ’s
motion analyzer. l)evelopment of the digital programs for computat ion and control , including laboratory checks of the instru-
ment , using field dm u ta , are presently being carried out by the Marine Dynamics and Ship Laboratory.

A non-contacting transducer is being developed to measure speed and displacement of ferno-magnetic surfaces by correlating t w o
magnetic noise signals.

- ‘tn ins t rummuented  loco r mmotive wheelse t for measuring vertical and lateral rail/wheel forces in service is being developed for
Transport  Canada Research and Development Centre, Strain gauging, w iring, and calibration of the vertical and lateral force
bridges on each wheel h ave been completed. Spin tests and check out 01 thue telemetry is under way.

TECHN iCAL PHOTO c R AP H Y

.-ts sustanc e ‘s-as given to the Loss- Tentperature and Gas l ) y mi a mni cs Laboratories and the National Aeronautical  Establi shment ’s
research sec t ion using stills and high speed movies, 

—~~~~~~~ 



- — .— - -- -r ” ”  “ - - - .
~~~

- ‘

- 74 -

STRUCTURES AND M ATE R I A LS LABORATORY

MOTOR VEHICLE SAFE I’Y

In coll aboratu sun with the Road and Motor teKicte Tt~~’fic Safe ty Branch of Transport Canada the second phase of the studie s

‘rvaluat i .ng head laomp peris irmance is u n d e r w a y .  At t en t ion  is b oeussed on the deternuina t ion of population charact eristics of

hv’adlarisps presently ins use. Meat’ tlcussmi nmsnsx and glase qu anu dnant values together with data describing the in fluence of dir t ,

aim and voltage for a large sample of vehicles are being analyzed within the previously def’mned system ’s concept.

ViDEO PHOTOCRAMMETRY SYSTEM FOR REAL TIME TII REE .DIM ENS IONAL CONTRO L

Potential  applications for an N R C / N A I  30 lIz Video Phohogramm etry System des- eloped for three-dimensional mach one ’  e s i n t ro l

ta sk s are being examined. The systenn is based on the principle that  knowledge of the centroid data for four targets on a rugud

body permits the single camera photogrammetn ic solution to be solved for each video frame to determin e time position and

eir ienta t ion of the body, in real time, for three-dimensional machine control - Initial applications w ill focus on remote manipulator

systems.

METALLIC MATERIALS

Structure-property relationships in aerospace alloys, including cast or wroug ht nickel  and cobalt-base supera lloys, hig h stne mig tbu

t i tanium and a luminum alloys. Studies on the consolidation and TMT processing of t i tanium and superalloy compacts h ) bios

isostatic pressing, isothermal and superplast ic forg ing, and extrusion. Studies on the mechanical prop erties of these mater ials.

The mechanics of cold isostatic compaction of metal powders , and properties of hydros ta t ica l ly  ext ruded materials . Studies  of

the sus , idati on/hot corrosion behaviour of coated and uncoated refracto ry metals and superalloys .

FRACTOGRAPHY AND FAILURE ANALYSIS

Utilization of transmission and scanning electron microscopes in the study of (r actu re surfaces , leading to the identificat io n of

the mieromechan i sms of fracture involved in the failure of structural  components  I -tom such information th is f requent ly

possible to deternnirte the causes of failures and to Suggest sernedial action.

