


TRAIN WITH THE 
NUCLEAR INDUSTRY'S LEADER, 

AND YOU COULD END UP 
LEADING THE INDUSTRY. 

Over half the nuclear reactors in America are 
operated by one organization. The United 
States Navy. 

• The technology is the most advanced 
in the world. The men in charge are the 
industry's best. That's why the Navy Nuclear 
Propulsion Officer Candidate Program 
is among the most sophisticated 
training available. 

It has to be! 
College juniors and seniors who qualify 

for the program can earn $1,200 a month 
while still in school. In addition, you get a 
$4,000 bonus upon entrance into the 
program and an additional $2,000 when 
you complete your Naval studies. 

And, as an officer in today's Nuclear 

Navy, you receive a year of paid graduate
level training- gaining the experience and 
credentials that can put you at the forefront 
of the nuclear industry. 

You must be a U.S. citizen, 25 years 
of age or younger upon commissioning, 
working toward a bachelor's or master's 
degree. You must also have completed a 
minimum of one year each of calculus and 
calculus-based physics with a "B" average 
or better. 

1£ you're thinking about a career in the 
nuclear field, start at the top. And lead 
the adventure as a Navy officer. You can 
apply after your sophomore year. Call 
Navy Management Programs for more 
information. 1-800-533-1657. 

NAVY )f.OFFICER. 
~~e-1:~~-T;.;~~B:r&i.ie~~ 

You are Tomorrow. You are the Navy. 
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Tech Engineers Need More Space 
Virginia Tech and the University of Virginia have historically always had 

their differences. Most of these differences are due to the typical "our 
school is better than yours" attitude prevalent among competing state 
schools. However, a far more serious discrepancy exists between the two. 

While Tech's College of Engineering and UVA's Engineering School are 
both state-funded institutions, they are not created equal. On the basis of 
laboratory and classroom space per student, they are not even close : 
Tech has 57 net square feet per student; UVA has twice as much, at 114 
net square feet per student. Shocked? So am I! 

This information was made known recently in a number of before-class 
speeches made by Student Engineers Council representatives. The 
speeches were made to promote a petition now circulating which calls for 
action on the lab and classroom space issue. 

The petition, penned by SEC president Julie Feil, calls for the Virginia 
Assembly to fund the building of a .$25 million engineering/architecture 
building at Tech. Seventy percent of the building would be designated for 
engineering classrooms and lab (the rest going to architecture), and.this 
would greatly improve the College's net area per student figure. If you don't 
think the UVA stat is significant, consider this : of the 44 publicly supported 
engineering colleges in the U.S., guess where the home of the Hokies 
ranks in terms of area per faculty? That's right, dead last. 

The space per student or faculty member ratio is more important than 
you may think. Crowded classrooms and labs could be detrimental to the 
instructional effectiveness of the College. You may notice this in a less
than-stimulating classroom. More significantly, the Accreditation Board 
may notice this the next time they visit and not accredit your academic 
program. And where will you be with no accredited degree? 

I strongly urge you to sign and support the SEC's petition. With the new 
building constructed, Tech's space per student and faculty would be much 
more in line with other schools: in the ranking of publicly supported engi
neering schools, for example, Tech would jump from 44th to approximately 
34th. Tech's accreditation status would be much more secure in this 
situation. What's more, every student would stand to gain from new facili
ties. That is, unless you enjoy having classes at the Lyric. 

Tech needs more space for its engineering students. This is one differ
ence with UVA which should be settled. 

A~~ 
Andrew E. Stalder 
Editor 

Editor's Notes: 
The Engineers ' Forum would like to thank the following departments for their contribu

tions to the Technical Writing Contest prize fund: Aerospace and Ocean Engineering, 
Agricultural Engineering, Chemical Engineering, Civil Engineering, Electrical Engineering, 
Engineering Science and Mechanics, Industrial Engineering and Operations Research, 
Materials Engineering, Mechanical Engineering, and Mining and Minerals Engineering. 

Cpntained in this issue are the winners of our 5th annual TechAical Writing Contest. Due 
to the unusually low number of entries, only two papers were judged worthy of prizes. First 
prize of $100 was awarded to Richard D. Robinson for his paper on sweep effects. And 
second prize of $75 was awarded to George T. Zabijaka for his paper on superconductors. 
The Engineers ' Forum is now accepting entries for its 6th annual Technical Writing contest. 
lnteres~ed students should contact the Forum at 112 Femoyer Hall, or at 961 -7738. All entries 
must be received by April 28, 1989. 
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Inside the New Phone System 
by Tom Glaab 

When Tech students returned to campus this year, 
they found an inter~~ting new addition to the drab 
old dorm rooms. D1g1tal telephones, with capabili

ties never seen on an ordinary phone, had become a part of 
on-campus life. These phones, and the new cable television 
hookups, are part of Tech's new $13.5 million telecommuni
cations system. 

Tech is not the first school to attempt connecting such a 
large scale voice and data network, but it is the first to suc
ceed. Columbia University in New York started about six 
months before Tech, but has since fallen six months behind 
Tech. Several other schools, such as McMaster University in 
Canada and Brigham Young University have installed the 
digital ROLM phones, but they primarily use the system for 
voice communications. 

The heart of the new phone system is the IBM 9751 compu
terized branch exchange (CBX). This computer handles 
voice and data traffic simultaneously on campus, and voice 
traffic between campus and C&P Telephone. It also replaces 
the Centrex system previously used by the University. 

There are several versions of the ROLM phone, made by 
ROLM, the Santa Clara, California, subsidiary of IBM. The 
low-end ROLM phone 120D has been installed in dorm 
rooms, while the more sophisticated ROLM phones 240D 
and 400D are being used by some faculty. But the "D" is the 
important point here; it indicates that the phone is equipped 
with an RS-232C data connection. With the proper serial 
cable, which costs between $10 and $30, a user can connect 
his computer to the phone and access a variety of data 
services. 

r 

On campus, data traffic can be handled at speeds up to 
19200 baud, with 9600 baud standard. Most of the services 
available through LOCALNET and conventional dial-in lines, 
such as the VTLS computerized card catalog and the main
frames located in Burruss Hall (VTVM1, VM2, and the VAX 
cluster), are available through the CBX. But the services that 
are getting the most attention from students are the electronic 
bulletin boards (BBS's). 

