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FOREWORD

-
, 

Th~~Quarterly Bulletin is desigued prima~~y 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
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’information de l’indus-
tr ie Canadienn e , des universités , des agences et des départements gouvernementaux.
II fournit une revue régulière des inté rêts et des activités actuelles auxquels se consacrent
deux Divisions du Conseil nation al de recherches Canada:

- 
Division de genie mécan ique

Etablissement aéronautique national

Quelques uns des travaux des deux Divisions comprennent des projets classi-
fiCs qu ’on ne peut pas rapporter librement et des projets contractuels d’un intérêt général
limité . D’autres travaux , non rapportés ci-aprés dans l’ensemble , incluent des étalonnages,
des ana lyses de routi ne , et l’essai de produ its de spécialité.

Veui llez adresser tout commenta ire et toute question ayan t rapport a un sujet
quelcon que publié dans ce Bu lletin a: DME/NA E Bulletin, Conseil national de recherches
Canada . Ottawa , Ontario , K I A  0R6 , en faisant mention du numéro du Bulletin.

——
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HYBRID COMPUTER MODELS AS AN AID IN DESIGN OF GAS TURBINE
CONTROL SYSTEMS FOR HEL ICOPTERS t

B.D. MacisaacR. Langton *, R.M. Evan s** Anal ysis LaboratoryAviation Electr ic Ltd. . ..Division of Mechanical Engineering

ABSTRACT

A detailed model of a twin engine gas turbine helicopter propulsion system has been
assembled . The primary purpose of the model was to provide a design tool for aid in evaluation of
controls for helicopter propulsion systems. Emphasis, therefore , was placed on accurate representation
of the power train with only enough detail of the helicopter to provide an adequate environment for
the engines.

Design of the model is based on a thermodynamic description of the physical modules of
the system. Extensive use was made of experimentally derived data to describe the major non-linear
components such as compressors, turbines, and the helicopter rotor. Considerable emphasis was placed
on modularity of model design because it was anticipated that several different engine configurations
would be required during the course of the project. Implementation of the model was completed on a
hybrid computer. Initial emphasis in this effort was on model accuracy with no particular regard to
solution time, however , the model was designed so that separate frequency “bands” of information
could be handled under interrupt control once the model was validated .

In order to ensure accuracy and to build up creditability, it was decided to implement a
model of an existing control system prior to evaluation of control systems design. A standard hydro-
mechanical control system was modeled in complete detail and validation both statically and dynamic-
ally indicated excellent agreement between the model and the actual hardware. This was true of both
the engine and the control system.

Currently the model is operated in real time in an interrupt environment. A considerable
amount of experience has been amassed in evaluating control concepts using the hybrid computer
model and one configuration of control system has been committed to hardware. The flexibility and
cost effectiveness of the modeling approach to control design has resulted in computer models be-
coming an essential design tool for Aviation Electric Ltd.

INTRODUCTION

Technological advances in the field of gas turbine propulsion has permitted wider and wider
ranges of operation of all aircraft . The ruggedness and reliability of the gas turbine power plant has
resulted in its application to many and diverse duty cycles. Today aircraft are flying higher and faster
and it is no longer acceptable for helicopters to be simply operational lift units. Stable platforms are
essential for applications such as search and rescue and make new demands on propulsion system con-
trol to achieve it. In order to keep pace with the technological development in the engine itself ,
continued development of controls technology is required. In response to this market need, Aviation
Electric Ltd . has embarked on a program of advanced controls technology development. The primary
goal of this program is to develop the technology necessary to respond successfully to the control
systems requirements in the decade beginning 1980.

t This paper was presented at the Summer Computer Simulation Conference . Chicago . July 197 7.
* System Analyst — Aviation Electr ic Ltd.

Advanced Concepts Group — Aviation Electric Ltd.
Av iation Electr ic Ltd. isa Subsid iary of the Bendix Corp .

~
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Part of the controls technology development program involves the development of analyt-
ical tools necessary for the design process. Several factors lead one to the decision that computer
models are an essential element of the design process. The helicopter with its very close couplings
between the airframe and the propulsion system is technically one of the most difficult and complex
propulsion controls problems in the aeronautical field. Furthermore , airframe manufacturers sub-
contract to propulsion manufacturers who would in turn subcontract to control system specialists.
This chain of responsibility in the design puts the control designer in a position where he is required to
provide a control system for hardware which is not finalized until very late in the development
process.

Computer simulation technology does much to allieviate the logistic problems brought
about by this situation. Providing the control designer with a flex ible and accurate model of the
complete system and its environment allows him to predict control system performance before the
results of hardware tests are available.

In 1974, a joint collaborative program between the National Research Council Canada and
Aviation Electric Limited was undertaken: its primary aim being to develop detailed computer models
of helicopter propulsion systems that could provide inform ation leading to control design . The pur-
pose of this paper is to describe the progress on this program to date.

SYSTEM DEFINITION

Fixed wing aircraft rely on the lift forces generated on the aerodynamic surfaces of the
wings and tailpiane to maintain stable flight. To achieve this condition , the aircraft requires enough
forward speed to keep the lift forces and gravitational forces in balance.

The main task of the propulsion system in this application is to provide sufficient thrust
to overcome drag forces so that the required forw ard speed through the air is obtained.

Manoeuvering of a fixed wing aircraft can be readily achieved without involving changes
in engine power; modulation of elevator , aileron and rudder control surfaces cause changes in aircraft
attitude thus modifying the aerodynamic forces acting on them.

The helicopter , on the other hand, relies continuously on the propulsion system for its
lift , forward speed and man oeuvering requirements.

A schematic picture of the helicopter is shown in Figure 1. A lifting rotor may be thought
of as a disc with a thrust vector perpendicular to it; lift and forward speed being achieved by tilting
the thrust vector at some angle relative to the vertical as indicated in the figure . Yaw control and

rotational stability are achieved by controlling
the thrust generated by the tail rotor wnich

~: :to~. 
plane perpendicular to that of the

I 
TA t I it is clear that any changes in the

r ROTOF orientation or magnitude of the thrust vectors
ENGINES GEARBOX ~~~~~

. / of these rotors makes direct and immediate
demands on the engine for more or less power.
Engine response is therefore a particularly im-
portan t factor in the helicopter application and
this is complicated further by the installation.

\\ ~~~ Shafting to the high inertia rotors is typically
long and compliant and can result in the pres-

~~~~~~~~~~~ ence of torsional resonant frequencies within
____________________________________ the required power response bandwidth of the

propulsion system. This aspect of engine power
FIG. 1: HELICOPTER DRIVE SYSTEM control is particularly troublesome in the area 

~- -.. — . - . -~~~~~ - -rn - - -
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of rotor speed governing where the operational need for tight control of rotor speed during manoeu-
vres implies a requirement for a high governor loop gain which cannot be easily achieved without
inviting governor instability at torsional mode frequencies. This particular control problem is dealt
with in detail in Reference 1.

A breakdown of the system into its
major components is shown in Figure 2. In this

_______ ________ I figure it can be seen that the primary input from
FUEL GAS POWER the pilot is through a lever designated collec-

LCON TROL GENERATOR TURBINE tive pitch. This input determines the magnitude
I ________ _______ 

of the thrust vector required and , to a large
— COLLECTIVE PITCH REDUCTION 1~J ROTORS extent , the power required from the engine . To

______ L~~ARBOX I anticipate power changes resulting from varia-
_______ I _______ 

tion of rotor thrust, collective pitch information
I FUEL Li GAS I I POWER is usually transmitted to the engine control

CONTROL [1GENERATOR [1 TURBINE system. Control system demands, in turn , affect
the gas generator units which supply hot gas
energy to separate power turbines. The power
turbines are connected via a reduction gearbox

FIG. 2: PROPULSION SYSTEM GENERAL and transmission shafts to the main and tail
LAY OUT rotors.

The propulsion system configuration shown on Figure 2 is a twin engine system which is
becoming increasingly popular throughout the world. The primary motivation for the twin engine
helicopter is to provide improved operational safety plus the capability of continued operation fol-
lowing a single engine failure. The twin engine installation complicates life yet again for the control
system designer. The high installed power can be as much as 50% in excess of the transmission oper~
ating limit so that sophisticated power management systems are often required to provide such func-
tions as overload protection , power balancing between engines and automatic compensation following
single engine failu re.

THE SYSTEMS MODEL

The primary purpose of the model described in this study is control system design. It is
therefore necessary to provide an adequate and accurate environment for evaluation of control
concepts.

As the gas turbine itself is a complex , non-linear piece of hardware, it is necessary to include
considerable detail in the engine model to ensure representative power response over the complete
load range and fligh t envelope.

The gearbox and transmission system, although relatively linear in its functional description,
must be modeled in sufficient detail to allow torsional mode stability effects on the fuel control sys-
tem to be evaluated representatively.

Airframe aerodynamics, while they affect power requirements and , to some extent , system
response, have a significantly smaller influence on the propulsion system than direct pilot demands
to the engine and rotor systems.

It was considered adequate, for the purpose of providing a realistic design tool for helicop-
ter propulsion system definition , to limit the model detail to machinery operation within a fix ed
air frame and atmospheric environment.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -
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A breakdown of the helicopter system ____

into its major modules including the rotor and <~~~~~~~~~~~~~~~~~~~~~~ —~ ~~~~~~~
the gearbox and shafting is shown in Figure 3. —~~ ----~

Torque from each power tur bines drives a shaft
whose torque is, in turn , transmitted through a
gearbox to another shaft which ultimately p . — 

I

drives the main and tail rotors. Both the flexi-
biity and the inertial effect of the shaft ing are 

~~~~~~ H
included in the model.

The turbo machinery which comprise .

the gas turbine power system is shown in tim- 
~~~~

plified form in Figure 4. Basically, the gas- ~~
“ L__~~~~~. J

turbine consists of a compressor driven by a
turbine mounted on a common shaft. Air is _____________________________________

compressed by the compressor which delive rs FIG. 3: HELICOPTER LOAD
it to the combustion chamber. In the combus- SYSTEM DEFINITION
tion chamber , the air is heated by burning fuel
and is passed on to the turbine. The turbine develops only enough power necessary to drive the
compressor; the excess power , in the form of hot gas is passed on to the power turbine which converts
it to shaft power to drive the load . The description of the major components of a gas turbine take the
form of aerother modynamic maps which are highly non-linear and rely heavily on experimental data
for their definition.

One such data map, which defined the flow characteristics of the gas generator compressor
is shown in Figure 5.

~~~~~~~~~~~~~~~~~~~~~ SSO P fl4R~~NE 

2 O~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CXMNR CT EO MASS FtOW

FIG. 4: GAS TURBINE POWER
SYSTEM DEFINITION 

FIG. 5: TYPICAL COMPRESSOR
— FLOW MAP

1 / . The performance of each major corn-
‘ . .~j  r~ ponent may be described in the form ofa func-

,
~ 

,ç \ tional module containing the necessary data
\ \ / 

~\ 
maps and physical equations as indicated in the

- - 
.

~~~~~ \ 
I —. following example which defined the compres-

sor performance.

— ~. where PR = compressor pressure ratio
N compre ssor non.dim ensional speed

1, ~1’3 inlet ~nd exit air tempera tures

COMPRESSOR MODULE ~ .

— —~~~---——- j - -- - - --4
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In order to establish the validity of the complete model through comparison with actual
hardware, it was decided to implement a model of a control system currently in operation. The
particular control system modeled is shown in simplified form in Figure 6. For this type of control it
is useful to distinguish between the fuel-metering and computing sections of the control. The fuel
metering section simply supplies fuel to the engine according to the position of a fuel metering valve
determined by the computing section of the control. Proportionality is ac hieved by maintaining a
constant pressure drop across the metering valve; excess fuel being returned to the pump inlet.

_________________ -— The computing system in this partic-
ular example controls the gas generator power
output via a simple speed governor. Safe,
smooth control of the engine during power

r-~~ fl~ r i. . . ..~~
. -. ,~~~~~ ~ changes is achieved by a pneum atic acceleration

J ~~~~~~~~~ .. . 5JY.) ~ ~~ control driven by compressor delivery pressure
11 -~~~~~ . .:: om gin .

(‘=1 ~~~~~~ ~A A
.
.

• 

. 

~~~~~~~~~~~~ 
This technique of using actual engine

I I . . .
~~ ~~~~ 

. parameters to limit the permissible amoun t of
ii 4~

j I ~~~~~~~~~~~~~~ overfuelling is both simple and effective with
• L~ __.~~~~~i~~~ ___) altitude compensation of engine performance