FATIGUE OF METALS

Studies of the basic fatigue chara cteristics of materials under constani and variable ampli tude loading ; fatigue tests on components

to obtain basic design data ;  fatigue tests on components for validation of design; studies of the s tat i s t ics  of fa t i gue  failures ;

development of techniq ues to simulate service fa t igue loading.

OPERATIONAL LOADS AND LIFE OF AIRCRAFT STR U CTU RES

In s t r umenta f  ion of aircraft for the measurement of flig ht loads and accelerations; fa t igue life monitorin g and analysis of load and

acceleration spectra; full-scale fatigue testing of aia ftamsts and components. t4oni -d ur sttucti’ce testing and damage n s ulerance evaluation.

THEORY O F STRUCTURES

Studies  of the app lication of f ini te  element methods to structural prDb lems. As sesstnent of commercially available computer

programs for s t ructural  analysis.  Calculation of stress-intensity factors for cracked three-dimensional bodies. Damage ’ tolerance

analysis.

AERO A CO U ST IC S

Studies of aerospace-related acoustical problems with specia l reference to intense noise and its effect on structures. I s-a lua tion of

aerospace hardware in intense noise . Studies of jet exhaust noise, win d-tunnel noise , techniques (or digital signal processing.

enhancement  of signals obscured by noise.

FL I (;H T IMPACT S I M U l A T O R

Simulator  developed and calibrated to capability of accelerating a 4-lb. mass to a velocity of 1000 ft /sec., and an 8-lb. mass to a

velocity of 761) ft /sec. Available to Canadian and Foreign manufacturers  for c e r t i b i e m i h i o n  it aircraft components and structures,

Mis s used for f u n d a m e n t a l  studies of the impact  process and evaluation of transparenci es.

_ _  ~~~~~
-. -- -
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CALIBRA TION OF FO RCE A ND VI B RATI ON MEASURI NG DEV I CES

Facilities available f o r  the calibration of governmnent , univers i ty ,  and industrial equipmtm ent  i n c l u d e ’  d e a d w e i g h t force standards
up to 100,000 lb., dynamssie calibration of vibration pick-ups in the fne quene ~ range 10 l I z  to 2000 lI z.

NON-METALLIC COM POSITE MATERIALS

Studie s of non -nme sa ll ic e s s t u s 1i s s s u t c s  including resins , cnoss - l inkimug comp suunds , polymerizat ion ini t iators , selection of matrice s and
reinforcements , application and fabricat ion prs u e edure ’s, mu m ate n ial propertie s, and s t ruc tura l  designs .

P O LIC I - EQUIPMENT STANDARDS

The N R ( ’ - ( ACP Icchn ic al  L iais smn Committee on Police E quipomeot is a bilateral ar ran g enuent  s i t  bringing to geth er police and
government personnel to revie w - police equip t t m ent  requirements , equipment  performance sp e cif icanussn is . -and confoumance l e s t t t s s ’
procedures. Work of the Committee is expedited by a pernuanent  Secretariat  wh mi ch has a primary responsibiit~ for cont inu i ty  in
the activities of a nunnhen  ss i  Sections , each dealing w i t h  a par t icular  area of expert ise , and for c s s - s s r d i n a t u n e  work  and specialist
contributions fro m various participating Departments and ss r g am t i / a  t i  s im s.
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UNSTEADY AERODYNAMICS LABORATORY