Since running a bulletin board does not tie up a voice 
~hone line and costs almost nothing to run (except a lot of 
time), students have been creating their own bulletin boards 
at an. incredible rate. The BBSs come in a variety of "flavors," 
ranging from serious technical topics to "surfer dude" 
boards. For an on-campus student to call one of these 
b~ards, (see si?ebar for some BBS phone numbers) it is as 
simple as_ loa?1ng one's favorite communications program 
and plugging into the phone. Several communications pro
grams are available free of charge from the PC labs on 
campus. 

Once the comm program has been loaded, the CBX will 
type on the screen, "CALL, DISPLAY OR MODIFY?" To dial 
an on-campus board, type "CALL" and the 5-digit number. 
To dial one of the many off-campus boards or information 
services, type "CALL 9" and the 7 -digit phone number or 
11-digit number plus your long distance authorization c~de. 
To acce~s such services as VM1 or VTLS, type "CALL 

VTV~1 " or "~ALL VTLIB" respectively. For a complete list of 
services which can be called by name, type "DISPLAY 
GROUPS" or "D G" at the "CALL, DISPLAY OR MODIFY?" 
prom~. · 

Phone lines entering the phone system 'nodes' - the central phone computers One of the t h · . . back. · wo P one mail computers 1s m the 
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Once connected to the desired service, conduct the ses
sion in the normal manner. After logging off, the "CALL, 
DISPLAY OR MODIFY?" prompt will appear again. At this 
point you can make another call , or press the ~ata line butt?n 
on the phone twice to hang up. This button 1s the one with 
your phone number preceded by a "D." 

For off-campus students things are not so easy. At least not 
yet. To get onto the CBX, call up the incoming modem pool at 
(703) 232-2020 to get the "CALL, DISPLAY OR MODIFY?" 
prompt. Unfortunately the incoming modems can on~y handle 
calls at up to 1200 baud, and are incapable of speaking to the 
CBX at speeds higher than 1200 baud. This means that 
services such as VTLS and LOCALNET are inaccessible. It is 
still possible to call up BBS's, but only at 1200 baud or slower. 

The inbound modem pool only works at 1200 baud 
because it consists of four old 1200 baud modems that are 
incapable of matching the CBX's higher speeds, ~ccording to 
Susan Bright of Communications Network Services (CNS), 
the group responsible for telecommunications at Tech. About 
1 00 new 2400 baud modems should be installed by the 
beginning of 1989, according to John Heckert of CNS. These 
faster modems will allow off-campus users to access all the 
services of the CBX. A few 9600 baud modems may be 
installed for special uses, Debra Johnson of CNS said. There 
will probably be a fee to use these, as there currently is a fee 
to use the 2400 baud modems connected to the VM 
computers. 

Currently there are 20 outbound modems on the CBX pool, 
with another 30 on the way, and Bright said that CNS expects 
to have 128 outbound modems by June. The outbound 
modem pool currently supports calls up to 2400 baud. 

While upgrading the "front end" of the syste~ is impo.rta.nt, 
getting the system working on campus is a h1~her ~nonty, 
according to Bright. ROLM I I BM should be done installing the 
new system by the end of the year, and CNS is expected to 
take overfull control on December 27, 1988. "We wish it were 
'89 ... [we're] working very hard to get r~ady [for the switch]," 
said Bright. To prepare for running the system, several CNS 
employees are attending very rigorous classes at. IBM to 
learn the system. This differs from most IBM/ROLM installa
tions because Tech will be assuming all the responsibility for 
maintenance, instead of paying IBM to service the system. 

The bulk of maintenance will deal with hardware. The 
operating system for the CBX is written in the 'C' program
ming language. Although CNS will be able to fine-tune the 
system, they will not actually be able to modif~ t.h.e software, 
according to Don Fennell, an IBM employee v1s1tmg Tech to 
ensure proper system installation to date. 

The hardware consists of the I BM 9751 , the ROLM phones, 
the modem pools, and of course the wiring. There are cur
rently 620 trunk pairs, or phone lines. connected to C&P trunk 
pairs. These have been divided into 31 0 lines for incoming 
calls and 31 O lines for outgoing calls. Another 20 lines have 
been set up for operator assisted calls. 

Despite the relatively small number of lines to the outside 
world, they have never all been in use at once, Fennell said. 
That may change once the faculty is connected to the CBX, 
but Fennell expects that the faculty will make most of their 
calls during the day, and the students will make most of their 
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calls at night, avoiding a conflict. "We have the capability for 
more trunks," Fennell said, but he doubts that there will be a 
need for them. 

The C&P trunks meet Tech's system in two locations: 
Cassell Colliseum and Burruss Hall. From there the trunks 
are distributed to four other switch rooms over fiber optic 
cables. These switch rooms are located in Hillcrest, Shanks, 
and Owens Halls, and at the Corporate Research Center by 
the Tech Airport. From these switch rooms, lines are sent to 
individual buildings and floors. The switch room locations 
were selected because "there was room there" and for their 
location, according to Bright. I BM claims that a signal will only 
travel 4500 feet from a switch room, which was potentially a 
problem for Special Purpose Housing, which is about 5000 
feet from the nearest switch room in Hillcrest. Fortunately 
"I BM tends to be conservative" when writing the manuals, 
Bright said. If the phones had not reached that far, CNS would 
have provided analog phones with separate data connec
tions for Special Purpose Housing, and would not have 
charged the residents anything additional. 

CNS is attempting to connect the entire University to the 
CBX, from the farms outside of town to the Northern Virginia 
Graduate School. Because of this everyone will have to learn 
the new system, but "the important part is learning about the 
switch firsthand," said Bright. Brian Martin, Sy sop of the Short 
Circuit BBS and author of software that adapts standard BBS 
software to the special needs of the CBX, thinks the CBX is 
great. File transfers at 9600 baud is a great convenience, and 
going home to his 1200 baud modem was almost painful. 

CNS expects the new system to last for at least 20 years, 
and Susan Bright feels that there are a lot of "positive notes" 
about the system. 

For further information about the CBX, call CNS at 232-
3000 or visit them in 230F Burruss Hall. 

This is a partial list of BBSs available in Blacksburg, 
both on and off campus. All are open 24 hours a day and 
work at 300 and 1200 baud. Most off-campus boards 
also work at 2400 baud. 