A - 
~~~~~~~~~~~~~ .‘.~ - . - being inherent in the method of control.

•_~~ ._~ft.I . Once the basic building blocks of the
- r c_ .~_— . system were established , it was necessary to
- L’— -

~-~ 
~ analyze each individual module and to gather

• :1 the data required to assemble a model. This

~~  
~
. exercise represented a significant proportion of

-~ . . 
, ~~~~~~~~

— model development time and it was during this
analysis phase that most of the decisions iegard-
ing degree of complexity were made. In areas

:i~T Ira where it was not clear what level of detail would
• - be required , off-li ne studies were conducted in

order to determine the effect of certain phe-
nomena on the operation of that particular

FIG. 6: CON T R OL SYSTEM DEFINITION module. In particular, the fuel metering section,
which is a fluid circuit of extremely fast re-

sponse, was modeled independently and in great detail. (Ref. 2). Results of this study provided a great
deal of insight into the frequency content and the level of detail required for this and subsequent
m odels of a similar type.

As the systems model evolved and the data for each module was gathered , a complete
document specifying the equations and the data for the model was produced (Ref . 3). To date, very
few changes have had to be made in this systems model insofar as changes in complexity are included.
it is important to emphasize that a document was produced at the outset which contained all of the
information required to implement the model independently of choice of computer and prior to
specification of code.

A 

CHOICE OF COMPUTER

As mentioned previously, several off-line , independent studies were conducted during the
course of the analysis to establish the techniques that would be required to implement the model.
A model of the fuel-metering system was assembled on an analog computer and also on a digital
computer using CSMP (Ref. 2). This study clearly indicated that in order to successfully represent
such a system on the digi tal computer , a timestep of not more than iCY4 seconds would be required.

- •
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Knowing that some of the shaft dynamics of the system had time constants in the order of seconds
giv ’s some conception of the spread in frequency content of the system. It became fairly obvious that
the cost of using a digital computer for such a complex model would be prohibitive. At the same
ti me , the analog computer study of the fuel metering system indicated that real time operation of a
hybrid computer model would be achievable provided one did not involve a digital computer in serv-
icing circuits which had frequency content of the same order as the fluid circuits. Since evaluation of
control hardware was one of the objectives of the program and the system to be modeled was ex-
tremely non-linear and complex , the hybrid computer was the obvious choice.

COMPUTER MODEL SPECIFICATION

Adhering to the procedures set down in Reference 3, a complete specification for the com-
puter model was defined (Ref. 4). This document became the blueprint for the implementation of
the model. I t included program hierarchy, d. r a structure , verification tests and a variety of debug
features to facilitate the debug process.

The hybrid computer facility at the National Research Council consists of an EM PACER
digi tal computer and two fully expanded EAI 680 analog computers.

The model was organized such that the right- .und engine, fuel control and load control
were residen t on the master console , Console ~ 1, of the analog ~‘ction as shown in Figure 7.

DI G ITAL SECTION ANALO G SECTIO N

Al PA 100 EP.I 680E CER MASTER CO NSOLE ~1

DA
___________ IN T L GR A TI O N OF R I G HT HAND

E N G I N E  AND FUEL CONTROL
GET UPDATED VARIABLES — DERIVATIVES.
FROM ANALOG THROUGH AD

AD RIGHT HAND FUEL M E T E R I N G
SYSTEM

CAL CULATE NEW ________________________________

DERIVATIVES AND NON-

LINEAR VARIABLES TRUNKS
RESIDE NT IN D I G I T A L

EAI 680
SLAVE CONSOLE A 2

OUTPUT VARIAbLES TO
INTEGRATIO N OF LEFT HAND EAI TRIOANALOG THROUG H DA ’s ____________

E N G I N E  AND FUEL CONTROL
DERIVATIVES TRUNKS HELICOPTER

RETURN I TRANSMISSION

AD LEFT HAND FUEL METERING GEAR BOX AND
SYSTEMS • ROTOR SYSTEM

FIG. 7: EQUIPMENT ASSIGNMENT FOR COMPUTER MODEL

Console #2 was used to model the equivalent left-hand components and a free flow of data
between the two consoles is achieved through internal trunks. Due to the limited capacity of the
computer facility, the transmission , gearbox and rotor inertias were modeled on an external desktop
analog computer which was connected via trunks to Console #2. 
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The hierarchical structure of the digi tal program is shown in Figure 8. This diagram applies
only to the digital portion of the model; however , it is the design of this portion of the model which
involves the most effort and usually it is the most difficult to control and debug. The figure indicates
four distinct operations at the second level which include problem setup, debug operations, parameter
manipulation and finally the high speed loop which is that portion of the code which services the
analog circuits. It is recognition of these four distinct operations that has resulted in partition of the
digi tal code in this way . This particular hierarchical structure has evolved over the life of several
projects within the Analysis Laboratory of NRC and was further refined in the process of implement-
ing the helicopter propulsion system model.

DIRECTOR MAIN
LEVEL 

- -
_  _  _  _

D I G ITA L ON L I N E  1
LEVEL 

SETUP (high speed) OFF-LINE J DE—BUG

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ + ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DATA PA RAM ANALOG ANAL~~1 PERFORMANCE PARAMETE R TEST

(WrING 
READ CALC. INPUT OUTPUT 

I 
PARAM CALC . MANIPULATE INPUT

LEVEL 
MISSION [ANALOG1 PROBLEM DATA IC TEST I
SPEC I SETUP I MODULES PRINT CHANGE OUTPUT]

SYSTEM LIBRARY4ASS DATA I NCLUDINGLEVEL TABLE LOO KU P ROUTI NES

FIG. 8: DIGITAL COMPUTER PROGRAM HIERARCHY

While the hierarchical diagram indicates the levels of responsibility of the various groups of
code in the digital computer , they tell nothing about the organization and structure of the data that
this code must manipulate. The data structure used in this model is shown in Figure 9. Recognition of
the fact that the only mechanism available for checking a digital program is testing it via some given
set of inputs and observing the results of the calculations through some output medium has generated
the requirement that all data be accessible to the operator.

The decision was made therefore to arrange for all of the info rmation handled by the
program to be treated as a global variable stored in a data base accessible by any routine. It has
resulted in the development of a system of debug routines which allow inspection and manipulation
of this data as required by the operator (Ref. 6). The fundamental principle behind this interactive
package is the recognition that say form of debug statements used in a program must themselves be
debugged creating additional time and effort required by the operator. Furthermore, removal of these
verification tests changes the basic program with the result that it is no longer the same program that
was validated. It was required , then , to develop a procedure for checking code in the environment in
which it will ultimately operate. It is for this reason that this interactive debugging package was
developed. 

~~—~~~-—-- ,-., —~~--,~~.-- . • • -~~~~~~~~~~~~~ .~~~~~~~~~~~ •~~~~~~~~~~ • -
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S1ATIC DATA BASE DYNAMIC DATA BASE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
\ SOURCE\ I ~~~~~~~~~~~~~~~ 

IC’s i IC’ s
(disc
cards )

DESIGN SET UP
ICs ANALOG

ANALOG

PROBLEM CALCULATE 
MODE

CONSTANTS SCALED
PARAMETERS

READ SCALE PRINT OF MODEL OUTPUT
DATA FACTORS ~~A~~~N AT 

PRINTER

OMPONENT S
DATA ON DISC COMPUTE C LED

(separate block COMPONENT
for eac h OPERATION
module)

EXAMINE & PROBLEM

MI ON DISPLAY VAR IABLES

DATA VARIABLES

TELETYPE OUTPUT D-A
DATA TO CONVERIERS

MODEL ANALOG
FLAGS

GET
ANALOG A-D

I N PUT CONVERTERS

FIG. 9: MODEL DATA STRUCTURE

MODEL VALIDATION

Once verification of the model was complete; i.e.: confidence was established that the code
had been implemented correctly and was in fact a true representation of the equations, it was neces-
sary to validate the model against real hardware performance. From the outset of the project , model
validation was regarded as an extremely importan t aspect of the development process. It was for this
reason that the decision was made to model existing hardware prior to beginning any control design
activity. Previous experience in modeling turbo-machinery systems (Refs . 7 and 8) has indicated that
if the aerothermodynamic data defining the major components of the gas turbine were accurately
defined , models of acceptable accuracy could be easily developed. Figure 10 shows the comparison
between compressor delivery pressure and engine fuel flow as a function of rotor speed; both of these
traces indicating excellent agreement with the experimental data provided by the manufacturer of
the engine.

Having validated the basic engine model it was necessary to compare the performance of
models of the fuel control with hardware. Comparison of performance of the fuel metering section
with experiments is shown in Figure 11. While the comparison indicates that there is some discrepancy
between the performance of the model and that of the hardware , the comparison is well within the
spread in the experimental data from unit to unit.

The computing section of the fuel control was set up using actual production acceptance
test procedures; adjustments to values corresponding to spring settings and pneumatic bleed areas
being made as though the model were an actual fuel control. It was found that the steady-state per-
formance of the acceleration and governor sections could be set to nominal values without difficulty.
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Once steady-state validation of the
.~wf  / +,, model was complete , it was felt necessary to

“—
~~~~~ check the dynamic performance of the model

_____ ______ ______ ______ 
against whatever data from hardware tests were
available. Figure 12 shows the comparison be-
tween the model performance and some of the

_____ 

partial derivatives of the engine performance
.0050 — normally provided by the manufacturer. These

/
‘ curves are considered standard design curves

7 + made available to controls manufacturers from
.0025 

+ / engine manufacturers. They have for years been
the basis of gas turbine control design and it can
be seen that the model provided estimates of

c i-.. these partial derivatives which were quite ac-
curate and completely adequate for control
design purposes.

fl . _____ - . 

Fuel control dynamics were evaluated
by comparing step responses with those ob-

_____ — _____- tam ed from actual hardware dynamic tests.
Figure 13 shows the correlation between model
and hardware for step changes in compressor

_____ _____ _____ 
discharge pressure. The characteristic shape of

60 70 80 90 ioo the response curve in which fuel flow moves
GAS GENERATOR SPEED (5) initially in the wrong direction is a well-known

feature of the hardware and is seen to be re-
produced closely by the model. The discrepan-

FIG. 12: DYNAMIC VALIDATION cies observed between theory and pract ice were
OF ENGINE considered acceptable. Fine tuning of such
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things as friction values, capacitances and

— . . ~.., • effective fu el bulk modulus could be used to
improve the fit; however , this was not con-
sidered necessary for the present.

., ‘ .. I.

At this point it was felt that the
/ model had demonstrated its ability to operate

c~ ~~~~~~~~~~~~~~~~~~~~~~~~~ as an adequate test-bed for control philosophy
evaluation which was the main objective behind
the simulation program .

THE “REAL TIME” PROBLEM
~~~~~ “S

One of the purposes of the model was
FIG. 13: DYNAMIC VALIDATION OF to consider the eval ua tion of  control hardware

CONTROL SYSTEM later on in the development. While one realizes
that this is essentially restricted to electronic
control hardware, it still remained necessary to

operate the model in real time. It was decided early in the implementation phase to run the model at
100 times slower than real-time in order to insure accuracy and validity of the model itself. Once
these were established , one could separately turn attention to the realization of real time operation.
The basic problem of achieving real-time operation in any hybrid compu ter model is to shor ten the
length of time required for the digital computer to perfo rm its task and thereby update the D-A con-
verters which service analog circuits more frequently.

Basical ly, there are two ways of achieving a more frequent update of D-A converters ; to
shorten the program execution time through improved programming and to arrange to do certain
portions of the calculations more often than others through the use of interrupts. Results of experi-
ments with the model indicated that there were three distinct frequency bands that needed to be
serviced by the digi tal computer. Since little or no experience was available in an interrupt environ-
ment it was decided to first refine the programming of the model itself. To this end , the highest
frequency and the intermediate frequency bands were re-coded in assembly language making use of
as efficient calculation schemes as could be devised . Having reduced the execution time of each of
these blocks of code to its minimum , it was apparent that the model was still a long way from real-
time operation. It was decided that an interrupt environment was necessary in order to solve the
problem of achieving real-time operation for hardware evaluation.

I ni t ially, only the highest frequency portion of the model was serviced by interrupt driven
code. This served to provide experience with interrupts and also reduced solution times from 100 to
10 times slower than real time. It was found that this speed of solution was convenient for evaluation
of  cont rol concepts , both in terms of interacting with the model and in producing and documenting
the results of simulation runs. Real-time operation , wh ich was achieved wi th both the highes t and
intermediate frequency modules serviced by interrupt driven code tends to be so fast that the analyst
is kep t busy simply  “running the model and has little time to truly interact with it. While real-time
is necessary for hardware evaluation , it is anticipated that most of the engineering studies will be
conducted at solution speeds that are 10 times slower than real-time.

MODEL USE IN THE DESIGN PROCESS

Once a general purpose tool such as the model described in this paper is developed, many
uses of that model are possible. The first and most obvious use to make of the model was to demon.
strate operational characteristics that were known to exist in the existing hardware and to use the
model to generate techniques for improving system perfo rmance. Figure 14 shows strip-chart records
of a typical large power excursion whil e under the control of the power turbine speed governor. 
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___________________________________ 
Although not indicated in the figure,

— I Se~ond it is significant to note that the response fre-
POWER 

quencies and damping exhibited by the model
TURBINE j •

~~~ T 
‘Nj ...~~~~~~~~ —--~-—-~------ in this mode of operation are almost identical to

IIJRDUE recently obtained engine test bed records.

~ 
“ : . ‘ Having achieved a high degree ofPOW ER : : : : : credibility ,  both in reproducing the perform-

T uRBINE -‘

~PEEO I 
~~~

--~-- . 
~
‘
~~~~~~

- —— ance of actual hardware, and in the solution of— 1’—_.’-—— .~.
_

actual operational problems the model was used
as an evaluation of a variety of control concepts.
The first level of evaluation was in the design
of a limited authority power management sys-

OEN E RAT OR . . 
~~~~~ 

tem to be compatible as an add-on device for
PEED 

~~~~~~~~~~ the existing hardware. This was felt by Aviation
Electric Limited to be an intermediate step 