DYN AMI ( ’ S l A B I L I T Y  I I I -  - t I R ( ’ R \ I m T

I i e se lopi t u ent  of a iorced - ss sei l l a t i s snm rolling a p p a r a t u s .

l)s’sc lopmtsen t o f - a  t ran shs t io nal-u ss e i l l a t i on appara t su s

t e r  tic - al  acceleration e’cpe n inment s.

t iemu suren m en ts  if cross-coupling deriv at ives at  hig h ming les of a t t a ck ,

Development of in > dr , uul ic  drive syst ems  l u s t  hig hs-load o se i l l a tsm r ~ appa ra tuses .

..% T M OSP H ER I C DISTRIBUT I ON OF P O L I . l ’ I  tN IS

I n s t r u m e n t a t i o n  of a sm all msubi le liuhu u s r a to r y  to nme m us u re  airborne par t icuhats ’s and of an aircraft t s s  detect atnmosphe n ic tracers,

Analysis  of the dosvnsv in d vert ical  spread and tu rb u lent  deposition of gaseous and aerosol po l lu tan ts  from sources near the ground ,
with special entp hasis on the effect  sit  d rople t  evap orat ion.

TRA( F VAPO UR DETECTION

Dv’s elop mnen t  of lmig h ly  sensitive gas chromatss g raphic  techniques  for detect ion of trace quant i t ies  of sapours  of pesticides ,
e\p l usives and fluorocarbons.

S e n t s i t i v i t y  evaluation of commercially available explosive detectors.

Development of stopped-flow- and continuous-flow ’ vapour concentrators.

Testing of biosensors,

Development and construction of a portable cxpl s ss ivcs  capo ur  detector.

WORK FOR OUT SIDE ORGANI Z ATIONS

Damping and crsssc- coup ling e\p en im en t s  for N- \ S -\ .

Feasibili ty and design studies for N A SA

-‘s i re rm um b - secu n i t y  feasibi l i t> s tudies and deve l opnment projects  for Tranmsport  Canada.

Feasibility studies  for D S M A . roronto .

I \pe r i tnen ta l  a s s is t munmce to R ( M P .
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WESTERN LABORATORY (VANCOUVER)

I’RACTK’ -’sl  FRICTION tNI )  W F - ’ s R SR 1) 11 - S

Laboratory  s i t m t u l m u t i o n s  of practical tribo log ical sys te tm is  to s t u d y  t n ic t ion , c s e , s r  and lubr ica t ion  beh aviour  of lubr icants  and bearing
m a i c r u m u l s  in respsmnse to specific e~ tc rnal  requests.  I sr exan sp l e , s tudies  of nmethano l  l u l s : u c i t v  and wear  in f u e l  pump  gears w ith
nsethano l mu .i t i n e  sssurking fluid mire imu progress.

I - I  N t ) ’ s M l -  N I tL STUDIES IN TRIBOLO GY

-‘s sp ec imul  r s s l l u m s g  contact . u p p a l m s t u s s  us he u nm g  bui l t  t im - a t  Will mub l s s cs  expe r i u t t en ta b  s tud ie s  of ra i l  and wh eel w e a n ,  and l u b s i v a t u s s i s  to be
ntumide u n  the l a b o r a t u u m y .

I L  t tR I ( .-tNTS

Phvsicmu l tes t ing  for load capae’it ~ . wear nmit i g a i ion , e t c .  of bot i t  mu solid and several ty pes  of l iquid  lubr icants  has been carr ied out  am

F the request of local indus t ry  and u t i h i t >  organizations.

-‘s Ferrograp hu has been obtained and cs inm mm ii ss i oned to provide the capabil i ty ho separ .un e and id e ’nt i f~ wear par t ic les  tom used
oils and other liquid lubricants.

I N STR f  \ l h - IN1 AT I O N

Diei ra l  counters , s t epp in me motor  controllers and a protot > pe ‘tn ibometer ’ h ave been dcsu gmted , bu i l t  and ne s t e d for usc on the new