Betelgeuse ...................... (703) 951-2191 
The Bible BBS ................... (703) 552-5488 
BIS ............................. (703) 951-2920 
The Coconut Telegraph ........... (703) 953-0605 
The Discovery ...... : ............ (703) 552-9197 
Maximum Drift ................... (703) 951-8377 
The Orb ........... . ............. (703) 552-9433 
The Rum Keg ................... (703) 382-6816 
The TARDIS ......... .. .... . . . ... (703) 951-9461 
The Vector Vale .................. (703) 552-6427 
VTB BS .......................... (703) 231-7 498 

* On Campus Boards * 
The Blacksburg Works ..................... 26165 
The Lightning Express ............ . ... . .... 25013 
The Magic Bus ....................... ... . 25153 
The Short Circuit . .. . .. . .. ... ........ . ..... 23405 
Surf City ... . ............................. 23337 
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Engineering a Racing Bicycle 

by Michael Dalton 

You've seen them around campus. They lap the drillfield 
monotonously, backs arched over their lightweight 
twelve-speeds. Their clothing is distinctive: tight black 

shorts, brightly-colored shirts, helmets and even goggles. 
They're the bike racers of Virginia Tech. And if you've ever 
paid even the slightest attention to their machines, you 've 
probably wondered : how can that frame be so thin? What 
goes into the designing of the bike? These questions will be 
tackled in this article, in which we look at the engineering of a 
racing bike. 

The goals for a racing bike are rather straightforward : the 
cyclist desires a bike which is light, strong, and comfortable. 
Only when these conditions are satisfied can the cyclist 
achieve what he ultimately desires, the maximum speed 
possible while still maintaining control. To achieve these ideal 
design characteristics, every piece of the bike must be care
fully conceived, from the frame and its geometry down to the 
smaller braking and gear-changing mechanisms. We will 
approach our analysis in this direction : from the frame (and 
frame materials selection) down to the smaller mechanisms 
on the racing bike. 

Engineers' Forum 

A number of different specifications affect a frame 's per
formance. The seat angle and head angle establish the 
amount of control the cyclist will have. By changing these 
angles, such dimensions as the wheelbase and length of the 
top bar can be varied. Control of the bike, be it at high or low 
speeds, is better if the wheelbase is shorter. If the two men
tioned angles are high (usually aroung 7 4 or 75 degrees), a 
shorter wheelbase is attained. Control of the bicycle can be a 
life or death situation at speeds of forty-five miles per hour or 
higher. At such speeds quick action might have to be taken in 
order to avoid some object in the road. At the same time, slow 
speeds are encountered even in racing, especially if the 
racer is turning a sharp curve. Control is better maintained by 
a frame with large seat and head angles when turning at slow 
speeds or when avoiding danger at high speeds. 

Most bikes are made with a short wheelbase and front cen 
ter by increasing the head and seat angles; but fora very tall 
cyclist, the top bar length should be long enough so that he is 
comfortable and in control. Lowering the seat angle and 
keeping the head angle constant might suffice for such a 
problem. As stated before, rider comfort (without sacrificing 
control) is one of the goals of a racing frame. 

A SEAT ANGLE 

B TOP BAR LENGTH 

c HEAD AN~LE 

D RAKE 
E FR,oN T CEN'TE ~ 

F WHEE.\...Gll. SE. 
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Narrow tires are essential for racing because they are 

lighter, more aerodynamic, and have less friction with 

the road. 

Another element of the frame that affects both control and 
comfort is the fork. The fork of the bike absorbs some of the 
shock that comes from rough roads. To understand the func
tion of the fork, consider a track bike (for racing in velodromes 
and such). The fork of a track bike is relatively straight (almost 
no rake) compared to a road bike. (Rake is the distance from 
the center of the wheel to the centerline of the fork) . Because 
track bikes are ridden on smooth surfaces, little rake is 
needed. Road bikes have a larger rake to compensate for the 
vibrations experienced on rougher roads. The concept 
behind this idea is to allow some of the shock to be absorbed 
by the material of the fork itself, allowing for a smoother ride. 
By having curvature in the fork, not all of the force is transmit
ted to one's arms; this is in contrast with a track bike. 

Vibrating forks do not feel encouraging, since one might 
think of them breaking under the stress of riding - especially 
at fifty miles per hour. This is very unlikely to happen, though, 
considering the materials that go into a bicycle. In their striv
ing to decrease wei.ght while increasing strength and rigidity, 
companies go so far as to examine crystal structures of the 
'parent metals' and alloying substances. 

Most commonly seen today is the steel frame. Chemically, 
steel is carbon in an iron matrix. The steel used in bicycles is a 
chromium/molybdenum steel, and it has its advantages and 
disadvantages. Steel is malleable and very ductile; therefore, 
it can be worked with very easily. It has good strength and 
rigidity, making it a good material for the fork. The perfor
mance of steel under loading is never a big concern , but its 
relatively high weight is. Steel is heavier than most of the 
materials now used in the bicycle industry. 
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Reynolds Aluminum has developed many steels that are 
used in bicycle frames, such as Reynolds 531 . This material 
is better than t~pi?al steel, since the walls of the frame tubing 
constructed with 1t are only about a millimeter thick. Thus the 
fram~ is lighter since less material is used, yet it is still strong. 
Aluminum, on the other hand, is rather light, but at the same 
time is not as strong as steel. In a fall or crash, an aluminum 
frame would suffer more damage than would a steel frame. 
Aluminum is not as rigid as steel, but exhibits a better ride 
quality due to this flexibility : the material itself absorbs some 
of the shock from the road. 
. A relatively new material to cycling is titanium. Used mostly 
~n the aerospace industry, titanium surfaces in the bicycle 
1~dustry because it possesses the magic properties of both 
lightness and strength. Although titanium is not used widely in 
the U.S., the Italians have been using it for six years now. The 
material has the advantages of both steel and aluminum, but 
none ~f the drawbacks. Titanium is very strong, rigid, and 
much lighter than steel or aluminum. It also exhibits an extra 
quality that is not as prevalant with the other materials : shock 
dampening. 