_____ - ----— .— - — towards the eventual evolution of new control
concepts.

1:1 

~1/ 
_ _ _I •~~~~~

, 
~~~.j. 

In addition to the limited authority 
IUIW system , mentioned above, a digitally based full

authority control system has been specified by
— — L ... . . .. -- engineers at Aviation Electric Ltd. and the 

: ._.. ..
‘ : ‘ ‘ ‘

,_ hardware has subsequently been built in bread-______ —- —- — — .  -— -. 

board form .

FIG. 14: LARGE SCALE POWER It is intended , in the very near future ,TRANSIENT UNDER CONSTANT to interface this new digital controller with the
ROTOR SPEED CONTROL engine model prior to committing the final

design to a hardware form suitable for engine
demonstration running.PROJECT CONTROL

It is interesting to review tht ’ organiza-
tional structure of the team involved in this
project. This is particularl y tru e in view of the
fact that it involved two organizations with ~976

widely divergent goals. On the one hand , the
National Research Council is interested in the
technology of model development and in the
use of computers in engineering. On the other
hand , Aviation Electric Ltd . is a profit-
motivated company whose primary aim is the
development of safeable hardware. As a corpo-
rate body it is not in a Company ’s best interest A F I

to relinquish control of a project of this mag- N R C  r~~~f l
19Th 

___________nitude to persons or organizations outside their
own . Yet the cost of development of the model ,
and in particular the amount of development of 

_______

~L.
modeling technique that was required together
with the availability of equipment would have 

_______
made this model extremely expensive to develop 

________

in house.

Figure 15 shows an approximate es- 1915 1976
timate of the project cost sharing in terms of
man -hours of effort . It seems fair to say that in FIG. 15: PROJECT COST SHARING

_ _ _ _  - 
. ‘ , ‘ - .~~~--‘- .
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the initial year of the project, NRC carried the bulk of the effort and the responsibility for pursuit
of the model development. It is also fair to say that it was in this year that many of the modeling
techniques and many of the problems that were eventually solved, were encountered. This reflects
an appropriate role for a research establishment to assume in view of the fact that the ultimate user of
the model is a private company. As is indicated in Figure 15, the level of effort by Aviation Electric
was considerably higher in the second year. During this year, the model validation was completed and
use of the model as a design tool began.

CONCLUSIONS

A detailed model of a gas turbine powered helicopter system has been developed. The com-
plexity and wide range of frequency content of signals involved made the hybrid computer the ob-
vious choice for implementation. Comparison of the model with existing hardware has indicated
excellent agreement between theory and practice and it is generally agreed that the model has now
been accepted as a viable design tool. Real-time operation of such a complex model was only possible
through extensive programming in assembly language together with interrupt driven routines which
service the higher frequency circuits. The model has exhibited its capability to solve operational
problems of current equipment and also to rapidly evaluate design concepts.

Finally, the entire program provides an excellent demonstration of Government and in-
du~try working together to solve a complex control problem in the sphere of advanced technology .
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ON THE INVESTIGATION OF THE R AM AIR EFFECTS ON TH E AIR SIDE COOLIN(;
SYSTEM PERFORMA NCE OF A NORTH AMERICAN CAR

U .W. Scha ub

Engine Laboratory

l)ivision of Mechanical Engineering

SUMMAIL ~

Road tests alone do not suffice in providing the manufacturer with the necessary informa-
;ion on cooling fans to meet the new and stringent efficiency and noise reduction requirements of
customers.

Appreciable fuel savings may be possible by carefully optimizing the air side of the automo-
tive cooling system with respect to vehicle speed and heat load.

A research study on how these variables affect cooling system and component performance
of a typical North American passenger sedan has been started with the support of Canadian Fram
Limited. Datum road tests and preliminary wind tunnel testing in the 3m X 6m Propulsion Wind
Tunnel of the Division of Mechanical Engineering have been completed. This work has resulted in
establishing a wind tunnel test section/vehicle configuration that is suitable for investigating the design
and off-design performance of the air side cooling system.

Novel techniques for controlling the engine bay pressure and for deriving cooling fan pres-
sure rise with the fan in its norm al engine bay surroundings and with the vehicle inside the wind tunnel
are being investigated.

1.0 INTRODUCTION

Present customer enphasis on better fuel consumption and noise reduction places new and
difficult demands on the cooling fan under all operating conditions. The greatest loads the automotive
engine cooling fan has to cope with under normal operating conditions occur at hot idle and at 50 km/h
as the vehicle is driving up a 7.2% grade, when full air conditioning is being used.

In considering the overall fuel economy of operating the vehicle it is importan t to realize
that much of the vehicle operation takes place at partial load when the heat loads to be dissipated
are less than maxunum. The energy required to achieve engine cooling can be significant. Energy must
be provided in order to overcome drag losses of the cooling air captured from the approach flow (ram
air ), which can be as much as 15% of the total aerodynamic drag of the vehicle (Ref. 1), and to power
the cooling fan. Although aerodynamic drag is only one factor affecting resistance of the veh icle to
motion , the fuel consumption needed to overcome cooling air drag can be as large as 5% (Ref. 2).
Wh ile the power required to drive the cooling fan may appear small relative to the installed engine
power, fufl engine power is required only intermittently during the life of the engine. Most of the
time the power requirements are much less than the installed power , such as during cruising at
100 km/h , and then the power used by the fan can be as high as 5% of the brake horsepower.
Depending on how efficiently the cooling air flow is managed, how high the system resistance is, and
how the cooling effort is split between the available ram effect and the cooling fan , the fuel necessary
to achieve engine cooling may be as much as 10% of the total fuel consumption.

L
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Appreciable fuel savings may be possible by carefully optimizing the air side of the cooling
system with respect to vehicle speed and heat loads. One method of improving the fuel economy, and
reducing noise, is to decrease fan torque as engine speed increases; but , in order to achieve the best
advantage it is importan t to determine the cooling fan performance with and without ram air.

At present the fan designer does not know beforehand to what extent the available ram air
changes the fan characteristic , causes air to bypass the fan , and h ow the cooling fan air flo w should be
matched to the available ram air. The existing procedure of using static test stand fan performance
data — without actually knowing the ram air effects — and then verifying the adequacy of perform-
ance for each application under road conditions cannot be relied upon to lead to optimal fan designs
in the short time normally available. Nor does it lead to easy transfer of knowledge from one fan
design to the next. This problem can be examined thoroughly only in the wind tunnel , where the
relevant parameters can be controlled and where the vehicle ’s engine bay pressure can be varied .

The Division of Mechanical Engineering of N.R .C. is uniquely equipped in Canada to assist
in research in this problem area. This Division has a wind tunnel facility, the 3m X 6m Propulsion
Wind Tunnel, that is large and fast enough to accommodate a full scale vehicle in its test section and
is designed specifically to operate with live engines. It has a removable test section for convenient
model installation and a suitable overhead crane. It is now equipped with loading ramps , automobile
lifting slings and will have a wheel dynamometer.

2.0 PROGRAM OUTLINE

The Division of Mechanical Engineering and Canadian Fram , Ltd . (C. F.L.), a leading manu-
facturer and supplier of fans for the highly competitive car market in North America, have initiated a
co-operative research program that is intended to relate cooling system (air side) performance and the
system operating point to such important independent variables as: fan speed , back pressure, ram air
flow , and heat exchanger temperature .

Since C.F.L. had already considerable experience in conducting instrumented road tests, its
contribution to this research program has included both a test vehicle and some previously used in-
vehicle instrumentation .

Full size motor cars had not been tested previously in N .R.C.’s Propulsion Wind Tunnel ,
consequently it was necessary first to obtain a datum performance record from road tests, and second
to examine and establish suitable wind tunnel conditions with a typical North American passenger
vehicle in the test section with respect to:

1) tunnel steadiness ,
2) approach velocity profile,
3) distribution of cooling air velocity behind the rad iator and ,
4) engine bay back pressure.

The weather conditions existin g at the time of the road tests precluded generating maximum
head loads, and both the weather conditions and the available instrumentation were not suitable for
making accurate and detailed measurements. The ones made were, however , quite appropriate for
indicating whether or not the wind tunnel/vehicle test configuration and conditions represented
cooling air flows under actual road ram air conditions correctly.

In order to know what the velocity distributions at the front of the vehicle , the air flow
conditions behind the radiator , and the fan performance should be in the wind tunnel , a number of
road tests were at different speeds.

The wind tunn el test section was of the closed type and was provided with an elevated
ground plane on which the test vehicle was placed. Several vehicle positions along the ground board
were evaluated with respect to the extern al aerodynamic reference data logged during the road tests.
The best compromise position was then used for all further tests.
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To study the aerodynamic performance of the cooling system under ram air conditions
involves measuring component and system resistances under ambient temperature and maximum heat
load conditions. Component resistance will be obtained by sequential removal of such elements as
the engine and the air conditioner heat exchangers, the intake grill, the bumpers , etc. It will be neces-
sary to determine the cooling fan characteristics under ram air conditions while the fan is in its normal
congested surroundings. This is not a simple task if one considers the number of openings in the engine
bay compartment, and the clutter of structural and machine parts underneath the engine bay . The
discharge cooling air flow will be collected inside a special catchment pan underneath the vehicle,
and the pressure level inside the engine bay above and below ambient static pressure will be controlled
by means of remotely placed plant exhauster machinery . Because there are large unsupported body
panels, such as the hood, it wil l not be possible to cover as large a range of back pressures as is nor-
mally deemed necessary for mapping fan performance characteristics. Nevertheless, the pressure
differentials obtainable (+0.8 to —0.2 k Pa) will provide sufficient range to off-design operations on
either side of the running line with and without ram air. Providing a greater back pressure range
appears to be beset wi th hardware complications and, at any rate may give rise to unrepresentative
flow distribution problems. Direct measurement of fan pressure rise is recognized to be difficult in
view of engine bay space constraints. It is planned therefore to determine fan pressure rise indirectly
through measurements of fan thrust and air temperature.

The present article describes the purpose and technique of quite a large research program
which has only just been started. Only a few typical results of the early work involving road and initial
wind tunnel tests, by means of which correct tunnel/vehicle ram air conditions were established, are
being presented herein.

3.0 TEST VEHICLE

Since the distribution of cooling air at the radiator strongly dependent on shape and detail
of the vehicle ’s front end , generality in a study of the air side cooling system can probably not be
real ized. There is, however, a strong requirement to assure relevancy to current North American
automotive engineering practice , and consequently it is importan t to use a representative cooling fan
type, heat exchanger air velocities , temperature distributions, fin and tube detail, engine bay tempera-
ture levels and space constraints. This requirement was satisfied in choosing a 1976 Ford Granada as
the test vehicle. The test vehicle is shown in Figure 1. It was equipped with air conditioning because
most of the fans made by C.F.L. are sold in the U.S. market and are fitted on cars equipped with air
conditioning.

4.0 INSTRUMENTATION

During the road and early wind tunnel tests the radiator through flow was indicated at the
hot air side by a fixed array of nine small diameter propeller anemometers obtained from C.F.L. The
array is shown in Figure 2. Propeller anemometers were chosen for air speed measurements because
the cooling air was known to move very slowly and to be highly nonunifo rm (Ref. 3), there was only
a minimum of axial space available between the heat exchanger and the cooling fan , and because the
automotive industry had already considerable experience with this type of measuring instrument.
These fixed position anemometers were unable to sense flow direction and were of insufficient
number to provide the detailed information necessary for a reliable quantitative determination of
air flow. The fixed array was later replaced with a traversing vertical array of propeller anemometers
made by NRC and shown in Figures 3 and 4 for detailed air flow measurements. The NRC anemom-
eters can be removed individually and rearranged in the array , and the array indexing can be changed
to suit different sampling requirements.

To measure cooling air temperature and total pressure therm ocouples and total pressure
probes were mounted alongside the anemometers and a short distance downstream of the radiator
core (to allow for as much velocity profile smoothing as possible). One total temperature probe was
mounted on top of the front fender of the test vehicle to enable measurement of ambient tempera-
ture. The temperature and pressure data were used to calculate the properties of state at the anemom-
eter locations and for correcting local to standard day conditions.
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Coolant water flow rate was logged with a turbine flow meter and a digital read-out. Radia-
tor water inlet and outlet temperatures were indicated by thermocouple probes.

Fan performance measurements made included : engine bay pressure, rotational speed,
torque and thrust. Engine bay pressure , or back pressure in the case of shrouded cooling fans, was
sensed by means of a single static pressure tap located on top of the engine block. Fan speed was
indicated by means of an infrared light sender and receiver unit and a frequency meter with digital
display similar to those used to sense anemometer propeller frequency. A torque/thrust meter, spe-
cially made and provided by C.F .L., was inserted between the production cooling fan and its drive
pulley in the space normally taken up by the distance piece. The strain gauge signals were transmitted
via a slip ring assembly to a manually balanced strain indicator.

A calibrated fifth wheel mounted on the rear bumper of the test vehicle was used to meas-
ure vehicle road speed.

Three pitot-static pressure probes were employed to measure total and static pressure dis-
tributions in the external approach flow:

a) one metre ahead of the vehicle
b) underneath the front bumper on the car centreline , and
c)  under the engine bay in the cooling air exit and underside flow mixing region.

These rakes were casually referred to as the one metre , front , and rear boundary layer rakes,
respectively. All three were oriented vertically and each comprised of six individual pitot-static heads.

The “one meter” rake served to indicate centreline approach air speed and profile under
road and also tunnel conditions, where the solid blockage effects were expected to be large (some
11~ for the vehicle and 9% for the support structure). The six pitot static heads were spaced 12.7 cm
apart and the lowest was 23.5 cm above the road surface.

The “boundary layer” rakes were intended to yield the velocity distribution underneath
the vehicle during the road and wind tunnel experiments. Road clearance changes due to surface
asperities and normal vehicle vertical motion dictated probe road clearances of 8 and 9 cm for the
front and rear boundary layer rakes, respectively. These clearance requirements were established
through use of lead rubbing strips during repeated calibration runs on federal roadways. The pitot-
static head spacings of these rakes were 6 and 2.5 cm for the front and the rear boundary layer rakes,
respectively. While there was no measurement of flow direction , the probe data were considered suf-
ficiently accurate for evaluating how serious the underside blockage effects in the wind tunnel migh t
be relative to the road test results.

Figures 5 and 6 illustrate how the instrumentation read-outs were arranged in and carried
by the vehicle. The back rest of the front passenger seat was removed so that the instrument console