rail-wheel ssear test ru g now- under  construct ion.  An i n s t r u m e n t a t i o n  cs m ntro l  and c e im n m nmunica t ion  bus  is also under  desc b s pmcnt  for
use w i t h  th i s  test rig as well as for general  laboratory use.

-‘sn ana h ss g iue ’dig ita l divider circuit  is beitm g designed ansi bui l t  to co m unpute  b r i c t i o n  csscf f ie i cn t s  fsn r time ‘pin-on-disc’ ci car tester  in
the  t r i h s s l s s e >  laborator > -

-\ preliminary de su cn s tud > u s being mn sadc lot  mu computer ized  optical  densi ty  nn e asur tn i y  ii s t em for use as a microscope at t a chn s en t
test assessing relative wear  particle concentrat ions in lu b r i can t s .

Vibration spectrum a t n m s l >  cc ’s are cont inuing on the methanol / fue l  pump lubr ic i ty  e \ p e r i t n n e m t i  in sn e t t s u r t  to relate sp ectral  chms n g es
to pu m p Wear .

N U ’S I F R I C t L L Y  ( t ) N I ’R O L L E D  ‘sl - t ( I I I N I N (

Technical assistance on this  subject is be i nm e provided ts u f irnis and other i n s t i t u n i s i n s  in Western Canada w hu u c im are considering tIne
purchase of numerically controlled mna ehities to inmpn o v e t lmeir product ion e f f i c i enc y .  Senninars are h eld to e\ l lain time funda mm nenta ls
of numer ica l  control and p rs sgr a t imming.

Usc u s being m ade of connputer - a csu st c d  programming ,u nd pu mnc h ued-tape p rcpara t i u mn as a mtmeans st reducing matmua l  p r s i g r ann umt min g
t inme for m t e t n t s  requiring a large n u m b e r  si t  geotnetrmc al s ta temnments ,  Se mm ninar s  mire held to d e n n o n v t r a i c  the pr inc ip le s  mind features
of this  m e t h u u d  oh \( part  pr o gramtn l ing .  This tce lmn i que  is being used t u s  assist ness u s e r s  s i t  NC equ ip t tnent  t s s  c v i  t lne ir equipt n emnb
qui k l y  into pn s s h u e u i o n .

‘s p re l iminary  de ’ sms’n and ie mmsmbi h mtv  s tuds  has been c otmup le ted of an NC mn macbnine  to cut time wsiodett plugs fs i r  the j mn a t nu fac tu t e  of
moulds Ion fibrcg lm , s s boats imp to ~ fl f t .  lsnn g . -‘si so t ine ’  desi gn s i t  a low cost N( nnachine for t ine wood cabinet i snj bi ng indust ry
is being examined.

APPROPRI  ‘sTE T l ( I I N i ) I  I i ( . V

The ’ l a h m u n a t o n ~ has recent ly  been moni tor ing  time ’  progress 01 t i mis  new technological tnno v e ’n i ent  towards  smaller scale, cnv i r s n n t tnennab l>
— and soc uall > appropriate  decentralized indu st r i a l  deve l o pnmen it .  TIne laboratory is now- under t a k ing  one on two stmma ll  projects i t n  blue

development iii appropr ia te  hu t  econonnie small scale products on p~sicesses. l-nqu i i r s  re garding these devc lopmc m nts and propo sals
for co-operative pr u u t ec t s  are welcome ’s.

LOW l I M l ’ I -  R -\ TL RI  r I - S I  I ‘s ( ’ILI TY

The re f r u g e r . u t u s s n  p lan t  oh the test fa cil i t > has been replaced to increase its  low tennpera tu r e  c a l i a e u t i  to - 4 S (‘.
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PU BLICA T IO NS

LABORATORY TECHNICAL REP ORTS

National Aeronautical Establishment

LTR -H ..’s.34 (‘han , Y Y

A t t a l v  sic of the Boundary Layer Development on the  Side Walls of the NAE 2-D Test Facility.