Shock dampening is the ability of the material to take up the 
shock of riding within its molecular structure, allowing for a 
more comfortable ride. What feels like a 'pang' with the steel 
frame would feel only like a 'thud ' with titanium. But there is 
one drawback to titanium, and that makes itself known when 
the frame is welded. A certain grade of titanium known as 
3.0/2.5 (3% aluminum and 2.5% vanadium) is used here in 
the U.S. In order to maintain a strong welded joint with tita
nium, t~e joint must be kept clean with non-reactive gases, 
called 1~ert gases. If this is not done, the joint may become 
contamin~ted and thus weak. "Welding will rob the joint of its 
strength since the material itself changes slightly as a result 
of the heat," comments professor Guy Wilson of the Materials 
Engineering department. Wilson also mentions that titanium 
tends to be rather brittle, making the metal harder to work 
with, as opposed to steel. 

The method of construction can also affect both the 
frame's strength and weight. Double-butting is the process by 
which the tubing of frame and fork are constructed so that a 

minimum amount of material is used, while still maintaining 
the needed strength. If you tap the frame in the center lightly 
and then move toward a joint, you might notice that the sound 
at the center is higher-pitched than at the joint, because the 
tube is thicker here. In this process, the quantity of material is 
balanced with the strength needed to maintain the stability of 
the bike. 

The performance of the bike's rolling wheels obviously is 
important to the racing bike. The wheels consist of the rim, 
spokes, a tire and the hub. The hub is simply the middle 
portion of the wheel that attaches to the fork and the spokes. 
In turn, the spokes are connected to the rim. There are two 
types of rims : clinchers and tubulars. Clinchers are simply the 
normal rim on which, as the name implies, the rim 'clinches' 
the tire. A tube is also inside the tire. In contrast, the tube and 
tire for tubular rims are as one. The tire-tube combination is 
attached to the rim with glue. The walls of the rim are also 
smaller on the tubular. To preserve the integrity of the tire
tube and the glued connection, the tires must be deflated 
when not in use. 
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Both clincher and tubular rims are generally constructed of 
an aluminum alloy tor lightness and rigidity. Rim rigidity is 
important since the rim supports the concentrated weight of 
the cyclist. Stress from the road over long periods of time 
might fatigue the rims it they are not made of the proper 
strength material. One process which can ensure this 
strength is anodizing. Anodizing is a heat treatment of the rim 
surface that renders it a black color and a little more rigid on 
the surface. 

The design of the rims is crucial to their performance, too. 
Some have flat inner surfaces, while others attempt to cut 
down on air resistance with a more aerodynamic design. One 
attempt in cutting down air resistance is the disk wheel. The 
disk is used in place of th~ spoke system that one normally 
sees. As Conrad Woo, a biker here on campus, describes the 
disk, "It's a strong composite that's very lightweight." The 
only drawback is when a side wind hits the disk. Thenthe bike 
can be more difficult to control than a conventional spoke
wheeled bike. For this reason, spokes are usually the pre
ferred choice tor road-racing; disks are primarily tor track 
competition. 

Spokes can be flat tor better aerodynamics, or the tradi
tional round shape. In either case, they are almost always 
stainless steel. For spokes, the most strength possible is what 
the racer wants. Their weight is not really significant. 

Racing tires are designed to provide the minimum amount 
of rolling resistance, while still providing necessary traction. 
Most racing tires are 'slicks,' with only a minimal amount of 
tread to remove water or dirt on a less-than-ideal course. Tire 
width controls the amount of friction with the road. Racing 
tires tend to be under an inch in width. The tire pressure in 
such tires is usually around 105 pounds per square inch. This 
pressure keeps very little of the tire in contact with the road, 
thus cutting down on friction. All of these factors contribute to 
the cyclist's speed, of course the paramount goal in racing 
bike design. 

The bike's smaller mechanisms are crucial tor a sate and 
controlled fast ride. Derailleur systems, braking systems, 
sprockets, freewheels and pedals are among these vital 
mechanical pieces. The latter three devices have seen some 
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This is the popular new Biopace sprocket, 
which uses an elfiptical shape to maximize 
pedalling efficiency. 

interesting innovations recently. The first and most intriguing 
development is probably the new 'Biopace' sprockets tor the 
crank set. Normally, the front sprocket on a bicycle is circular. 
That seems logical, but this may not be the most efficient 
shape. 

It a biker's power comes in mostly on the downstroke, then 
the Biopace sprocket is perfect tor the job. It evens out the 
power distribution, by increasing the distance from the pedal 
to the center of the crank arm. While a large-radius sprocket 
transmits more power, a smaller-radius sprocket is easier to 
pedal. With this in mind, engineers combined the two in an 
'elliptical-like' shape, where the widest portion of the sprocket 
is in line with the pedals. The result is that when you push 
down on the pedal, it is like pushing on the bigger sprocket, 
and when your feet are on top of each other, the radius 
decreases in proportion with the decrease in your work 
ouput. This makes tor a smoother, easier pedalling motion 
with the Biopace sprocket. 

Attached to the crank are, of course, the pedals. After the 
standard pedal came the toe-clip pedal and now, very widely 
used, is the clipless pedal into which you hook your shoe. 
Special biking shoes are required tor these pedals. When you 
buy the pedals, they come with the correct fittings that tit on 
the bottom of your shoes. Once your shoes are all together, 
you snap them onto the pedals similar to the way one puts on 
step-in skis. These pedals allow many degrees of freedom of 
toot rotation, but keep the toot very intact otherwise so that 
one cari pull upward as well as push downward on the pedal. 

Brakes on a bike are needed, of course, tor stopping, but 
they also provide a means of control. With some new braking 
systems, a modest tug on the brake will be enough to bring 
the bike's speed under control. As stated before, it is speed 
under control that the racer desires, not reckless speed. New 
high heat-dissipating materials have seen recent application 
to bike braking systems. The reason tor this is that brakes 
which remain relatively cool retain consistent stopping char
acteristics, no matter what the conditions. This is obviously 
beneficial to the racer. 

Much engineering goes into the racing bike of today. So the 
next time you see a Virginia Tech bike racer, maybe you'll 
have more of an appreciation tor the machines they ride on. 
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Sweep Effects on Stall Hysteresis 
at Low Reynolds Numbers 

by Richard D. Robinson 

ABSTRACT 

W ind tunnel tests were conducted using the Wort
mann FX-63-137-ESM airfoil section to determine 
the effect of sweep on stall hysteresis at low Rey

nolds numbers. The aerodynamic characteristics of a 
straight, 15 degree backward swept, 30 degree backward 
swept, and 15 degree forward swept wing were determined. A 
naphthalene sublimation technique was used to visualize the 
laminar separation bubble. The results show that stall hys
teresis is a function of both Reynolds number and sweep. The 
stall hysteresis phenomenon almost vanishes tor the 30 
degree backward swept wing, and disappears entirely for the 
15 degree forward swept wing. Therefore, backward sweep 
angles greater than 30 degrees may eliminate stall hystere
sis. The 15 degree forward swept wing did not exhibit the 
predicted behavior of having a higher lift coefficient than the 
backward swept wings. 