could be accommodated and viewed by an operator in the back seat. The equipment was powered by
a C.F.L. supplied dc-ac converter drawing from two 12-volt batteries.

5.0 EXPERIMENTAL METHOD

5.1 Pressure Measurements on Board the Moving Vehicle

To avoid pressure level problems due to extern al effects (wind and vehicle motion) the
differential pressure transducer was backed with a reference pressure . Rather than carrying a constan t
reference pressure supply in the vehicle , which meets with many practical problem , the technique
used by Hucho , Janssen and Schwartz of VW (Ref. 4) was adapted and used. VW overcame the
back pressure problem by backing all measured pressures with a reference static tap located on a sting
mounted piLot-static probe carried ahead and above the vehicle. The NRC method uses the approach
total pressure indicated by a Kiel probe instead of the static pressure of the VW pitot-static probe.

~
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The pressures were then referenced to stream static by averaging the measured differences
indicated by runs in both directions and adding the approach stream dynamic pressure computed
from fifth wheel data. In the wind tunnel the method was similar except, of course, that the tunnel
dynamic pressure was used directly instead of the fi fth wheel data .

5.2 Torque/Thrust Measurements

The thrust and torque straingauge circuits were null balanced after the engine had achieved
a stable temperature (sump mounted thermocouple) just prior to each test run. Data readings were
made during the runs by manually balancing the indicator. Null balance was verified after each run.

5.3 Cooling System Equilibrium Temperatures

During the early road tests on Highway #17 the cooling system thermostat operated nor-
mally and resulted in normal temperatures in the engine and comfortable temperatures for the test
crew inside the vehicle. At low ambient temperatures this also caused inlet and outlet temperatures
to the radiator to fluctuate wildly. To avoid spurious heat flow data because the relevant data was
not recorded simultaneously the thermostat was removed and a small orifice plate was placed into the
inlet hose.

5.4 Road Testing Procedure

Three nominal road speeds were chosen: 0, 50 and 100 km/h. Using a test vehicle crew of
three (driver , observer , scribe) each test pass required ten minutes, excluding warm-up and traffic
clear-up time. A total of 22 passes, or 11 complete return trips (test runs) were made. Only dry
weather conditions with reasonably stable ambient temperatures (-4 to - 24°C), barometric pressures,
and with wind speeds of no greater than 8 km/h were selected. To minimize wind effects the test data
were averaged from at least one pair of “return ” passes in the same geographical area. Two highways
of the Province of Ontario near Ottawa served as test sites: an unopened but paved section of Highway
#17, just outside Renfrew , and Highway #417 , a recently opened four-lane divided roadway. For
reasons associated with the timing of the whole program the testing was done during winter. While
Highway #17 was snow covered most of the time, Highway #417 was in a typical dry operational
state, i.e. with an occasional sprinkling of road side gravel of less than 3 cm in diameter together with
some traction sand and salt. Whereas Highway #17 was bordered with dense tree stands and outcrops
of rock , Highway #417 was in open country with a median separation varying between 10 m and
50 m. Test runs on Highway #417 were taken inside a vacated traffi c window of one km — all traffic
was held back at least one car length behind the test vehicle and the distance to the last vehicle in
front of the test vehicle was 1 km. The oncoming traffic flow was not controlled but very light. All
test runs were made with the assistance of an NRC pacer vehicle which prevented following traffic
from overtaking the test vehicle. All 50 km/h test runs on Highway #417 were co-ordinated through
the Ontario Provincial Police and assisted by a patrol car. On completion of each pass the captured
traffic trailing the test vehicles was released.

5.5 Wind Tunnel Testing Procedure

Th~ wind tunnel tests were made in the NRC — DME 3m X 6m Propulsion Wind Tunnel.
This facility is of the open circuit type, which made it possible to operate the test vehicle’s engine at
all conditions. Although this wind tunnel is capable of wind speeds of up to 250 km/h only speeds of
up to 100 km/h were needed.

Because the loading bay of this wind tunnel was too short for the test vehicle a set of
inclined entry ramps leading to the second floor was made, see Figure 7. A special lifting sling was
fabricated for various test vehicles to hoist them from the incline and inserting them into the test
section. Figure 8 illustrates the present test vehicle being loaded.
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-To avoid unrepresentative tunnel floor boundary layer build up that could bias the dis
tribution of cooling air entenng the vehicle s engine bay, an elevated ground plane was erected inside
the test section 1.8 m above the tunnel floor. This 11 m long ground board was supported on several
slender columns and trusses, all in the air stream between the board and the fixed tunnel floor. A
large (0.5 m thick) fairin g with a truncated trailing edge directly underneath the test vehicle con-
nected the ground board with the tunnel floor and housed an exhauster duct for drawing off the
entire cooling air that is collected by a catchment pan specially made for the test vehicle ’s engine bay .
Figure 9 shows the test vehicle inside the tunnel’s test section on the ground board. The leading edge
of the ground board was located in the throat of the contraction preceeding the working section of
the wind tunnel.

The vehicle was placed and anchored on the ground board with its suspension locked
firmly to provide ground clearance dimensions identical to road test conditions. Different vehicle
positions along the ground board were studied in order to find one that would generate velocity
profiles in front of the vehicle and underneath its engine bay similar to those measured on the road
whilst approximately representative cooling air flows were maintained. It was not considered essential
to generate exactly matching ground boundary layers in the wind tunnel ; but , underside blockage
(boundary layer and catchment pan) was tailored by means of shape and slot suction to reproduce
road test cooling air flow distributions behind the radiator.

The rake velocity distributions were studied for three vehicle positions: 0.13, 2.23, and
4.75 m from the leading edge of the ground board , two cooling fan speeds ( 1500 and 2800 RPM ),
and a range of tunnel air speeds. Although matching road (air) speeds were known these could not be
set in the wind tunnel directly because significant vehicle and ground board blockage nullified known
empty tunnel flow calibrations. It was, however, possible to establish velocity profiles at the one metre
rake similar to those on the road , and this determined appropriate tunnel speed settings.

In order to he able to control and adjust engine bay pressure level a special cooling air flow
catchment duct was fabricated for attachment underneath the engine bay region , see Figure 10. This
catchment was connected by way of transition pieces and ducts to remotely placed exhauster
machinery . To achieve good sealing, the power steering cyl inder and linkages were removed and all
clearance spaces between the structural , suspension members, engine, exhaust , driveshaft , heat ex-
changer cores, firewall , etc., were sealed off tigh tly with foam rubber strips and uncured rubber paste.
All engine bay panel holes were sealed and the hood was taped down. The rear boundary layer probe
was now contained inside the catchment duct. The exhauster was started and set to match the road
test engine bay pressure while the tunnel and engine speeds were set to match road conditions. Radia-
tor through flows were examined by means of the velocity anemometers and compared with corre-
sponding road test data .

6.0 EXPERIMENTAL RESULTS

6.1 Road Tests: External Flow

The total amount of air tha t is displaced by the test vehicle is reduced by the amount of
cooling air entering the grill. At zero forward speed the cooling fan draws air in from still surroundings
and makes this disp lacement a negative quantity, bu t as fo rward speed builds up the displacement
becomes a positive quantity . At large forward speeds the cooling air flow is a very small quantity
relative to the total air mass displaced laterally by the body of the vehicle — somewhat less than
10 percent. The air approaching the front of the vehicle therefore slows down relative to the moving
vehicle before it speeds up alongside the vehicle.

The average velocity at the one metre rake was observed to be only 0.88 of the actual road
speed. While the velocity ratio should obviously increase and tend to infinity as the road speed tends
to zero , the observed data scatter (±7%), presumed to be associated mostly with gust effects, masked
any clear possible speed dependence of this ratio. Figure 11 shows that velocity calculated from the
one metre rake data diminishes towards the ground — as expected from the previous considerations.
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Though partially obstructed by the license plate, the front boundary layer rake directly underneath
the grill showed further air speed reductions relative to the vehicle. The rear boundary layer rake,
located below the engine bay alongside the engine , experienced the discharging cooling air flow in
addition to the approach flow passing underneath the vehicle. To satisfy continuity requirements
the average velocity here should be , and was actually observed to be, higher than that observed under
the front bumper. While flow angles were not measured in the present case, the measured static
pressures at the rear boundary layer were actually sligh tly positive relative to ambient (10 to 20% of
approach flow dynamic), and very close to the measured engine bay pressure , where the air velocities
were known to be small. Consequently the velocity distribution at the rear boundary layer rake,
while subject to some misalignment errors , were not greatly in error, and in any event proved to be
useful data for comparing wind tunnel results with road test results . Some of the observed velocity
differe nce between the front and rear measuring stations is presumed to be associated with the dis-
placement effect of the front wheels. The cooling air discharge from the engine bay is associated with
the reduced velocities in the upper portion of the profiles.

6.2 Wind Tunnel Tests: External Flow

Although the total vehicle and supporting structure blockage was large relative to normally
encountered wind tunnel blockages (it was nearly 20% ) the test section flow rate was as steady as for
the completely empty test section.

In view of the reported difficulties in simulating the road boundary conditions (Refs . 5, 6)
a fixed ground board was used and the test vehicle ’s wheels were stationary on it. The velocity profiles
were then studied at three different distances from the leading edge of the ground board. Some of
these are shown in Figure 12. No major differences in the one metre rake position velocity profiles
from those measured on the road were evident at distances of 0.13 m and 2.23 m , but at a distance
of 4.75 m the velocity seemed actually more uniformly distributed. On the other hand , the profiles
indicated by the boundary layer rakes were appreciably different in the wind tunnel. The maximum
underside air velocities were for instance as much as 7% greater in the wind tunnel , and the engine
bay static pressure , while still positive, was correspondingly less. The best match for the front
boundary layer rake data was obtained with the test vehicle in the most rearward position (4.75 m) .
Neither position on the ground board nor tunnel/engine speed settings significantly altered the shape
of the rear velocity distributions. Discounting evident differences in rake height settings, velocity
profile comparisons and practical considerations suggested that the mid position (2.23 m) seemed
like the best compromise vehicle position along the ground board .

The catchment pan , which bridged the gap between the engine bay and the ground plane,
did offer noticeable additional blockage locally, bu t not one metre ahead of the vehicle, as indicated
by the centreline velocity data shown in Figure 13. For exam ple, there was a 5% decrease in maxi-
mum velocity underneath the front bumper. Slotting the ground board just ahead of the catchment
pan appeared to cancel this additional blockage effect.

6.3 Internal Aerodynamic Data Comparisons

The C.F.L. anemometer measurements were , as explained above, not suitable for quanti-
tative assessments, but did constitute an important basis for comparisons between road and wind
tunnel results. Figure 14 facilitates typical comparisons at the 50 km/h and 100 km/h operating
conditions. The cooling fan speeds and engine bay back pressures in the wind tunnel were the same as
measured on the road. Although one anemometer directly underneath the cooling fan became inoper-
ative during the wind tunnel experiments reasonable contours of local velocities could be derived.
These indicated that the cooling air flow distributions generated in the wind tunnel were sufficiently
similar to those on the road .

In both cases the air speeds near the top of the radiator exceeded those near the bottom ,
and the close proximity of the fan hub caused air speeds at the centre of the radiator exit area to be
less than at the sides.
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Figure 15 illustrates corresponding temperature rise distributions. Although the heat loads
generated in the wind tunnel were lower th an on the road , the isotherm s of Figure 15 indicate rea-
sonably good agreement between the tunnel and road data. This evidence is at least a qualitative
substantiation of the observed cooling air velocity distribution likenesses.

6.4 Cooling Fan Operating Line Data

The running line static (zero road speed) performance data and superposed road operating
data at 50 and 100 km/h are shown in Figures 16 and 17. Each figure features “warm ” and “cold”
ambient temperature conditions of 20°C and -9°C, respectively. The road tests were done at tempera-
tures of - 9°C and less. The cooling fan thrust and power appear to have a temperature dependency
that cannot be accounted for by air density changes alone; but , these results must be interpreted
cautiously because neither ambient nor radiator temperature effects have been studied systematically
at this time.

The limited preliminary data available suggest that the ram effect on fan thrust and power
is much less than expected.

7.0 CONCLUSIONS

1. The centreline air speed averaged over the distance equal to hood heigh t minus ground
clearance is 88% of the true vehicle speed one metre upstream of the test vehicle.

2. The air speeds below the front bumper were lower than at one metre ahead of the test
vehicle.

3. The static pressures underneath the engine bay were very close to pressures inside the
engine bay and slightl y positive relative to ambient.

4. Coolant system resistance had to be held constant in order to achieve stable radiator tem-
peratures.

5. Cooling air flows , fan thrust and torque appear to show dependence on temperature and
ram air speed. The temperature dependence apparently cannot be accounted for by density
changes alone.

6. The combination of the test vehicle and the ground board structure did not produce un-
steadiness in the wind tunnel flow.

7. The blockage effects due to the vehicle and ground board structure in the wind tunnel are
significant and dependent on vehicle position on the ground board relative to the ground
board’s leading edge.

8. The air speeds underneath the vehicle without its catchment pan tended to exceed those
observed during road tests. The engine bay pressure was correspondingly low, but still
positive.

9. The cooling air catchment duct caused a local blockage effect that reduced the maximum
velocity overshoot underneath the front bumper observed for the clean vehicle config-
uration. Use of slot suction just upstream of the catchment pan facilitated adjusting this
velocity maximum to match road test data.

10. Representative distributions of cooling air flow behind the radiator can be produced in the
wind tunnel provided that the correct engine bay pressure and velocity max imum in the
profile below the front bumper are generated.
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FIG. 2: ARRAY OF PROPELLER ANEMOMETERS FOR
MEASURING COOLING AIR FLOWS THROUGH THE
RADIATOR PROVIDED BY CANADIAN FRAM . LTD.

FOR THE INITIAL TESTS
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FIG. 3: NRC-MADE TRAVERSING ARRAY OF PROPELLER
ANEMOMETERS MOUNTED IN POSITION NEXT TO

THE RADIATO R CORE
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FIG. 5: VIEW FROM BACK SEAT OF TEST VEHICLE OF THE
IN-VEHICLE INSTRUMENT CONSOLES
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FIG. 8: TEST VEHICLE IS BEING LOADED INTO THE 3m X 6m PROPULSION
WIND TUNNEL TEST SECTION
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FIG. 9: FULL Y INSTRUMENTED TEST VEHICLE ON THE
ELEVATED GROUND BOARD. WITH THE ENGINE BAG

EXHAUSTER DUCT SHOWN UNDERNEATH THE
GROUND BOARD
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FIG. 12: EFFECT OF DISTANCE FROM THE LEADING EDGE OF THE GROUND
BOARD ON MEASURED VELOCITY DISTRIBUTIONS 
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FIG. 13: FLOW BLOCKAGE EFFECT IN THE WIND TUNNEL DUE TO THE ENGINE
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CURRENT 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 pr ivate industrial companies.

None of this work is reported in the following pages.

__________________________ _ _ _  — . —- -~- -
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ANALY S IS LABO RATORY

AVAILABLE FACILITIES

This laboratory has analysis and simulation taci l it les asa ilab l~ on an open-shop basi s . I nquiri cs are especially encouraged for