November 1978.

LTR -L A-23 0 Wickens , R h .

-‘s St r eammu h ub e (‘oncept of Li f t :  w ith Reference t ss the M . u c i m u m  Size and Confi guration of Aerial Spray Emissions.
February 1979.

LTR -ST- l042 t l e s s j t t , R I .

Design and Init ial  Development of a Pilot Scale Isothermal l o rgung  Facility.
December 1978.

LTR-UA -4 6 Crabbe , R S .

-‘sn Explora tory  Field Study of Airborne Vapour and Aerosol Drift from Forest Spraying Operations in
Nesv Brunswick
January 1979.

Division of Mechanical Engineering

LTR-AN -33 Goodanetz , J ,O . , Gagne , R E., Mu ft i , l,H .

Comparisons between the ASAD Digital Model and the NRC ’ l ) M l -  l l yb n id  Model of the SRMS Arm.
January t979.

LTR-AN-34 Gagne, RE., Gagne, R.M .

An Interpretation Aid foe Shallow Refraction Seismic Data Using the Cotnmodore PI T.
February 1979.

E I R - A N - 35 MacIsaac , B .D.

IR B U G - An On-Line Interactiv e Package for Setup and Checkout of Analog Computer Circuits in a Hybrid
Envi ronment .
February 1979.

LTR-CS-l96 Hayes , W.F., Tucker , f I G .

Design Proposal of a Guideway Mechanical Lateral Restraint Means for a Hig h Speed l.lectrodynamic Mag lev
Transportation System.
Februar >  1979.

LTR-ENG -88 I siss e , 1 kG .

Thrust Bearings for the Curved Ttack S smu l , u ne ur
January  1979.

LT R . F N (. - t4 9 l-owler. H.S. , Smith , k R .

An Over Wale r Heave I xpenimenl wh Im Research Ai r  (‘ushion Vehicle lO X- S.
\1,i rch 1979.
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l . -’sBoR A roRY TECHNICAl. Rh POR IS  (Cont ’d)

Division of Mechanical Engineering (Con t ’d)

I.’l ’k - lly -7l I’unke , E R., Ploeg, J ., Crook sluank , N. E .

\I. )d s ’l ling R e q u i r e m m u e n t s  and 1’echniqu e ’s f o r  Tidal Psssser l) ev e lopnuents  in the Bay of I u n d y .
\l ,irch 197 9 .

1.1 k-I N -4 ) t ) Watson , W.J - ‘  i ) u k k m l i a t i , R. ’s’ .

l lu m p  Tests on Pro t otyp e  Shelters.
January 1979 .

L ,s-(T-96 Luzos~ sk i ,  h .P. , Sta l l abrass , J R . , Hear ty ,  P .F.

‘[he Ic ing 5 f  an Unhea ted  N s tm -R o ta t ing  Cy l inde r  in l iquid  Water  Droplet — lee Crys ta l  Clouds
I- cbruar y 1979.

I [R-SI I -2 4  I ‘ s i c  hsaili dis . Si .

Drag and Sidef sut ces of Sv im t ie ’ St eelnssse F au r ing s .
Decem mmb ui r 1978.

LTR -SII-2 4 2 Micha ilidis . M.

Comparative Cable F-airing Tests Leading t o - a  Modif icatior o f - a  Basic Flexnose Faiing.
January  1979.

MISCELLANEOUS PAPERS

Chami , A . W ., Gnaefe , P Vu U An Interact i ve Sequencing Aid for  Printing Presses. Second N ,stiona l Conference on Computers and
Industr ia l  Engineering, Chicag o, I l l inois ,  March 14- 16 , 1979.

Fowler , If S. The Calibration o f - a  Blower for the AC’s’ Heave Test Rig ( ‘Bouncer ’). N at ional  Research Council Canada Lab. ~f emo

! NG-100 , February 1979 -

Kekez , M M . ,  ‘stakom aski , A l l .  Beam Re-entry into a La ser -( ’reated Plasma. J . Phys. D: App I. Phy s. , ‘s’oI . 12 , 1979.

k ere h iuk  S., Sinclair , M. E v a l u a t i o n  of I l k  l l and h ing  Qualities of Helicop ters Using the N A I  Airborne V/STOL Simulator.
Presented at Atlant ic  Aeronautical  Conference , sponsored b> A I A A . RAeS , CASI and AAAF . held at Williamsburg, Virg in ia ,