INTRODUCTION 

Current interest in high altitude, station keeping aircraft and 
low altitude, remotely piloted vehicles has prompted investi
gation into the aerodynamic behavior of wings at low Rey
nolds numbers. One difficulty encountered at low Reynolds 
numbers is stall hysteresis, which is the failure of an aircraft 
wing to regain its lift after it has stalled. The effect of stall 
hysteresis can be disastrous, since the angle of attack must 
be reduced substantially in order to recover lift. Wind tunnel 
tests were conducted in the Virginia Tech Stability Wind 
tunnel to determine the effect of sweep on stall hysteresis at 
low Reynolds numbers. 

The similarity parameter Reynolds number is defined by 
the expression 

Re = F(rVL,m). 
Where r is the density, V is the free-stream velocity, L is the 
characteristic length, and m is the viscosity. In this case, the 
characteristic length is the chord length the distance from 
leading edge to trailing edge, parallel to the tree-stream 
velocity. Therefore, the Reynolds number represents a ratio 
of inertial forces to viscous forces. 

Hence, a low Reynolds number flow implies one where 
inertial forces exert less influence, while viscous forces exert 
more influence, than in a high Reynolds number flow. Flows 
with a Reynolds number between 50,000 and 500,000 are 
considered to be in the low Reynolds number range. For 
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example, at sea level conditions, an arcraft with a chord 
length of one toot and a velocity of 21 .4 miles per hour would 
have a Reynolds number of 200,000. At an altitude of 50,000 
feet, an aircraft with a chord length of one toot and a velocity 
of 11.1 miles per hour would have a Reynolds number of 

200,000. 
Hysteresis is defined as the failure of a property, that has 

been changed, to return to its original state when the cause of 
that change has been removed.Hence, stall hysteresis refers 
to the failure of a wing to regain its lift after it has stalled and 
the angle of attack has been reduced. An example of this 
phenomenon is given in Figure 1. In a stall hysteresis loop, the 
angle of attack must be reduced substantially in order to 
regain the same amount of lift present before stall. 

Re - 100,000 

.B 

Ot 

FIGURE I: TYPICAL ST ALL HYSTERESIS LOOP 
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FIGURE 2: LOW ALTITUDE REMOTELY PILOTED VEHICLE 

(PROVIDED BY DR.]. WOLKOVITCH) 

The stall hysteresis loop is due to the presence of a laminar 
separation bubble. The creation of a laminar separation bub
ble will now be described. As the upper surface flow moves 
toward the trailing edge, the pressure increases this is called 
an adverse pressure gradient, since the pressure is pushing 
against the flow. Due to his adverse pressure gradient, the 
laminar flow near the surface slows, then reverses direction. 
The point where the velocity near the surface is zero is 
termed the separation point. 

The reversed flow is considered separated flow. This 
separated flow experiences a laminar to turbulent transition 
in the separated shear layer and reattaches. The point· f 
reattachment occurs where the velocity near the surface is 
again zero. This point closes the laminar separation bubble. 
The reattached flow is turbulent, and may again separate 
near the tratling edge. As the angle of attack is increased, the 
turbulent separation point moves forward and the separation 
bubble elongates. 

If no laminar bubble were present and the separation point 
were to move all the way forward, the lift would decrease 
smoothly after stall. However, with a laminar separation bub
ble, as the separation point and laminar bubble move toward 
each other, the lift can decrease sharply when they meet and 
the laminar separation bubble "bursts" causing complete 
upper surface separation. 
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The angle of attack where this separation occurs depends 
on -Reynolds number. After stall, the angle of attack must be 
decreased substantially in order to reconstruct the laminar 
bubble, and therefore regain lift. 

It has been proposed that sweeping a wing could eliminate 
the stall hysteresis loop. Some researchers have tried to 
study this by yawing a straight wing. One problem with yawing 
a wing is that in doing so, one changes the wing's cross
sectional characteristics. For instance, if one were to yaw a 
straight wing, the effective airfoil section seen by the flow 
would be changed. Since the chord length is defined parallel 
to the free-stream velocity, if the wing is yawed, the chord 
length is elongated and with it, the cross-sectional shape of 
the airfoil is "stretched." It is therefore important that sweep 
effects be studied by varying a swept wing rather than a 
yawed wing. 

Most past research on stall hysteresis at low Reynolds 
numbers has concentrated on the straight wing. For example, 
in Marchman, et al1, the effects of aspect ratio for a straight 
wing are investigated. However, the only geometric variable 
in this study is aspect ratio. Since even low speed aircraft 
often have some wing sweep, it seems prudent to investigate 
the effect of sweep on stall hysteresis. 
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An excellent example of a swept wing configuration 
designed tor operation in the low Reynolds number range is 
the joined wing concept developed by Dr. Julian Wolkovitch2. 

A drawing of a high altitude, remotely piloted vehicle is shown 
in Figure 2. In this design, the rear wing is forward swept and 
the front wing is backward swept. 

Although the rear wing is forward swept. a straight wing 
could be used instead. These aircraft have a high aspect 
ratio, and a short chord length. It is important to understand 
the aerodynamic characteristics of both wings, so the behav
ior of the vehicle can be predicted. 

A forward swept wing should have better lift characteristics 
than a backward swept one. For a backward swept wing, stall 
begins at the tip and progresses inward. In the case of a 
forward swept wing, stall begins at the wing root and pro
gresses outward. In most aircraft with forward swept wings, 
the presence of a fuselage at the wing root alleviates the 
tendency tor the inboard section to stall. Therefore, a forward 
swept wing should have a higher maximum lift coefficient 
than a backward swept one. 