projects that may utilize the facIll t iCs itS a novel and/ut particularly et tec t ive manner. Such pisIjecIs are ~~V C fl  ~ TIOTi t) and are
fully supported with assistan ce from laboratory personnel. The Iacibues are espec ially suited to system design studies and
scientilic data proe ssing. Information is available U~~0fl requ es t .

EQUIPMENT
An l-.lec tron ic Asso c iates 690 IIYBR II.) (OMPL I I K co nsist ine ol the fo llowing:
(a) P~~’~ K 1(10 digital computer

— 32K memory
— card reader

high speed pr in te r
- disc

— digital plotter
— Lektroniedja interactive terminal

(b) Two EAt 680 analogue computer cunsute s
200 amplifiers including 60 in regri Curs
IOU digitally set at tenuators

— non-linear elen ien ts

— x-y pen recorders
strip chart recorders
large screen oscilloscope

(c) [A l 693 interface
24 digital-to-analogue converters

— 48 analogue-to-d igital Cons e r t e r s
interrupts , sense lines, contro l lines

2. Hewlett Pack,i rd Model 39611 1 ~l inst rurnentition tape recorder. IRE ; standard , 4 t rack. I 4-inch tape. Speeds: 5 16 .
3-3/4 and IS inehcs per second.

GENERAL STUDIES

Study of methods for obtaining a mathematical model ui a t iesible articulated manipulator arm .

Curv e fitting using cubic splines .

APPLICATION STUDIES

In collaboration with Aviation I lectr ic Ltd.. a li~ hrid computer model ul an adsanced turbo-fan engine is being put together in
order to investigate the ex pect ed perforritanee ot i ts Control s~ stem.

In collaboration with the Railway Laborjro r~ , a pilot h~ brid cumpu let  model of the ~‘sR(. ro ller rig for railway vehicle testing is
being built as an aid in the design of the roller rig and i t s  cont ro ls .

In collaboration with Aviation l Iectzi c Ltd.. modeling work is unde r~~,i~ in support uI their advanced control Concepts fu r both
the small business jet engine and the helicopter engine . -\i plesent . a validat ion ot a detailed model of a twin engine helicopter
model is complete. Several deta iled de~ gn studies have been completed m d  esalu ar ion of one hardwar e confi guration is under-
way.

In collaboration with the Control Systems and Human I ne’ineer ing Laborato ry and the International Niekel Co., Ontario Division,
an interactive computer model ol’ a co pper-nickel sme lter is being desetoped to study materia l handlin g and scheduling in the plant.

In collaboration with R.L, (‘rain Ltd., an interactive or der streaming program fo r a print shop has been developed and is curren tly
being evaluated by the press co-ordinators.

In collaboration with Canadian Westinghouse Ltd .i study is being tirade of the fuel controller requirements for a new family of
industrial gas turbines. A hybrid computer model has been assembled and ss being used in the development of control system
hardware.

In collaboration with Kendall Consultants Lid,, and SPAR Aerospa ce Products l id., a hybrid computer model of ’ the remote
manipulator arm being desi gned for the space shuttle is being assembled. The model is to include all allowable motions in three
dimensions as well as arm flexibility effects.

In collaboration with the Urban Transi t Development Corporation and G.E. (‘rate l t d., a model of an Intermediate Capacity
Trans it System is being developed in order to study various system designs and resulting operational performance.
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In coliaboration with Northern Telecom Ltd.. an interactive computer program is being developed to schedule cable orders on
cable stranding machines.

In co-operation with Concordia University. a model of a heavy railroad freight vehicle is being assembled. Simulations of vehicle
response to periodic and random excitations are to be conducted.

In co-operation with Carleton University and Engine Laboratory a preliminary study is underway of a heavy equipment propulsion
systens using a co-rotating compressor.

SYSTEM SOFTWARE STUDIES

An interactive package for setup and checkout of analogue computer circuits in a hybrid environment.

A simple graphics package for the LEK-l04 terminal.

A preprocessor for hybrid computer model digital programs.

_ _  _ _ _  _ _  --- -~~~-.- ~~~~~~~~~~~~~~~~~~~~ ~~~
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CONTROL SYSTEMS AND HUMAN ENGINEERING LABORATORY

INDUSTR IAL CONTROL PROBLE MS

Industrial syste ms and agricultural applications of tluidic circuits.

F luid sensor and control component research and development.

Interactive computer modeling applied to operations scheduling o large scale industrial plants and processes.

Development of CAMAC instrumentation for industrial control applications.

Engineering support to specific firms for the implementation of schemes for control and mechanization.

HUMAN ENGINEERING — BEHAVIOURAL STUDIES

Investigation of the control characteristics of the human operator and the basic phenomena underlying tracking performance.

Investigation of the nature of sensory interaction in human perceptual-motor performance.

Investigation of the factors involved in the presentation and processing of information, particularly in relation to simulator design.

HUMAN ENGINEERING — MEDICAL AND SURGICAL

Development of heat exchangers for localized cooling of the spinal cord.

Measurement in-vivo of the mechanical impedance characterist ic s of skin and healed wounds.

Development of models of tissue sections . organs, and whole organisms.

Development of stereo-ta.x ic and allied apparatus for clinical procedures involving the spinal column.
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ENGINE LABORAT OR Y

HOSPITAL AIR BED

A hospital air bed designed and built by NRC has been delivered to the Ilotel Dieu Hospital in Kingston, Ontario for clinical
evaluations of treatment of burn patients. The function and pert’ornsanee specifications of the bed were devised in collaboration
w ith Canadian medical authorities to satisfy Canadian needs.

A second air bed was purchased in England by the Victoria Ilospital in London, Ontario. and was adapted by NRC to meet
Ontario Ilydro requirements.

Several modifications were niade to the NRC air bed as a result of the early testing experience. Both beds are being used very
success fully for clinical evaluation. A study and an evaluation of the th rough flow characteristics of various support fabrics has
been completed and has ted to an insproved air bag structure. The new concept is now being evaluated in Kingston.

GAS TURBIN1- OPERATIONS

An investigation of aircraft gas turbine engine operating characteristics is being conducted in conjunction with the Canadian
Forces.

Assistance has been given ii> the Canadian Forces in the development of an inlet protective system for sea-borne gas turbines
opera ting in icing environm ents.

AEROACOUSTICS

A 1 2-inch diameter dueted Ian model has been tested aerodynamically for the purpose of making performance comparisons
between a standard I9-bladed stator and a l9-bladed stator wills stepped leading edges. Comparative noise studies of the same
conhigurations in an acoustically treated test cell have recently aiim) been completed.

These experiments are made by the Engine Laboratory in co-operation with the I)ivision of Applied Physics with the intent of
evaluating special noise reducing features in ducted Ian design. Publication is in preparation.

A study of the noise characterist ics of centrifugal fans and blowers is in progress. Ttse ef lect  of casing geometry on a 15 horse
power blower is rccent I~ completed. A new five horse power fan test rig to study the effects of various elements of the fan on
aerodynamic performance and noise generation has been recentl) commissioned.

FM ; IN I - CO OLING SYSTEM PERFORMA N(’F

In collaboration with Canadian industry an experimental study is being made of automotive cooling fan performance with t h e  fan
in its actual engine bay environment and subject to normal tam air conditions. The study involves both road and wind tunnel tests

at full scale under hot and cold radiator conditions. The test vehicle is typical of an intermediate sire North American passenger
car , and along with considerable in-vehicle instrum entation , is being provided by the industry for test purposes.

A good simulation of the road test cooling system aerodynamics has been achieved it t  the 10’ X 20’ test section of the Propulsion
‘Aind Tunnel of the Division of Mechanical Engineering. Component and s~ stem aerodynamic performance is currently bemg
studied in the wind tunnel for the ambient temperature radiator condition. Publications are in preparation.

ROTOR DYNAMIC’S

A n experimental rig has been constructed to investigate techniques for improved vibration signal diagnosis from rotating machinery
under a variety of operating and support conditions. Test rotors are being designed.

The laboratory ’s torsional vibration calibrator is being modified to allow study mf the cIt eel of translational vibration on the
performance of ’ .i belt-driven to rst mtgr aph.

On behalf of a (‘anadian manufacturer , the power absorption characteristics of a centrifug.iI fan have been determined for a unit
to be used on the spillway gales if a hydro power sl.mihs n.

A I R (‘L’SFIION V I’ 111( 1 I’S

An analytical study of A( ’V drag ovc rlanmt is continuing. Advances in the theory have been forniulated, and an ex perimenta l
program is in progress . to explore the validity of th ese theories and provide numerical values for the coefficients proposed.

L~. . ~~~~~~~~~~ . 
_ _ _ _
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An assoc iated study of skirt element structural stability and response to transient disturbances during forward m otion is
proceeding.

Research vehicles HEX-lB and IIEX-4 are being used for static stability tests, and drag measurement at various speeds and lift air-
flows over a range of porous terrain. Special instrumentation for this work is carried on the vehicles. A trailer is being built and
equipped with additional devices for measuring terrain porosity.

HYDROSTATIC BEARINGS

The fabrication and testing of an oil-lubricated hydrostatic bearing support system for the railroad roller test rig is in progress.

I xperinsental and analytical work on air lubricated bearings and seals is continuing, Attention is being focused on aerostatic thrust
bearings with one compliant surface.

h YBRI D DRIVE VEHICLE SIMULATION

An all-digital computer simulation of hybrid drive vehicles is being developed. A model of the accumulator system has been
prepared and is being verified against an actual accumulator. Initially, a heat engine-hydraulic drive system will be modeled and
verified against a prototype system installed in the Fuels and Lubricants Laboratory. At present, the model can handle a spark
ignition engine coupled to an automatic transmission in an automobile.

The use of the automotive computer model as a aid in developing improved traffic signal control strateg ies is being investigated.
The fuel consumption of float vehicles operating in traff ic under different signal control patterns will be determined.

NRC - PRATT AND WHITNEY HI G HLY LOA DED TURBINE

The test cell has been prepared and the instrumentation of the test section is in progress. The data acquisition and reduction
5% sle ni is being ‘dc-bugged’ and the appropriate control algorithms are being written. 



-~ ‘ - - - -“- - ---- -- - .~~~
_, ‘ -~~~~~~~~ -~~~~~~~~~

- 48 -

~~ E
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~ C

. 

C ~

t

I—
2
w

>‘ I
(/5o :I— ~< <

~ I.-o
C

4 -J
-i 4

U

I

HI! 2

~ 



- 49 -

FLIGHT R ESE A RCH LA BORA TORY

AIRBORNE MM;NF1 ’ICS PROGRAM

l-.x perimental and theoretical studies relating to  the fu r t h er development of airborne m agneto m eter equipment and its .m~~’Ii~j ion
to submiiarine detection and geo logical survey . are current ly in progress. The North Star t1~ ing laborator y ht ,ms now been retired hut
anal> sis of magnetic data taken use r east . west and Arct ic coasts of C anada will continue for sonic time mit come, Studies are
co ntinuing in very low frequency (VLF ) and other navigat ion ntetfsods to support long range geophysical surve> s , A ( ummv air Sho t
a ircraft to replace the Nort h Star is currently being equipped with new magnetometer and comttputing systents.

INV ISTIGA ’fION OF PROBLEMS ASSOCIATED WITH V/STOL AIRCRAFT OPERATIONS

T h e Laboratory ’s Bell 205.-\I sariab le stability he licopter is being employed in programits to investigate terminal area operational
problems which are tnosr severe t ’or sir peculiar to a ircraft capable of loss’ approach speeds. The 205 . w hich is capable of measuring
and recording the itt ieni mude of the tfsr ee components ut mt loti om r of the atmosphere through which it flies, is emp loying this
ca pability in a programn of terrmtina l area si m d  and turbulence docum~nmation at the Roelceliffe STOLport. In a related program
tile 205 is being configured to s imttu late the flight eftara e ter ist ies and h andling qualities of a powered.lif’t STOL transport aircraft.
The effects of ses’ere turbulence and sm ru m mg wind shears on the approac h h andling qualities and operational envelope of such an
aircraft are being evaluated by flying the sim ulated sefi mc lc thsroug lt natura lly occurring atmospheric disturbances.

INVESTIG ATION OF ATMOSPHERIC T1’RBULI-NCI’

A r-33 aircraft , equipped to measure w ind grist velociti es , air temt rpcrature . ss m d  speed , and other parameters of interest in tur-
bu lence research , is used for mmmcasurements am c~ r> loss- altitude , in clear a ir above the mropopause . in the neigh bourhood of
mmtounm am n w ise  act iv i t y , and near st o rnm s, Records are obtained on imagnet ic tape to facilitate data analysis.. The aircraf r also
participates in co-operative ex perimt me nts suthm oth er researct m agencies , in particular , t he Summer Cumulus Investigat ion (see below).
A second 1-33 aircraft is used in a supporting role for tltese and other p ro f e c ts .

A I R C R A F T  OPERA TIONS

Time Flight Recorder Playback Centre is engaged in the rec overy and analysis of intor imtation front the various fligh t data recorders
and coc kpit voice recorders used on Canadian mnilitarv and civil tramts por r .mi r c r .m it , The mtmil i tar y ~> stem s are being monitored on a
routine basis. Civil aircraft recorders are being replayed to investigate incidents or acc idents .it t h e  request of the Ministry of
Transport. Technic.ml assistance is being provided during incident and .icc idet it i n scs tms ~ations and re levant aircraft operational
problem s studied.

INI)L STR IAL ASSISTA NC I’

\ ‘si s t .m nec is gisen to a ircratm mttanufacturers ,mnd other companies requir imtg t h e  use of specia liied hl iglmt test equipment or
te chniques.

IN\’ISTI(; ~Tlo\ OF SPRAY DROPLET RI’ l. I- .ASI- I-’ROM AIkCR..
~ l 1

I fseotetmcal and experimental studies of spraY droplet tor mnati ,’ t m front a htig f i speed rota t ing disc have been conducted. Flight
ex periments utilwe a lla rva rd aircraft  tttodif ’ied to cam) e\m crmtal sp ra% inks , ~ut ot m t at is  l1~ ing spot dro plet and particle analysis
eqim ipit ient is in o perat io n for I)rocessing samples obtained mn time lab r.itorv and in time f ield by var ious agencies. The equipment
his potentialities for the anal> sis of m any unusual configura lions pr vided that ll msse mji, i% tim photograp hed wit h suffieient
contrast -

AUTOMIiBIL I Uk \~fl DF TI CTOR

There isa need for a sensing device to a e t m v .m te automobile passen ger rest r : mmnl  s> stemtt s in incipient crash situations. Investigations
ire in pro~ rcs ’ mit dclermi itc the app licability ot U.P.I. technology lii this prob lem,

S U M M E R  ( ( M I LL ’S INV IST I ( .  ~iIt)N

lie r em f im ‘I o f the lie ‘ i  r ii ic St  I the I rm v r r mm nm mi en t 11mg Itt slush vs of Cu tim lii s cli us] formtta l ions os er Quebec and Ontario were
instituted dur mnc the Sum unter ,m f I r4 lmtc tru mente d I . t3  and I ss mt Ot t e r aircraft ss i r t i  a Beech IS are being used to determine
tIme properties of ( umulus c louds which extend appreciably abuse mliv freering level. The nscas urcmts ents are being made to assess
the fe asi b i l i t y of induunr pres’ ipi l.i t im> n user t i re s t  itt’ areas by seeding large cumnu lus fstrtnati ons. During 1975 a va r iet~ of cloust
physics mnct riintent s sser e .mddcd to the Tss in Otter . and special p mss ts for burning s i l sc t iodide t lare sssc re a tt ae hm ed benea t lm the sting of
the I-3~ turbulence research airs r a f t  lIme e f f ec t s  it seeding on tIme nmicrostruc iure of individual euntulus clouds were studied in the
Ye ljowknite .mreadur ine the cumttmi ietsof 1975 and I97h antI in thunderltay in 1977 , Thisproje ct isplanned tocontinue for severalye ars .

- —- -—-. ~-— --—. - ‘~~~ 
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FU ELS AN D LUB R ICANTS LA BOR ATORY

COMBUSTION RESEARCH

Experiments on fuel spray evaporation.

Investigation of handling and conmbustion prohlemmts involved in using hydrogen as a fuel for mobile prime movers.

Evaluation of the use of mixtures of nretlsane and carbon dioxide as automobile fuels.

Co-operative studies with Advisory Group lot Aerospace Research and Developmrtent (AGARD) Working Group II to produce a

report on aircrat ’t h ire s.ilety.

EXTENSION AND DEVELOPMENT OF LABORAT ORY EVALUATION

Development of new laboratory procedures for the determination of the load carrying capacity of hypoid gear oils under high speed

condit ions and under low speed high torque conditions.

Evaluation of f ilter/coalescer elenment s lor aviation turbine fuels.

Evaluation of longlife filter/coalescer elements from aviation turbine luel service.

t (at cr  separation ch aracte ristics of aviation turbine fuels,

PERFORMANCE ASPECTS OF FUELS. OILS. GREASES. AND BRAKE FLUID

Investigation of laboratory met lmod s for predicting flow prop erties of engtne and gear oils under low temtmperature operating

conditions.

Investigation of the electrostatic chtarging tendency ot dIstillate fuels.

Evaluation ~‘I static dissipator additives for dist mllame fuels.