March 26-28 , 1979. AIAA Paper N s s  79-07(12.

Leach , Barnie. W . Aeromagnetic Csmnnpcn s at ion as a Linea r  Regression Problem , Presented at Second Annual  Workshop on
Informat ion Linkage ’  between -‘s pplied \ l . i t lue mat ics  and Indus t ry ,  sponsored by Society for Industr ia l  and Applied Mathematics:

held at N ,sva l postgraduate School , ‘ s I sm n s er ey . California , 1-e b. 20-24 . 1979. Published in Proceedings.

Timeo , G. W ., Schloessin , H .H. v* The Pressure-Temperature Stability Field of Bar ium Titarsate under Constraint. Published in:

Hig h Pressure Science and Technology, Vol . 2. ed K. l). Timnserhaus and \l ,S. Barber , Plenum Press , 1979 , pp. 127- 134 .

Wiegent. -‘s W .  HYREPT Reference Manual .  National Research Council Canada Lab. Memo HY- l 00 , February 1979.

UNPUBLISHED PAPERS

Crabbe , k S .  A Gradient-Transfer Model for the Long Range Drif t  and Deposition of an Aerosol Cloud — Results for the New
Brunswick Scenario. Presented at the Conference on Long-Distance Drift , Fredenicton , N. h ., 12-14 February 1979.

Crabbe, R.S. Long-Distance Drift at Atmospheric Pollutants. Presented in the seminar programme , Dept. of Chennical
Engineering, U. N B., 14 February 1979.

F l I s t r o m , G . M .  Indirect  Measurement of Turbulent Skin Frict ion.  Paper presented at Hydrodynamics Colloquium , l) avid Taylor
Naval Ship R & D Centre , Bethesda , Md ., February 2 . 1979.

Elias , L. Validation Tests oh the Trace Vapour Source Used by General Behaviour Sy s tems Inc. ,  January 1979,

(;upta. R.P. Vacuum Thermalization oh Hig h In tens i ty  Laser Beams and Non-Linear QED. Talk presented at the International
Conference ’ on Energy Storage . Compression and Switching in Venice , I t a l y .  December 5-8, 1978.

~ V .R O. on study leave from Universi ty of Alberta , Dept. of ( eogrc phy.

~~ University of Western Ontario. 
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UN I’ l l . ,  I S I l i -  i PAPERS (Coned)

I r w i n , h I P A  ii  V, m mmd I t e e n s  on I ru g u i e e r m n s . ’ Structures — Recent lnve~nigations at N i l  Seu n minm u r at M e C i h l  k mvm sin>  , Depns
smh ( m c i i  I n u e u n u s ’er uum g j u s e l  ‘ s l e c b s m u s l u v . s l I r e i n e e r u n m u ’ , J a n s u m u r y  31 , 1979.

Misc - I Phi ’ s sic -al \I. ’ds hs in tine Connpuier I nm Ls’c n v u u c  at  L mtus ’~r n s i t ’ s  suf ( ) t tm j sc .u , 7 1 e (s ruu . s t~ 1979.

Tanner , i ’ s  t tmd e ’r s t , u  ‘ ( ‘ 1 ’ Canadian re ’c iuns s l og > and Inst ustr ia l izat ion for the ‘80’s, Lecture gice t t  at l e a c h u u u u g  ( anr ,usj ,s for the- ‘
~~~i(

’ s (  s n u n t e n e n r e c , I i r s r . , t u ,  I n s t i t u t e  t i u r  S n u s b i e s  in I d s u e . u t i , ’ r s . ‘ s t i t c h  2 , 1979.

- ‘s~ m~ ket s. R I l .  P r e sen ta t ion  ts s ( e u m m t e r e u u c e  sin L sn ug Distance Drj t t  s i  ln secIicjde~ fro m mu Ac : im u l S p r a y s  in I s s te st  On erations.
-
~ I n u t v c t s I n ~ ot Nes ~ Bruns isick . I red s ’ r i v t c s n u . N B. , I e ( i t 1 u s r ~ t~) 7 Y

Sr

L



• A

I

--

- -  -e4 4

-1

II

~ ‘4 ~

N “- ‘— 
—

‘q



.
~~~~~~~~~~~~~~~~

‘49
~:-: ~~~

-
- ____

_

— ---,“~~ . 

— -1-
~~~~~~~~~~ _ —

IT

- “.. I’. ’ 

k—

—

~~~~~~~~~~~~~~~~~~~~~~~~~~~