In order to study the effect of both forward and backward 
sweep on low Reynolds number stall hysteresis, a set of 
model wings was construted, all having the same chord, 
aspect ratio, and airfoil section, but with different sweep 
angles. This enables all the wings to have the same cross
sectional characteristics, with the only geometric variable 
being the sweep angle. Wings were tested with sweep angles 
of 15 degrees forward, zero degrees (straight wing), 15 
degrees backward, and 30 degrees backward. 

EXPERIMENTAL PROCEDURES 

The airfoil section used tor these experiments was the 
Wortmann FX-63-137-ESM. All models had an aspect ratio of 
six, and a chord length of five inches hence, a span of thirty 
inches. The models tested had sweep angles of fifteen 
degrees forward, zero degrees (straight wing), fifteen de
grees backward, and thirty degrees backward. The models 
were truly swept, as opposed to being yawed. The forward 
and backward swept models were made by a graduate stu
dent. Mr. Young K. Chang, tor his doctoral thesis. The straight 
wing model was built for earlier tests. 

These models were tested in the Virginia Tech Stability 
Wind Tunnel, which is a closed circuit tunnel with a fourteen 
toot diameter tan powered by a 600 hp motor. The tunnel has 
seven anti-turbulence screens and a large air exchange 
section between the tan and test section their combined 
effect being to give very low turbulence levels. The test 
section measures 6 x 6 x 25 feet. 

The models were bolted to a strut balance tor testing. 
Shrouding was placed around the strut balance, to prevent 
forces on the strut itself. The angle of attack was controlled by 
a Hewlett-Packard 9836 computer via relays and a model 
actuator. The angle of attack was obtained from an electronic 
inclinometer. This inclinometer was recalibrated prior to each 
series of tests. 

After model geometry data were entered into the computer, 
tare readings were taken and the wind tunnel was brought up 
to speed. The angle of attack was increased from negative 
twelve degrees, through stall (in two degree increments), 
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FIGURE 3.: 

FLOW VISUALIZATION SKETCH OF 30 DEGREE 

BACKWARD SWEPT WING (Re - 100,000) 

then back through the hysteresis loop, until it closed. This was 
done tor each of the wings, at Reynolds numbers of 100,000 
and 200,000. Each test was repeated at least twice to ensure 
accuracy and repeatability. 

Flow visualization tests were made after completing the 
aerodynamic characteristic tests. An example of the results 
of flow visualization is shown in Figure 3. These visualization 
tests enable the size of the laminar bubble to be readily 
identified. Each wing (except the straight one) was tested at a 
Reynolds number of 1 00,000. The angles of attack used were 
two, six, and twelve degrees. 

For flow visualization, a solution of naphthalene and trichlo
roethane was sprayed on the model prior to starting the wind 
tunnel. The trichloroethane evaporates during the spraying 
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film appears white and contrasts with wing's dark red color. 
The naphthalene then sublimates as a function of the rate of 
mass transfer over the wing surface. This permits visual 
detection of the laminar separation bubble, since mass 
transfer in the separated region is different from that in the 
attached flow. The results of this flow visualization can then 
be photographed tor a permanent record. 

DATA AND RESULTS 

Some wind tunnel tests used to get the derived aerody
namic data had previously been conducted by Mr. Young K. 
Chang; however, these tests were repeated to verify the 
earlier results and to gather data for this paper. The data 
presented herein include results from both of these tests. 

For the effect of Reynolds number on the straight wing, the 
hysteresis loop moves to the right with increasing Reynolds 
numbers, and stall is delayed. However, an abrupt stall is 
present suggesting the "bursting" of a laminar bubble. In the 
case of the 15 degree backward swept wing, the hysteresis 
loop again moves to the right with increasing Reynolds 
number. Like the straight wing, stall is delayed, but an abrupt 
stall is present. 

It appears that the hysteresis loop tor the 30 degree back
ward swept wing is present tor a Reynolds number of 
1 00,000. However, the hysteresis loop appears to have van
ished at a Reynolds number value of 200,000. The lift curve 
moves to the right with increasing Reynolds number. With 
increasing Reynolds number, stall is delayed and the maxi
mum lift coefficient increases. 

In the case of the 15 degree forward swept wing, Reynolds 
number does not appear to have a significant effect on the lift 
curve. No hysteresis loop is present in the 15 degree forward 
swept case. There is some scatter, due to experimental error 
possible in post stall flow. 

The above data have shown that stall hysteresis behavior 
is dependent on Reynolds number. Therefore, when studying 
the effects of sweep, data must be examined at a single 
Reynolds number value. The straight wing produces the 
highest maximum lift coefficient with the 15 degree backward 
swept wing being the next highest. Both of these wings exhibit 
an abrupt stall due to the "bursting" of the laminar separation 
bubble. 

The 15 degree forward swept wing shows a severe decline 
in maximum lift coefficient with the 30 degree backward 
swept wing having the lowest maximum lift coefficient. Both 
of these wings exhibit characteristics of leading edge stall 
meaning the flow has separated over the wing 's entire upper 
surface, at the leading edge. The stall hysteresis loop is 
present in the straight, 15 degree backward swept, and 30 
degree backward swept cases. No stall hysteresis loop is 
present in the 15 degree forward swept case. 

The lift curve slope tor a Reynolds number of 200,000 tor 
every wing is almost identical, except for the 30 degree 
backward swept wing. The slope tor the 30 degree backward 
swept wing is less than that of the others. The relationship of 
the maximum lift coefficients is the same as in the 1 00,000 
Reynolds number case. A stall hysteresis loop is present in 
the case of the straight and the 15 degree backward swept 
wings. However, the hysteresis loop has vanished tor the 30 
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degree backward swept and 15 degree forward swept wings. 
In both cases, the curves show some scatter, due to the 
normal variability of post stall lift. 

The results of the flow visualization tests are entirely those 
of the author, presented in Figure 3. Because of the difficulty 
of reproducing photographs for presentation in a paper, the 
results have been sketched so they may be seen more 
clearly. A sample photograph, however, has been included 
for each wing. As mentioned earlier, flow visualization ena
bles the size of the laminar separation bubble to be readily 
identified. 

The laminar bubble shrinks as the angle of attack is 
increased. For the 30 degree backward swept wing (Figure 
3), the laminar bubble also shrinks with increasing angle of 
attack. At alpha equals six degrees, the laminar bubble on the 
inboard half of the wing is quite small compared to that on the 
outboard half. At alpha equals twelve degrees, the laminar 
bubble has almost vanished. For the 15 degree forward swept 
wing, the size of the laminar separation bubble also shrinks as 
the angle of attack is increased. The laminar bubble moves 
outboard with increasing angle of attack. Unlike the back
ward swept cases, however, the bubble seems to disappear 
altogether over the inboard portions of the wing. 