Evaluation of properties of re-refined oils and by-product sludges.

Investigation if the use of aitti-icing additive in aviation gasoline .

MISCELLANEOUS STUDIES

The preparation and cataloguing of infra-red spectra of compounds related to fuels, lubricants, and associated products.

The app lication of ‘~motmiic A bsorption spce tros cop > to the determination of metals in petroleum products.

Investigation if the stab~
’’ my of highly contpressed fuel gases.

Analytical techniques for analysis of engine ext ~ ust ensiss ions.

Participation in the (‘anadian (CGSB). Amer ican (ASTM) and International (ISO) bodies to develop standards h’or petro leum
products and lubricants.

The design and development of an internal combustion engine/hydraulic transmission hybrid power plant for the energy conserving

car.

Further developments of specialized pressure transducers for engine health diagnosis and the development of diagnostic techniques

and consultation with licencee in developing production methods for patented transducers.

Evaluation i t  various products , fuels , lubricants and hardware in respect of their effects upon overall vehicle fuel economy and

energy conse~~at iofl properties.
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GAS DYNAMIC S LABO RATOR Y

V S’fl)L PROPULSION SYSTEMS

A general study of V/STOL propulsion system methods with particular reference to requirentents of economy and safety.

INTERNAL AERODYNAMICS OF DUCTS, DIFFUSERS AND NOZZLES

An experimenta l study of the internal aerodynamttics of duets , bends , diffusers and nozzles with particular refere nce to the ef fect
of entry flow distortion in geometries involving changes of cross-sectional area , shape , and ax ial direction.

SHOCK PRODUCED PLASMA STUDIES

A general theoretical and experimental investigation of the production of higlt temperature plasma by means of shock waves
generate d by electronsagnetic and gasdynamie means, and the developntent of diagnostic techniques suitable for a variety oh
ahoc k geometries and the study of ph ysical properties of such plasmttas.

NON-DESTRUCTIVE SURFACE FLAW DETECTION IN h O T ST E E L  BI L L E T S

An eddy-current surface flaw detector is being develope d , using a special coil system by which a three-phase modulated RE.  signal
is being electrically rotated round the billet at a rate given by the m odulation frequency. The system displays the angular position
of the flaw on a polar oscilloscope sweep or nunrerically. svhi le the signal ammm plimude represents the depth of the flaw .

HIGH PRESSURE LIQUID JETS

I l i g I m speed water jets gent rated by pressures in the range of 1000 to 60 .000 psi can be used for cutting a wide variety of materials.
e g .  paper. lumber , plastics , neat , leather , etc.. and for cleaning surfaces such as ntasonry. rocks , tubular heat exchangers . etc

Nozzle sizes , depending on t h e  application, are imt the range fromtt 0.002 to 0.15 in. dianteter. A tec hnique for manuhacf siring smm iall
nozzles in t he range 0.002 to 0.015 itas been developed using standard sapp hire jewel s available front industr> . Larger orilices are
ni,mnufaciured and polished using standard shop procedures.

At present, the fo llowing invest igations are active in the laboratory:

lnmeitsmve development of a rotat ing seal designed and sheve loped in tIre labo rato ry , It appears to have great potential ,
especia lly for industrial cleaning. quarying and poss ibly tot drilling operations ,

2. I xperintents on flit ’ fracturing of rocks using continuous and cavirafi ng jets.

3. l’x p er im nents for clearing ice off runways and for cutt in g through thick ice ridges.

4~ l xperiments tin the production of intermt ti f tent f y 15  w i t h fiig fi stagnat ion pressures.

F mphasis is nuts being placed n the sm us h> of effe s is produces] by cavitating je t s , how l est to produce themm t and w here the> ma>
be use lulls .mpp lied

I I I  ~ I [R AN S I I R  SF1 1)11 S

Initial devef ipittent oh a tentperatur e control fhe rms msiphon f o r  an electr o nme pack.mr e has been successfully concluded. Life resting
of this device h is  cii nsmt’nced.

An investigation of met lmods of increasing boiling and condensing meal transfer coe f f i c ients by treatment of the Imeaf transfe r
surface has begun.

A co-operative project wit Is t he Division iii Building Ress’arett still determine the usef ulness of t he thermosip hon as a ground heat
source fur a heat pump,

Work has started tin extend ing time range of design information for use in air-to-air heat recover > units ,

COMPUTATIONAL FLUID DYNAMICS

To support the experimental stork , numerical simulations are being developed in three areas.
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Single-pulse jets from vertically-accele rated liquid-filled rotating cones. This is a two-dimensional, ax isymmeiric , unstea dy.
ineor tsp ressi ble Ilow problemm i with a free sur f ace, where the liquid is subjected to large body accelerations.

Fluid dynamics of laser-produced plasmas. Time ph enomena are considered as Iwo’dime,isional, axisymmeiric . unstea dy,
compress ible flow problems in wltieh real gas behaviour is considered. The approach , w h ich uses Lagrangian formulation, has
heems used to calculate two cases :

(a) The fluid dynamics of a laser breakdown plasimma . w ith the objective of explaining lIme ittechanism of beam re-entry into the
plasma when heammi intensify is reduced.

(b) ‘t he interaction of a (‘O~ laser beam w ith mmtagnefica lly confined plasntas. This major problem is currently being studied
nummmer ically as part of a eo perative effort  with the Aerospace Research Laboratory of the University of Washington.

Slmock dynaittics and fluid dyn ammties resulting from sync hmronized spark discharges on the ax is and discharges on the perimeter of a
cy lindrical vessel containing hydrogen , to achieve htigh gas te mrtpe ratur es on the ax is of the vessel ,

GA S T U R B I N E  BEADIN G ST U D I E S

A program on the theoretical and experinsental stud y s if tIme pert ’ormance of highly loaded gas turbine Wading has been undertaken
as a co llaborative program with industry and universities.

INDUSTRIAL PROCESS. APPARATUS, AND INSTRUMENTATION

There is an app reciable effort , on a continuing basis,, directed towards industrial assistance. This work is of an extren re ly varied
nature and , in general , requires the spec ial facilities and capabilities available in the laboratory.

Current co-operative projects with mttanufacturers and users include:

(a) Flow problents associated stitit industrial gas turbine exhaust systems IFoster Wheeler).
(b) Cont busf ion studies for industrial g,ms turbine app lications (Westinghouse and Rolls-Royce).
(c) Application u t  t f i c r i i m u ic  m 1ulion as an e t i er e > conserving s hcvmee in industrial applications (Dept. of Agriculture , Ministry of

Transport . Far inon I lee t~~c. Cli Ri mr ma lui ~ ( ‘.mrt.uLm 1. td).
(d) Scaled model studies on steel and su uf i pe r  coilvert ers to establish relative perforntance and ceramic liner deterioration rates

(Canadian I, ju~t misl Air and Nuut.m n u ,Ia f ,
(e) High f ut cs smm r u ’ st a rer em a1i~i lms ’.ili~in. in industry f t l ig bm Pressure Systems Ltd.).
(1) l’ uist e r turbine nozzle s ,m t ie s l u s h  ti s I i’ s Ii its h iu ui se t .
f g )  Scaled nmodel s luul is ’s I esl.m h’ hm sh the uet l ~ ur Im i . ummce of complex industrial Iliac systents with a view to establishing specific

s lesien and per t .  u r r s l , u f r s  u crIteria. ‘i ’  ius Lu mod Incu Canada I,td).
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H I G H  SPEED A E R O D Y N A MICS LABORATORY

R I N l W ~~I 01’ I’IIF TL RIIL ’ I l :NCIS DAMPING S(’R I’ INS IN ‘1111 5 1 1 .  x 5-I ’ I’. %%‘INI) lUNNI I

‘lIme i,msk of sh is ur uam i t h imu e t lse set t l i m ig s’I ia mm t t me r of the fuimne l was cumiututeitced us  July I 977 .

\l .t mmti f . t c t  mire of t lme rcp lacemmtent screens is st elI advanced nuts st it t ml mree h u e m mig eomtmp lefe by flit’ end ol Septemttbcr .

Slippages in tIme es t immmated com mip le i iomt date h ave occurred and it is t i l t S  i \ pi tted t h a t  tIme re- .isseit i bly will not be comm m plef e until
l)ccettmh er.

(‘~~I I B R A  I ION OF FIll S I  I. i 5-I l . %SINI ) It NNI I ~S FR \N.SONI( FF51 SI’( ’ I’It)N

\ l e,u sur c m m mc m mts stf lost .tut el e and s maen , if ion press u re mh tstr ih iui l t umt across mIme st td thi of thie test  section and mmtid iteight were made
prior l u  t Ime di su mm su nt l in g of time wti td ru mm m n el  l’ tme tmicasureimment s i ru i s ’ i shs - m l st e.um h> ’ S ta te  s . t l i tes si t  mIte Ilow angularity and stagnat i on
press ut rc at rune Ia feral s f .m t ions ansI .ilss i r. iii. s, v.u hues tub t Ime blu er t i nt tog com m i t in ts  oh flow—angle and stagnation pressure at these
st .i i Ru ns the dat .u is cu rrently being assessed .

I mi ll s u t  immg tIme rebuild sit th u e t umm mse l mIme mmm m,’as ur et mme mm is sti ll be Is f iC .t ted, h urt hii’r f it t Imese mne asuremm mcn Is the longitudinal distribu thin
ot ’ st , umi c pressure t h in g tIme centre line s i t  tIme tr .u nsu inte test  seem on will he mmmeasured by mm m eans oh a nest 4-inch dia itmeter sting ntounted
probe.

SI I It I \ ;  CIIA %I B h ’ R Sit  l)\ ’ IN 5 -IN. ‘ 5-IN. %%INl ) t ’t’N\I I

Mmm dcl t e s t s  h i s s ’ beers eomm stuct ed in tIme NM ptliit facil i ty, t u l  dc fermmmi it c time ehfecf of increasing t ite resistivity of the second porous
fdished ) ba ffle in Ilte st ibm ’ ang le dill user ahead of tIme Sf tIling sectio n , and flue instal lation if ‘‘ tr imnting’’ screemt at tIme exit of the
.tcoust i -  baffl e ge um t memry. I ‘ urh h m er m mm om c , s mu mu hi es it the eft s e t  tu f ruisi difis ’,ttions to time crucmf u rmmt—c s i ne structure at the entrance
iii mIte wide ang le dif f user on mIme settl ing c ftamm mf u e r flow h ave tb s i u beemt e ium mdu ms ’ted. Base d situ the results of these studies . certain
res ismi u ns to time set t l i tm g s ’ h s.urr i  l ies s i f  the ~.ft. \ 5-f t ss m d  t um n imel still he mttade , st ’ttmch we cx peet to considerab ly imnprove tIme h o w
ih~sf rihution and tut deere.ise the Ics el of l ress ure t ’ l uc t u matmomt ’ s i f  the entry to the stilling section.

I’%%(bl)IM I NSII IN ‘t I 1 R ’tNSI )\I(’ I I  (Wi SFt ’ I ) I I  S

I’ fficient co nm ptm ter progr.u sis h.tsi ’ t  ti n f i n i t e  if if ferem t ce pros ’s’d mmre s ire is auhab le I si r rime design if cupererifical airfoils and for the
a nal> sis of stt ;i i’ r c rm t i i . u l  t ’lu mst A sm im.ull s h i s t t t t l i .ins ’u ’ t r , u r t ss u ruus  pr u u e r . i mmm us being ds’ s s ’f u i t ses h and st ill include us mm td tunnel stall e f fec ts .

h IGh RI’ \ N( ml ,DS NIMBI R I’II’I 1 1 ( 1 5 %

l b . , inve s migati um mm is carried out at this ’ Ri f u les t  of mad in c o—mi p et . u f i t t r t  wi fh m I oi l  Unt s’ ersm fy , Qu ebec.

TIme obj ect is to s ubtaun turbulent ~k ti f ricti uun it,t t .u am very’ hm m ehm Res num lds ni mmt it is ’r I Re d up to 2f I I 0~ ) in an B—in , pipe. The
im ms est iu: , u t io ns tim diii include c.i l i f u r.utu i u m m of a r.tmt ge o f Presfuim m u d  t m / o r  f rI, ,urfaee pitof ti tu s - s and nmean seb oeulv fras’erses.

Turbulence m d  noise mm re a su rem rui - m t ts  arc .ulso fmei rus ’ eom us ids ’red . ‘~m m . tl y s us of I sc Preston sit u ’ calibration data has been carried out
and the res um I is ,igree st elI w i th  sc mmt i’s-m mt p trm c a l m lme uur~ lit seth on the logan t l m m m m uc wall lass

A blui .t ting clc t r m e m i f  skin friction f u ,ul ,u muce has recently been supplied ti> Ltval I. ur is c r s m t y  and initial tes ts  ttave been curried out.

I I I I ’ t )Ri ’ ’Fl(’ ’ tI ,‘tNI ) I’ X I ’ lR IMI  NI  ‘tI Sil l)’!’ Oh il I NOISI’

I urther insest i u ’.it sIns tub interna l noise in a l u s t  stut -ed jet  are in f iriig resc ‘s l u m ’ detailed studies of tIme interaction of t Ime transmitted
sound us ml Im t he j et hluiw and si sine c l . t  l us t  sa l iris s’s t tmz. ulion of the unultip hu ’ stave c m i i  feting by t ite lurhulent eddies will he carried out,
Somm ie c.,perimmment s mmn co-axial je ls tu ,u s ’ e been p m ’ r fu i rm u me ul  and nm es ism mreimments oh pres su re Ilus’tuat ions in tIme hur hulenh shear bayer have
ties -n u ndertaken, l’urhmm lcnce umieasuremen ls still he ea rnt s ’ uI out Ii> l.tser i)t rppler ve loc irum i- fer .

R I ’ V N I I I , l)S NE Mil l- K I’ l l” FC 1.5 (IN I %%OI ) IM I NSIONA I •‘tI ROl” OI LS WIT h Ml ( ’ I IA NI( ’A L III(;Il 1.11: F DlVICES

5. nmulli.ctntmponcnt airh ’tm i l mmmo de l . Ii:t ceu h sim m a supcicr mtieal airfoil. has  Itt-en des igned and manufacturing ms in progress. The mould
still he equippu- uI f u r  press u re mmteasurement s on ill cu umnp o nent s and prtuv isi iin is, .‘ilsui mmta de f(tr boundary layer-wake surveys in the
vicinity um f the su ir t i u t l  surface , ‘the mm tt ude l is part of a progranm ainted at a detailed analysis of 2-I) high lift tlt w and the effect of

Reynuulda nimm imber on time optitmmum flap scm tings .

- -~~~~~-~~~-.- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~ -‘—~~~ 
‘-‘ - -------—-
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Work on an iterative solution of the compressible boundary layer flows about multi-element air foil is continuing at the University
of Manitqba.

TESTS FOR OUTSIDE ORGANIZATIONS

Pratt & Whitney Aircraft of Canada

Three tenmperature recovery probes were calibrated in the 5-in, X 5-in. pilot tunnel in the Mach number range .12 ~ M ~ .8.

I
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HY DRAULICS LABORATORY

ST. LAWRENCE SIIIP Ch ANNEL

Under the sponsorship of the Ministiy of ‘[ransporl , a study to improve navigation along the St. l.awrence River. using hydraulic
and numerical modeling techniques.

NUMERICAL SIMULATION OF RIVER AND ESTUARY SYSTEMS

Mathensatical models have been developed io simulate tida l propagation in estuaries , wave refraction in shallow water and littoral
drift processes.

DEVELOPMENT OF SPECTRAL ANALYSIS PROGRAM S

lot  use in the analysis of wave records and on-line analysis of turbulent dil’l’usion data produced in the laboratory .

WAVE FORCES ON OFF-SHORE STRUCTURES

W ise flume study to deteimine design criteria for off-shore ntooring structures .

RANDo M WAV E GENERATION

A study of random waves generated in a laboratory water wave Ilummte tsy signals from .m computer.

LOC K MODEL STUDY ON VESSEL SIZI-

In co-operation with the Marine Dynanties and Ship laboratory a model study has been undertaken to determine the effect of
vessel and lock dintensions urn the entrance and ex it speCds of ships in locks of the St. [ ,awremtce Seaway.

STABILITY OF RIIBBI,l. MOUNt) BREAKWATERS

A flume study for the l)eparmmt tent of Public Wt urks to determt mine stalui lity eoefhicients of arntour units and the effect of a number
u I  wave pa ra imtemer s urn the stabil ity of “uhhle mound breakwaters.

WAVE LOADS ON C AISSON TYPE BREAKW ATERS

A flume study for the Department of Pub uc 5.5. turks to deterntim te the overall loading, as we ll as tire pressure distribution on
various (‘ausson-ty pe breakwaters.

WAV I’ , POW ER AS AN ENERGY SOURCE

-5. general study mit assess the wave power available around Canada ’s coast and to evaluate various proposed schem es t t u  ex tract
th is energy. Inte ni matmonal co-operation is taking place thrsimmgh the International Energy A gency of Ol”( ’D.

MOTIONS Oh’ l ARG E I LOATIN(; STRI’(’TURE-;S . MOOR I’D IN Sh ALLOW WATER

A nta themat ieal and hydraulic modeling prsmgram will I,e carried s u i t  10 develop techniques and methods to forecast m otions of .
and m ooring forces on large structures moore d in shallow water ,

SAL INIERVILI E HARBOUR MODEl STUDY

‘5. hydraulic mutdel study ,mnd st-ave flume study to relocate a hreumkwater at Saulnierville, N.S. to give better protection.

IIJORNB URY UARBOt’K MODI-:I. STUDY

-‘s hydra u ibt e mrmodc l study to investigate wave agitation in the harbou r basin am 1’Imornbury , Gesurgian Bay. for Public Works . Canada.

( ‘A t IBRA FION OF FLOW Ml’ ASURING DEVICES

I .u ct h i tmes m m ) cal ibrate varIous I’, pes of Ilow im semers up to a mmma x utmum m t ca paci t Y of 5 ,000 gpm m m arm ’ regularly used for/itt by private
industry and ot her government departmm t en ms.

(‘(It I-SON (‘(15. 1- MODE I STUDII S

I lume s t i t i l tes are being co mm mt uet i ’ d to dc ter mmmine sm att i l imy criteria of a rubble mr uo umm d breakwater protecting the intake channel at
t he (‘o leson (‘ave Ihm ’ nmr ma l Generating Station , N.H., and wave loads ire mmtca sured on a mt stt ’l i t t  mIme dit’tusc r cap for time sante
s t a t i u m m b r  New ltrunsst ’is k Power (‘tm nt imt iss ion and Eastern I)estgn c rs . I redenicton. N Il.
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LOW SPEEC AERODYNA MICS LABORATORY

WIND TUNNEL OPERATIONS

The three major wind tunnels of the laboratory are: the 15-ft. diameter , open jet , vertical tunnel; the 6-ft . X 9.ft. closed jet
horizontal tunnel; and the 30-ft. V/STOL tunnel. During the quarter , 13 programs were undertaken which included work for
Canadair LId.. Dellavulland Aircraft of Canada Ltd., and the Wind Engineering Group of the Laboratory. Performance specifica-
tions are being prepared for a new wind tunnel data acquisition and control system to replace the present system which has been
in service for 20 years. A request for proposals will be submitted to suppliers within the next month.

WIND ENGINEERING

The construction of a 1 100 scale unodel of the Olympic Stadium was completed and installed in the 30-ft . X 30-ft. w ind tunnel,
Surface pressure measurements were made on the stadiuni mast and the aerodynamic forces on the structure due to the proposed
removable roof were measured. A second series of nmeasurements is to be undertaken in 1978.

Measurements of wind properties are being made on the Lions’ Gate Bridge, Vancouver as part of an aerodynamic investigation of
the bridge. There arc tour anemometers distributed along the span and two accelerometers to measure bridge motion. A fully