CONCLUSIONS · 

The results presented above show that the behavior of the 
stall hysteresis phenomenon, at low Reynolds numbers, is 
both a function of sweep angle and Reynolds number. These 
results show that an unswept wing has the highest value of lift 
coefficient. 

Based on the lift coefficient data, it appears that seep may 
eliminate the stall hysteresis loop. At a Reynolds number 
value of 200,000, thirty degrees of sweep is enough to make 
the hysteresis loop vanish. However, at a Reynolds number of 
100,000, the stall hysteresis loop is still present. Therefore, 
sweep angles greater than 30 degrees may cause the hys
teresis loop to vanish completely at both values of Reynolds 
number. 

By sweeping the wing forward 15 degrees, the stall hys
teresis loop has vanished. The ability to get rid of the hystere
sis loop is accompanied by a loss in the maximum lift coeffi
cient. The forward swept wing stalls early at an angle of attack 
of about 4.2 degrees, whereas the 30 degree backward 
swept wing stalls at approximately 10.2 degrees, for a Rey
nolds number of 100,000, and 16.2 degrees, for a Reynolds 
number of 200,000. 

These results are not in accordance with the expected 
behavior of the forward swept wing stall should be delayed, 
compared to the backward swept wing. This diminished per
formance of the forward swept wing warrants further investi
gation. One possible method of investigation would be to look 
at the pressure gradient, and see if it agrees with the aerody
namic characteristic and flow visualization results. The pres
sure distribution on the forward swept wing and backward 
swept wing could be compared. 

Since the forward swept wing will stall before the backward 
swept wing, instabilities result tor a joined wing configuration. 
For stability reasons, the front wing should stall first, creating 
a nose-down pitching moment and enhancing lift recovery. In 
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order to implement a stable joined wing configuration, the 
rear wing could be a straight one. This would permit the front 
wing to stall first, since the straight wing stalls at approxi
mately 13.2 degrees, for a Reynolds number of 1 00,000, and 
19.8 degrees, for a Reynolds number of 200,000. 
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Applications and Outlook for 
High-Temperature Supercoriductors 

by George T. Zabijaka 

H igh temperature superconauctors have caught the 
attention of scientists, investors, corporations and the 
general public all over the world . With a wide range of 

possible applications which may have tremendous eco
nomic effects, there is great activity in high-temperature 
superconductor research. 

With research data and techniques and discoveries 
shared throughout the world, progress is at a record pace. 
Unfortunately, this great openness in research is expected to 
decline as corporations and nations (such as the U.S. and 
Japan) realize that commercialization of products means 
competition in sales and quality. Superconductors may 
create a business with sales estimated between $3 - $7 
billion a year. Annual sales of superconductor products are 
currently estimated at about $750 million. 

There will be a struggle for who cashes in on this new 
technology as the potential worldwide market is realized. IBM, 
a leader in research, is interested in high-temperature super
conductors because they could herald a revolution in several 
areas of technology, including electronics. Among other 
things, IBM has already made the first steps along the way to 
produce superconducting integrated circuits. 

Some uses and cost savings by superconductors are cur
rently in effect or envisioned in the future. Small supercon
ducting coils can produce high magnetic fields without con
suming large amounts of energy. These magnets can reduce 
costs. For example, the U.S. is considering spending billions 
on a new particle accelerator using 10,000 magnets. Plan
ners estimate that the new superconductors could cut $160 
million off the bill and reduce energy costs by 25 percent. 
Huber, an American minerals company, uses conventional 
superconducting magnets to extract the magnetic contami
nants from china clay. The industrial applications are great. 
Industry and national labs are pushing for the understanding 
of how to apply the high-temperature superconductors. 

With cost savings an integral reason for putting money in 
research, investors are studying materials cost per ampe
remeter in those applications where the critical current den
sity and strain characteri stics make the magnet technically 
feasible. For 99.9% pure components, one finds a raw mate
rials cost of $0.30/cc for YBaCuO. Assuming the finished 
superconductor is 4 times more costly than the raw materials 
(as is roughly the case for Nb3Sn wire) one can make a very 
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rough cost estimate of about $1 .20 I cc. By comparis~n, for 
multifilament Nb3Sn wire at $1 00 per pound the equivalent 
cost is $2.00/cc, 60% more expensive. With cost savings in 
current technologies a major factor in research spending, 
cost analyses are constantly being made. 

Another area that investors and corporate financial advi
sors are keeping a keen eye on is processing problems. 
Considerable difficulties must be overcome before it will be 
possible to incorporate the high Tc materials into supercon
ducting technology in any major way. After less than a year's 

study, it is not clear whether appropriate processing tech
niques can be found. But of course, it is still too early to make 
predictions and most scientists are very optimistic that cur
rent processing problems will be solved. So far, it has only 
been possible to make superconducting films with the best 
properties by a solid state reaction after deposition by heating 
to 850K. However the most serious problem will be the need 
to control the oxygen, an integral part of superconductivity. 
The ease and reversibility of the oxygen equilibrium, how
ever, gives hope that processing procedures can be found. 

With scientists busy at work with basic research, some 
large scale applications already in use and envisioned 
include: 
1 ) Magnetic resonance imaging for medical diagnostics. 
2) High strength magnets for research. 
3) Magnetic levitated trains. 
4) Ship propulsion motors and generators. 
5) Electric power station generators. 
6) Fusion and magneto-hydrodynamic power systems. 
7) Electric power energy storage systems. 
8) Electric power transformers. 
The first two items above are the only ones in which suc

cessful systems are in everyday use using standard metal 
superconductors. Designers hope these two technologies 
will use the new high-temperature superconductors in which 
liquid nitrogen is used as the coolant instead of the more 
expensive helium. For example, a body scanner using new 
high temp. superconductors, will save $17,000/yr. in operat
ing cost as compared to the current system of conventional 
superconductors. Hundreds of magnetic resonance imaging 
systems are in use in American hospitals alone. In the case of 
particle accelerators, the superconducting Tevatron at the 
Fermi National Accelerator Laboratory has demonstrated the 
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achievement of higher particle energy w1tn much lower e1e.c1-
ric power input by means of conventional superconducting 
magnets. Accelerators in the future can have a further sav
ings in coolant costs using high-temp. superconductors. 

Some of the current work in areas ot superconductor 
applications include: 

Cables: Because superconducting materials have no 
resistance, they can carry electrical power signals .with?ut 
loss. This point has not been overlooked by the electric utility 
companies, many of whom have already tested undergroun.d 
cables cooled by helium. As much as 1 0 percent of power 1s 
lost in route due to resistance in the cables. With a capital 
cost of 20 times that of conventional copper conductors, 
superconductors would come into their own if they carried 
loads of 8000 megawatts, several times the capacity of any 
current powerline. With the switch to nitrogen as a coolant for 
the high-temperature superconductors, the system is not 
only potentially economically feasible; it is believed that a 
nitrogen-cooled power cable system could save enough cur
rent to close 50 power stations in the US. However, some loss 
is caused by an alternating current, which is used in power 
transmission. With power loss approaching 5% in the US 
over-all network, superconductors would not boost efficiency 
as much as first predicted. Other nations of the world could 
be benefactors of this technology. 

Josephson junctions: Typically, a Josephson juncti~n 

consists of a thin insulating layer of oxide (about 15 ato~1c 
layers thick) sandwiched between two superconducting 
electrodes. Clusters of these junctions can be used to con
struct computer logic cimuits, memory cells, and a variety.of 
sensors. Some junctions, such as microbridges and p~int 
contact devices, can consist entirely of superconducting 
material. Josephson junctions are currently being manu~ac
tured by one company in the United States to make h1gh
speed oscilloscopes. IBM want~d to ~ake a computer that 
would operate with Josephson 1unct1ons. The goal was to 
build faster computers. The company halted its research 
because silicon improved to such an extent that it was not 
worth spending $20 million a year on research and develo~
ment in the new Josephson junctions. Currently Japan 1s 
working hard on this technology. 

Screening: Electrical and magnetic fields cannot penetrate 
superconducting materials, so they cou.ld be used to ~cre~n 
circuits from interference from nearby fields. Equally, in mil
itary applications, superconducting .screens co~ld protect 
electronics from the electromagnetic pulse emitted by a 
nuclear explosion. 

Semiconductor-superconductor hybrids: This technology 
would combine the current capabilities of both the supercon
ductor and semiconductor, taking an existing computer using 
superconductor technology to make. the inter~onnects and 
the power distribution lines that service the chips. Currently 
Japan is heavily involved in this new area. 

Magnetic levitated trains: Superconductors are used to 
generate very strong magnetic fields by use of a small system 
compared to having several large megawatt motor genera-
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tors and high field copper magnets. The Japanese have 
developed and fully demonstrated a small-scale prototype 
model of a high speed levitated train. However, because of 
the enormous capital investment in the· current "bullet trains" 
in Japan, funds in the new program have declined. It may be 
many years before the new syste~ will be consid.ered as .a 
possible transportation link. However, Japan believes this 
new train system will be for sale to other interested nations by 
1993. 

Cars: There are ideas on the drawing board for supercon
ductors to be used in the ~lectromechanical devices found 
within cars. In consideration are motors, alternators and 
actuators, which range in power from 5 to 35.00 watts. If heat 
loss could be diminished in these, they could be down-sized 
and potentially add mileage to automobiles. 

Many of these applications depend on critical current den
sity. Critical current density is the amount of current that can 
be sent through a superconductor before its resistance reap
pears. The new superconductors have reached critical cur
rents that would be acceptable for transmission purposes but 
would be only marginal for magnetic purposes. Researchers 
are trying to get critical current up to one million amps per 
square centimeter. IBM has made thin films that can carry 
critical currents of 100,000 amps per square centimeter 
which would be enough for microcircuitry purposes. The 
achievement of such current densities on production quanti
ties of YBaCuO material will require considerable additional 
materials and process development. 

Without adequate funding, productive research is not pos
sible. The National Science Foundation parceled out funds 
and the budget for condensed matter physics is virtually flat, 
rising just 0.5% to $37.2 million. The agency support for 
high-temperature superconductors climbed from $10.7 mil
lion to just 13.7 million in 1988; moreover, little of the growth is 
derived from new money. Scientist are disappointed in the 
lack of funding, for research money was expected to soar. 
However, government-funded labs and private technology 
firms will continue to press on. Currently some firms, both in 
the US and abroad, are putting a sizeable amount of their 
earnings into superconductor research and devetions men
tioned above will be further studied and developed, as more is 
learned both scientifically and economically. 

SPEAK YOUR MIND! 
Write a letter to the editor! 

Drop it by our office, 
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. THAT TODAY GO BY, TAKE A LOOK 
AT THE NEW 1989 PRELUDES, 
THEY AREA SIGHTTOLOOKAT 
AND THE WAY THEY HANDLE ..... 

NOW WHEN YOU TURN THE STEERING 
WHEEL, ALL THE WHEELS TURN. LANE 
CHANGES ARE SMOOTHER AT HIGHWAY 
SPEEDS. THE CAR IS MORE STABLE 
WHEN CRUISING. CURVES ARE MORE 

EASILY MADE, EASIER TO PARK 
AND YOU CAN TURN TIGHTER IN 

NARROW PLACES. 

GEE, WONDERIFTHEYTAKE 
SLEIGHS ON TRADE-INS 

hokle 
honda 

3100 South Main St., Blacksburg 
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Georgette Dixon likes t;o push the odds. 

• 

eorgette Dixon admits she's a risk taker. As a woman, and a black, just 
becoming an engineer beat the odds. But she hasn't stopped there. She's a member 
of GE's Edison Engineering Program, one of the most rigorous training programs 
in the field. 

In less than two years at GE, Georgette's learned far more than she ever 
thought possible. She's working not just with new technologies, but new ways 
of managing, new ways of thinking. 

Best of all, she gets free rein to make a project go. Right now she's working 
as a project manager, automating processes for Appliances and other GE businesses. 
The budgeting, scheduling, robotic programming-Georgette has to coordinate 
it all. Thall takes determination, and drive. 

GE hires people who have that extra push. Engineers who say "Can do!" ... 
and then give it their best. That's why we're the odds-on favorite in so 
many businesses . 

The mark of a leader. 
An equal OPfJOrtunity employer. 
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