automated recording systens has been installed, Site assistance is being provided by Buckland and Taylor Ltd., Vancouver.

In collaboration with the Division of Building Research an aerodynamic investigation of Commerce Court , Toronto is being under-
ta ken, The purpose is to obtain wind tunnel comparisons with full scale measurements of surface pressures. A 1:200 scale model
h as  been constructed and testing has begun in time 30-ft. X 30-ft. wind tunnel.

A second configuration I’or the renovated widened version of the Lions ’ Gate Bridge is to be investigated in the 30-ft. x 30-ft. wind
tumtnel. A 1:100 full aeroeiast ic rmtodel is noss being constructed. The Work is being done for Buekland and Taylor Limited.

FLUIDI(’S

(‘u-operative studies stith fiG. lnstrumsuents of a 3-axis air velocity sensor are continuing using both NRC and industry developed
conce pts. Studies oh’ vortex exc itation of velocity sensor probes h ave been carried out in co-operation with FluiDynamic Devices
Ltd. A program of applications of lammminar flost- in thin passages is being carried out in co-operation with the Control Systems and
tlun r an Engineering L abora tory suf I)MF.

Nt Mt ’R l(’AL Ml’TIIODS

A correlat ional tt me ory for the prediction of I’u undaxy layer transition imas been devised and successfully demonstrated in some
simple ~asc s sthmi c f t  are mm f inte rest bs,r the design of airfoils,

Ihe nunmerical met hods are applicable to compressible flows involving heat and mass transfers at the boundaries.

V I P11( 5.1, AXIS WINI ) TURBINE

Ibis ’ 2 b u u k5.5 dcntonstrati ,un s~ind turbine , designed and built by Dontinion Aluminum I:abrica ting Ltd has been erected by Hydro
Quebec and has begun experimental operation on the Magdalen Islands, DAF are now developing commercial turbines in the power
range f ront about 5 to SO kW , A small tur bine built by Bristol Aerospace has been opera t ing successfu lly. wit hout maintenance.
Iuu r over uric yeas af an autuimsat ie meteorological station on the Beaut’ort Sea Ice. Bristol are continuing development of turbines
j % pass e r s u uu m rs ’es at rem ote sites ,

Ah’Rl 5.1 SPR\YI NG OF PESTICIDES

‘5. co-operative program hetween NAt’ and the University oh’ New Brunswick , to determine the droplet size distribution of standard
noiile conh’igurat ions, is csimtfmnu ung , The experimenlal nmethod consisted of photographing droplets in the 50 to 250 micron range
u sIng a nartuiw depth uul focus, and a high intensity flash. An electronic detector was also placed in the spray; itt function was to
mount the num ber of dr isplets in a given size range. The second stage of the experintent has been completed with measurements of
drc.pief emmss ions from a Micronamr rotary atomizer being made. Further wind tunnel testing will continue during the latter part
oh 1977 .

A nest spray bousm designed has been tested in co-operation with (‘unair Av iation (Abbotsford , B,(’,). Tlmis configuration will have
significant ly less aerodynammm ic drag than the present installation which is used on the DC-6 8 aircraft and is expected to save several
hundred Imorse power. The spray emmmiss ion from the new configuration is currently being evaluated in i’hight.

Theoretical and exp’ rimental studies are continuing on the effects of the vortex wake and other h’actors on the swath width of spray
left by t haw flying ai rc ratf ,
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LOW SPEED AERODYNAMICS LABORATO RY
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LOW TEMPERATURE LABORATOR Y

RAILWA Y CLIMATIC PROBLEMS

L mmder the auspices of tIme NRC Asssucmatc (‘omminm ittee on Railway Prob lemtms , Sub~ ’omnm ittee on (‘linmatic Problems, a variety of
amma lytical and experinmental stork is conduc.ed on a continuing basis,

I1IERMAL PROTECTION OF TRACK SWITCHES

rIme use su b h eat to eli mmm una me switch failures from snow and ice is a standard approach to thsis problcnm. Wor k has been carried out
on umprovung t he eh’ficiency of forced convection combustion heaters and tIme mmmeans of distributing heat to t he critical areas of a
sw itch.

IIORI/.ONTAL AIR CURTAIN SWITCH PROTECTOR

‘5. non-thermal mt etl tod of protecting a switch from failure due to snost- has been undergoing development and evaluation. This
methiud consists of high velocity fmor izonta l air curtains designed to prevent the deposit of snow in critical areas of a switch. The
t Cs t s  cmunducte d to date are especially encouraging wit h respect to yards and termim inals. Additional evaluation is required for the
line service application,

N E W  RAILWA Y SWITC h DEVELOPMENT

‘fIte ultuntate solution to tIme existing problemim mmf snmust and ice tailure of the point sst it ch V. ould appear to be replacement by a new
destgmm that is not suhicct to failure in this stay. A sv. mm c li has been designed, fabricated , laboratory tested and has now comnpleted
one winter season of field trials. The design inv&ulves only shear loading from snow and ice.

LO(’OMOTIVE SANDING EQUIPMENT

An investigation into the various possible modes of failure of a locomotive sanding system resulting from low temperature has been
under taken, In addition to the expected failures resulting from moisture freecing in var ious parts of tIme pneumatic equipment, two
ot her modes of t ’~.i1ure are being investigated further,

HELICOPTER DE-ICIN(.

A study of helicopter icing protection mnvolvmn g the evaluation of various syste it rs (thermal . Ib id. and self-shedding materials) and
t he developnment of dc-icing etuntrol systems including ice detectors. The principles for a dynamic ice detector with high sensitivity
to he used on helicopters are being investigated . Investigation of methods of establishing a rate function with the dynanrie icing
detection principle is being conducted.

MISCELLANEOUS ICING INVESTIGATIONS

Analytical and experimental investigations of a non-routine nature , and the investigation of certain aspects of icing simulation and
m mseasuremerst.

TRAWLER ICING

In collaboration with Department of Transport , an investigation of the icing of fishing trawlers and other vessels under conditions
of freezing sea spray, and of methods of combatting the problem.

AIR CUSHION VEHICLE ENVIRONMENTAL PROBLEMS

A study has been started on the deposition of snow on sections representing possible tracks for guided ACV’s. Snow and ice
deposits are being measured and recorded during each winter storm,

A study of snow removal by unconventional methods is being undertaken for high speed transit systems.
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AIRBORNE SNOW (‘ON(’ENTRATION

l~i provide statistical data on the airborne m ass concentration of falling snow in order to define suitable design and qualification
criteria for flight throughm snow . measurements of concentration and related meteorological parameters are being made.

SI- .5. l(’E DYNAMICS

Analytical and experinmental work on the techniques of forming low-strength ice from saline solutions is being carried out in
connect ion with proposed mnodeing studies of icebreaking ships and arctic port facilities.

_ _ _ _ _ _ _ _ _ _  -4
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MAR I NE DYN A MIC S AND SHIP LABORATO R Y

HIGH SPEED CRAFT

Several models in a system t matic series have been studied and others are being prepared to determmmine their performnancc in still water
and in waves ,

YACHTS

A continuing program of sailing yacht model studies is underway using equipment and techniques developed in the laboratory.

BULK CARRIER

A model of a dry cargo vessel was constructed in the laboratory and an investigation made to determine the feasibility of its unique
design. A new bow was made and fitted and additional studies carried out wills various bulbs.

HYDROFOIL PRO(;RAM

An exper iment peogramm s is ho be conducted on a model of a fmydr ot ’oil ma in suil , for w hich prog rartm a special dynamometer has
been built by the laboratory,

HYDROFOIL DESIGN SERIES

A series of five hydrofoil models is being considered and two have been built for investigation of their hull lift and shra y ’., foil lift
and drag and seakeeping performt mance.

BEHAVIOUR OF SHIPS IN LOCKS

Three radio-controlled Gre-at Lakes cargo vessel models with s~urs ~t-tg beamtss were built in the laboratory. A study of their behaviour
is being carried Out in a Seaway lock nmodel in coopcralhun with the Ilydraulics Laboratory. Investigation bras been made of the hydro-
dynamic forces acting on the vessels during approaeim and passage Ihrough mIte locks wit h a view to recst mttmmtemtding mmtod ihications t u u the
exist ing lock structures and defining the effect of ship beammt on entry and exit timtme s . Experinments were conducted to determine safe
nav igation speeds in the channel st’ith respect to avoiding collision st’ith the lock entrance walls. As st -elI, basic turning rate data ss as
obtained when the vessel was guided by mtta rine shunters. Somm ie full-scale mmmeasure mnents have also been mttade on board a ship.

Y.PASS SYSTEM

A model, equipped with a Y-Pass sys fenu , has been teste d for  resistance and propulsi on and its perfornfanee evaluated ,

DEVELOPMENT OF NON.AQUEOUS SOLUTION SYNTHETIC MODEL ICE

As is we ll known, the properties of full scale ice mmt ust he scaled d(swn when carrying out model tests,, To t l mi s end, extens ive studies are
being carried out , of t he physical charact erisl ics and procedures fsu r  Ihte manufacture of non-aqueous solution s y n t h e t i c  model ice for
ship model experimnents.

GREAT L A K E S  B U L K  C A R R I E R

A model of an 1100-ft. bulk carrier has been constructed in th ue laboratory and its resistance and propulsion characteristics studied,

DOUBLF.FNDED FERRY

A model of a double-ended . quadruple-screw ber ry  hai been constructed in tIme laboratory and its perforntance is being evaluated,

PATROL VESSEL

A model of a very high speed patrol vessel has been built in the laboratory for investigation of its resistance ,

L. .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~ .



PATROL VESSEL

A model of a patrol vessel has been nmanufactured in fibreglass. It will be fitted with various stabilizers and extensive seakeeping
experiments are to be carried out -at var ious stabilizet configurations. A computer analysis will then assist in finding the optimum
sta bilizer configuration.

COMBINATION FISHING VESSEL

-5. mmso del of a 70-ft. West Coast almon and Imerring fishing vessel is to be constructed in the laboratory and its resistance , propulsion
and seakeeping characteristics investigated.

~

..
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R A I L WAY LABO RATOR Y

R.- 5 . IL W A V Sl’UDIES

‘Isisu e~ permmenta l axles with spin controlled geometric properties have been manufactured and are being tested under a 100-ton
grain car at Uplands Test Centre. Trackside instrumentation is being improved and one type of fully steered truck is being tested
as a preliminary to tests on steer ing trucks to be carried Out for CP Rail.

The dynam anseter car supplied by UP Rail for use as a mobile instrument car is being refurbished. The pocket to contain the
coup ler and draft gear us being modified. Instrumnentalion has been prepared for tests on rail corrugations, the efl’ect of unsprung
weight and bolster strength to be carried out on CP track ,

The Laboratory continues to provide assist ance to the Canadian Government in the assessment of the performance of passenger
trains at high speed. ,-5.n instrumented wheelsel is being prepared for a reference vehicle. Consideration is being given to a test
program on a (‘anadian train for the Amnerican Federal Railroads Administration.

RAILWAY DYNAMICS BUILDIN(; (U-89)

The floor and control roomti have been completed. Rooms and services have been erected to house the electric power plant to the
roller and vibration rigs. This complex includes a small workshop.

The vibration stands have been designed and the hydraulic power supply purchased for the building. The actuators have been
delivered. The rail structure to support vehicles in the building is being ntanufactured.

Dynamonmeters have been connected to a pair of roller rig electric motors fs u aid in ilte development of their control. Initial testing
is underway . A hybrid computer model has been developed in conjunction with the Analysis Laboratory.

Hardware for the roller rug is being des-eloped and mmiade by the Manufacturi ng Technology Centre. A design for the position
controls has been carried Out in the Railway Laboratory.

GENERAL iNSTRUMENTATION

The laboratory is co-operating ss it fu the \Iarmne l)y ms amttics and Ship Laboratory in the developntent of the micro-processor controlled
ship motion analyrer ,

A non-contact ing transducer us being developed ti measure sliced and displacement of ferromagnetic surfaces by correlating two
magnetic no ise signals.

Development of a non-contacting scm-v u gauge using smepp unc motor str ive for tIre measurement of tidal levels in hydraulic models,

Mt- .(’HANIC,-’sL AIDS TO THE HANDICAPPE[)

Iwo Canadian firnms fmave been licensed to build and market Iii’ NR( Page Turner.

MECHANICAL AIDS TO SURGERY

I xpertments are being conducted using the 5.’ascular Suturing Instrum nctt t tin the Joining oh umbilical veins for possible use in
future implant work.

The NRC pigmentation un lector and various vas cular suturin g instruments have been overhauled for use in clinIcal surger> .
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STRUCTURES AND MATERIALS LABO RATORY

FATIG UE OF METAL S

Studies oh’ the basic fatsguc characteristics of materials under constant and variable amplitude loading; fatigue tests on components

to subtasn basic design data ; fatigue tests on components for validation of design; studies of the statistics of fatigue failures,

deselopment of ’ techniques to simulate service fa t igue loading.

RFSPONSI’ OF STRICFL’RIIS TO HIGH INT EN SITY NOI SE

Study of ev c itami uun and structure response mechanisms; study of panel damping characteristics and critical response modes;

investigation oh’ fatigue damage laws; industrial hardware evaluation; investigation of jet exhaust noise.

OPERA flON4L LOADS AND LIFE OF AI:~ , RAEr STRUCTURES

Instrunsentat ion oh’ aircraft for the measurement of flight loads and accelerations; fatigue Life monitoring and analysis of load and

acceleration spectra ; full-scale fatigue spectrum testing of airframes and components.

ELECTRON FRACTOGRAPIIY

Qualitative determination of fracture mechanisms in service failures; fractographic studies of fatigue crack propagation rates

and modes.

METALLIC MATERIALS

Structure.property relationships in cast and wrought nickel-base superatloys. Studies of the consolidation and TMT processing of

superalloy powders and compacts by hot isostatic pressing, hot extrusion and upset forging; studies on mechanical properties.

Mechanics of cold isostatic compaction of metal powders , properties of hydrostatically extruded solids and compacts , extru ded

at pressures up to 1600 MN/rn2 . Studies of the oxidation/hot corrosion behaviour of coated and uncoated refractory metals and

superalloys.

MECHANICS AND THEORY OF STRUCTURES

Stresses in multi-cell caissons for marine structures. Stress concentrations at corners of box structures . Behaviour of plates under

high-speed impact . w it h reference to bird resistance of aircraft windshields.

FLIGHT IMPACT SIMULATOR

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

velocity of 760 ft./sec.; operation on year-round basis achieved and includes use of temperature controlled enclosure hrom —40° to

-s- I 30°F; in addition to airworthiness certification program includes assessment of resistance to impact for materials and structural

design for most types ~f viewing transparencies.

CALIBRATION OF FORCE AND VIBRATION MEASURING DEVICES

I acilities available for the calibration of government . university nd industria ’ equipment include deadweight force standards up

to 100,000 lb., dynansmc calibration of vibration pick-ups in the frequency range 10 Hz to 2000 lIz.

COMPOSITE MATERIALS

Studies of csumposites including resi ns , crosslinking compou nds , po lymerization initiators , se lect ion of matrices and reinforcements .

app lication and fabrication procc slures. material properties, and structural design.

FINITE ELEMENT METHODS

Development and application of finit e element methods to structural problems. Development of refine d elements with curv ed

edges. Developme nt of methods for non-li near problems. Studies on the analysis of cracked members.
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M OTOR VI hlI( Lh- SAFETY

The nmathemm rat ical model of the redirection 01 a vehicle by a cable barrier has been validated experimentally and effort is now being
concentrated on the development of a facility for the dynamic measurement of the inertial properties of automobiles by suspending
thent on ama hcar imtgs . l-.ngincering charts for the design of flexible rsuad barriers axe being prepared.

In collaboration with Mm nm s m r ~ of Transport , Road and Motor Vehicle Traffic Safety Branch, studies to determine the performance
sit headlights in the driver passing task are being carried out. Work is continuing on a system for studying driver performance and
tra ffic s~ualim~ by the analys i s of autsmmat ically recorded vehicle control input and response data.

POLICE EQUIPMENT STANDARDS

The NRC/CACP Technical Liaison Cormtmm r it mee on Police Equipment usa bilateral arrangement for bringing together police and
government personnel ts u revtesi police equipment requirements , equipment perh’ornrance specifications, and conformance testing
proce dures. Work of the Committee is expedited h~ pernranent Secretariat which has a primary responsibility for continuity in
the activ ities of a number suf Ses t iu uns , each dealing with a particular area of expertise , and for co-ordinating work and specialist
contributions from various participating Departments and organizations.

__ _ _ _ _ _  _ _  .. --~~ -
~~~~~ 
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UNSTEADY AEROD Y NAMIC S LABORATORY

l)V N,~ MIC STABILITY OF AIRCRAFT

Deve lopment of new tec h niques for dynamic ct a f i i lmts exp e ri rm iem t ts.

Derermninaf ion of cross-derivatives on amt aircraft-like csmnfiguration at h i gh angles of attack.

Exploratory mtteasuremttents of vertical acceleration derivat ives.

Developmmtent of an electro - mecftan ical calibrator for t h e  ex isting dyna m ic cross-der ivative apparatus.

.~~ lMOSPtIFRIC DISTRIBU lION OF POLLUTANTS

,‘\ n.slv sis s i t  the downwind vertical spread of gaseous and aerosol pollutants front sources near the ground, with spec ial emttphasis
on the cl’fect uuf atntosp heric stability.

Instrumentation of a smitall tttobile laboraf uir~ to rrmeasurc a irhsurnc parmiculates and of an aircraft to detect atnmosp heric tracers.

Use of the above detection s% stem to measure the vert ical spread sit a pollutant in a polar atmt rosphere during the AES pilot study
of polar mmreteorology on Lake Simncoe.

TRACE VAPOUR I)l- rh (’rION

Development of h ighly s en s ut is ’e gas chroum uafograp fm ic tec hniques for detection ssf  t r aC e quantities of vapours of pesticides,
explosives and Iluorocar bons.

Se nsit iv i t ~ evaluation of Cs mui,,u c rcu.sll ~ ava ilable e\ p l(us ive sletectors.

Air borne and ground-vehticlc based tt reasuren tcnts ot tlte spread and distribution iii’ various aersuso ls and tracer gases ,

L)evelopntent of techniques for conditioning and testing of biosensors.

WORK FOR OUTSIDE ORGANIZATIONS

Dynamic rmlomtte nt mneasur emitent s and flow visualization studies for NAS ,-’s . using wind munncf facilities at NM and at NASA Antes.

f ’ ea ~ihiltfs and design stud Ies for NA SA ,

.-\ t rc r ,i f f- sec urtf ~ feasibility studies fsur Transport (‘anada .

Scientific assist ance to interdepartmental Explosives Detector Evaluation Program. Msint re,t l .

Feasibility Studies for DSMA . Toronto.
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WEST E RN LA BO RATOR Y (VA NCOUV ER )

PRACTl (’ -~t, FRICTION ANI) %%I-: A R STUDIES

Various laboratory stm mi u latt ons ot practical mribological sy stems to study friction, wear and lubrication behaviour of lubricants and
bearing ntat e rta ls in respsunse to specific ex ternal requests. For example , a recent project was concerned with investigations of the
lubricity of wate r/utl yco l-based hydraulic c~ hinder tluids for use in Arctic undersea drilling rigs.

FLN1)~~%I I- N’I’-~L STUDIES IN TRIBOLOGY

Continurne study of the abrasive wear behaviour of glassy and other carbons and ses em-al hard ceramic materials.

lCBRIC,-tNT %N~~I Y SIS

Per iodic analysis of used marine oils to assess titeir degree of deterioration as an aid to engine fa ilure prevention.

PRACTIC,-~I STUEMI-S (II” HE ARINGS AND SEALS

Design of a mac hine to test thur et ’lcct ivermess of tite lubrication s\ stemmt of locomotive traction motor support (journal) bearings at
low te m peratur es ,

(‘ontunuun g e-speruntenta l investigation of the efficacy oh sC~ious seal arrangements in a stat ic model ut a ship’s hydraulic rotary
steering gear ,

INST RUM1-NTATION STUDIES

The developmiment and construction of turther instrumutentamion for the Division of Building Researc h for the automatic tape
recor ding of velocity and pressure rmmeasurements in snow avalanches in the Rogers Pass.

~stod if ications and improvements are being designed and made for the laboratory ’s mini-computer. T huese include a high speed
‘selector channel’ and a new nm icro-electrcsuiics core memory.

Work has been completed ott a distributed light source and sensor for use in tIre automatic bus passenger counter previously
developed.

NUM (-RICAL LY CONTROLLED MAC IIINING

Technical assistance on this subject is being provided to firms and other institutions in Western Canada which are considering the
purchase of numerically controlled mttach rnes to improve their production e fficiency. Seminars are held to explain the fundamentals
of numerical control and programming and the laboratory ’s t hree-axis NC milling machine is used to maclmine demonstration batch
quantities of typical components for interested companies.

Plans are being ntade 11) dentonstrate the use of cotnputer assisted prograntnting and punched tape preparation as a means of reducing
mttanua l programming tirmme for items requiring a large number of geometrical statements.
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PUBUCAT~ONS

MECHANICAL ENGINEERING REPORT

MS-l40 A SYSTEMS ENGINEERING STUDY OF NIGHT VISIBILITY WITH AUTOMOBILE UEADL IGIITINC .

H.F.L. Pmnkney, A .A. Ayad , P. Huculak , A.L . Harr ison, National Aeronautica l L-stabhishmen m , August 1977 .

The question of night visibility with automobile headhighting is studied using a systems approach .

A methodology has been developed to isolate all the independent variables affecting night driving visibility such as sources,
re flective surfaces , transm ission media and observer,

Itis shown that correlation was achieved between the results obtained from field experiments for she unopposed roadway
obstacle detection task and corresponding calculations based on accurate field illumination eumgineering data and observer
laboratory visual performance data.

Usmg the luminance difference method developed during the visual performance studies, t he report demons trates how the
illuminance characteristics of the source interacting with the scene luminance factors can affect the luminance differ ence
signal as.uwluble for detection (:.LA) ‘sith respect to the lumutinance difference signal required by the observer (L~LR).

Examp les of the application of thus type oh approach are also given to analyze the unopposed car and the interaction with
other sources of illuminance such as moonlight, dusk skylight and opposing headlights. By means of these examples the
sensitivity of visibility to the t’ield, source and task parameters is also shown.

Extension of the methodology to statistical population performance evaluations is outlined and current research in progress
for obtatning a statistical nseasure ot the parameters affecting headlamp population behaviour is brisrtly outlined.

LABORATORY TECHNICAL REPORTS

National Aeronautical Establishment

LTR-FR-6 0 MacPherson , J . I.

A Cumulus Cloud Seeding Experintent for Forest Fire Control — NAF Participation and Results for 1976.
August 1977 .

LTR-HA-30 Lee , H.H.K.

Some Measurements of the Properties of a Co-Axial Jet.
September 1977.

LTR-ST-9 l3 Harrison , A. L.

Meas ured Illumination Characteristics of the L9’4 Headlamps. Part 2 — The ICE Headtasn ps .
5 May 1977 .

Division or Mechanical Engineering

LTR-(’S.l74 Buck , L.. (;reen. G., Hyde, F., Isnor , C.D., Leonardo, R.

NRC Stressalyscr Operating Handbook.
June 1977 .

LTK-CS-l 76 Hayes. W E .

Maglev Guided Ground Transportation System Conceptual Design Study.
September 1977.

LTR.l Nu ;
~~5 Dudgeon . Dil.

Performance Measurements on a Power Absorption Fan from the Long Spruce Power Station,
August 1977.
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MISCELLANEOUS PAPERS

Buck, L. Defining the Boundary in a Positioning Task. Acta Psychologica, 41 . 1977.

(‘han , A , W.. hlearn . D.W . A Rectilinear Distance Round-Trip Location Problem. Transportation Science , Vol. 11, No. 2, May 1977.

Flia s. L., Seman, G., Wilson, D. Detection of Hidden Explosives on Passenger Aircraft. Presented at 2nd International Conference
on Crime (‘ountermeasures — Science and Engineering, at Oxford , England, on 23-30 July 1977. Published as a joint NRC/DOT
report . May 1977.

Fowter , U.S., Ilarcourt , C.FI. Prairie Weak Road Load Relief Progranm. Lecture given at CASI 11th Symposium on Air Cushion
Technology. Vancouver , September 1977. To be published in Proceedings. Also published by Associate Committee on Air
Cushion Technology, Tech Report 4/77 , July 77.

Gagne , R.l- .. Inrig. CM .  An On-Line Interactive Debugging Package for Hybrid Computers. Proc. Summer Consputer Simulation
Conference , Chicago, July 1977 , AFIPS Press pp. 121-126.

Goumm imters . (‘.M.J. Sonic New Forms for Strain Gauge Measurement Elements. Translated by l- .R. Funke, August 1977.
Laboratory Memo. UY-90.

Llanff , ES.  A Dynamic Calibrating Apparatus for Cross Derivative Experiments. Presented at the 7th International Congress on
Instrumentation in Aerospace Facilities in Shrivenhmam , England, on 6-8 September 1977. Published in ICIASF 77 Record ,
pp. 125- 134 .

Hawthorne , II -M .. Chow ,C . .  Peters , E. ,  Warren , I.Il,* Evaluation of Gasification Reactivities ofCoals by Differential Thermal
Analysis, Presented at the l3 t f u  Biennial Conference on Carbon. Irving, California, July 1977. (Extended Abstracts pp. 452453.)

llolt , R.T., Wal lace . W. Impurities and Trace F:Iemmments in Nickel Base Superalloys. Published in International Metals Review ,
Review 203 . ~s1arch 1976.

Kekez . M M.. Savmc . P. The Glow tSpark) L)ischarge Electrolysis-Conmbust ion Concept of Ball Lightning. 13th International
Con ference on Phenonmena in Ionized Gase s . Berlin , 12- 17 Sept. 1977 .

Kekez . M M,. Sav ic , P. Some (‘suni nments on t he Leader Channel l)cvelopment . (‘IGRE International Meeting. Cardiff, Wales,
31 Aug. -. 2 Sept. 1977 .

Ke kez , M M.. Sasi c . P. . Ma konmask i, ..~,Il , The Use of Shock Tube and Shock Wave Concepts in the Physics of Electrical and Optical
Gas Breakdown. 11th International Symposium on Shock Tubes and Waves . Seattle , Washington , 11.14 July 1977.

Kind , R.J. . Wardlaw , R.L . The Deve lopmmment of a Procedure for Ihe Design of Rooft o pi Against Gravel Blow-Off and Scour
in llugh W inds. Proceedings, Symposiuiti on Roof Technology National Bureau of Standards , Gaithersburg, Maryland, U.S.A.,
2 1-23 Sepie mmmber 1977 .

Langton , K. , M.i~ Isaac , liD. Hybrid Contputer Models as an Aid in Design of Gas Turbine Control Systems for Helicopters.
Proc. Sunmmer (‘ummputer Sinmulation Conference , Clticago , July 1977 , AFIPS Press pp. 2 19-227.

1,,okin . u .S.. i urnhull . J I  ‘“ I he 1-conom ics suf Heal Recovery Systems for Animal Shelters. 1977 Seminar of the Int. Centre
hs mr I lejt and Miss Transfe r , I)ubrovnik , Yugoslavia, Aug. 1977.

%t.u kuu ma ujs i. A ll. , Pie t r / ~ Is . / ,,A.* * *  Numerical Simulation of the Laser Solenoid Experiment. 13th Int. Conference on
Phcnuumtm en-j  in luunized Gases , Berlin, 12- 17 Sept. 1977.

Makomashs u . Al l . .  Ss ’uddcr , I).A .”~~ , Pietrzyk , Z, A. *** , V las es , G.C,* * * *  A Study of Laser Induced Plasma Motion in a
Ssilenoidal M,ie netis l ucId . 11th International Symposium on Shock Tubes & Waves , Seattle , Washington , 11-14 July 1977 .

Or li k- Ruck enmann , K .J . [-‘ s perinienta l Separation of Pitching Moment Derivatives Due to Pure Pitching and Vertical Acceleration.
Prese nted at A IAA Atmos pheric Flig ht Mechanics Conference in Hollywood , Florida , A IA A Paper 77-1159 , 8-10 August 1977.

Panarella , F.. The REX IMPLO Experiment: High Frequency Pulsed Compression of Pre-lonized Deuterium Gas. Proc. 8th
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