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February Meeting

Topic:  Flight Test: The Avro Arrow and a Career in Aeronautical   
 Engineering 
Speaker:  Author, David Waechter
Reporter:  Gord McNulty 

Another good turnout of around 40 people, including several first-
time visitors, attended the meeting.  Guests included Gus and Clara 
Corujo, who provided excellent and much-appreciated photographic 
coverage on their website, Gusair.com (See the website updates link). 
Thank you, Gus and Clara! Chapter Volunteer Bob Winson introduced 
David Waechter, a retired professional engineer who has worked in 
research and development for his entire career. David received Bachelor’s 
and Master’s degrees from the University in Toronto in 1979 and 
1982, and a Ph.D. from Carleton University in 1987, all in electrical 
engineering. During his university studies, he worked for one summer at Canadair Limited, installing 
strain gauges on two Challenger airframes that were used for static and fatigue testing. He later worked on 
semiconductor technology used in both avionics displays and medical imaging. While manager of research 
and development at Sensor Technology Ltd., he worked on piezoelectric ceramics for aerospace and other 
applications. 

For the last several years, David has focused on researching, writing and promoting a book about his late 
father’s career as an aeronautical engineer. Titled, Flight Test: The Avro Arrow and a Career in Aeronautical 
Engineering, the book was published in 2015 by Inner Scale Publishing (www.innerscale.com). It has 
received positive reviews in both the CAHS Journal (Vol. 53, No. 3) and Airforce magazines. To date, 
David has given presentations to three CAHS Chapters (Ottawa, Calgary and Regina) and is scheduled 
for Montreal in April. Although this is his first book, he has authored or co-authored 18 papers in peer-
reviewed academic journals, 44 conference papers, and is a co-inventor for three patents. Due to his 
retirement, David is in his final year of membership with Professional Engineers Ontario (PEO). He 
is also a past member of the Institute of Electrical and Electronic Engineers (IEEE) and Toastmasters 
International. He resides in Kitchener, ON. 

David’s illustrated presentation focused on Flight Test, dedicated to his father, Ralph Waechter (1926-2012). 
The book describes Ralph’s career and the work of those with whom he worked at Avro Canada. Ralph, 
born in Kitchener, graduated in aeronautical engineering at the University of Toronto. His first job was at 
Avro Aircraft Ltd., where he worked from 1948 until 1959. He later worked at American Airlines and a 
U.S. consulting company, Aero Performance Inc., as well as de Havilland Aircraft of Canada and Canadair. 
David emphasized his father’s work at Avro, primarily because he left fascinating material about his time 
at the company after he died. In addition to his name badge, he had seven binders about flight testing and 
reports covering the Avro Jetliner, the CF-100 Canuck and the CF-105 Arrow. The documentation on the 
Arrow included a report on the interceptor’s highest speed flight. Ralph’s papers were acquired by Library 
and Archives Canada in 2016. David recently received a letter from the Archives stating that the papers 
met the criteria for “outstanding significance and national importance.” The collection extends beyond the 
Arrow to include Avro news magazines, photos and material from Ralph’s university studies, and his post-
Avro career. 

Ralph had several notable classmates in aeronautical engineering at the U of T, including Gerald Bull, 
best known for the Iraqi “Supergun” which he was working on when he was shot to death in 1990 at his 
apartment in Brussels. Daisy Pon was one of the first women to graduate in aeronautical engineering in 
Canada. Fred Matthews was among a group of 25 Avro engineers who went to NASA within ten weeks 
of the Arrow’s cancellation. William McCarter worked extensively on Arrow jet-engine work and a large 
collection of his Avro papers were donated to the Canadian Warplane Heritage Museum. William Kuzyk’s 
Avro papers were recently acquired by the Archives. 

Speaker David Waechter  
Photo Credit - Neil McGavock
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David’s parents were married in 
1954. Ralph’s colleagues at Avro 
sent him a wedding card and many 
of the signatories were former U of 
T classmates. Ralph’s fourth-year 
thesis was titled “The Future of 
Propellers with the Advent of the 
Gas Turbine and the Jet Engine.” 
It wasn’t clear how the transition 
from piston-engined aircraft to the 
gas turbine, both in turbojet and 
turboprop engines, would play out. 
He could not have chosen a more 
relevant theme for his thesis, as 
Trans-Canada Airlines was choosing 
between the Avro Jetliner and the 
Vickers Viscount to replace its DC-
3s. Canada’s Jetliner was the first 
turbojet-powered passenger aircraft 
to fly in North America; Britain’s 
Vickers Viscount was the first 
turboprop-powered airliner to fly in 
North America. The Jetliner, designed 
to TCA requirements, was the first project Ralph worked on. Unfortunately for Avro, Britain would not 
release the axial-flow Rolls-Royce AJ65 engine for civil use. Avro had to equip what was to be a twin-
engined aircraft with four centrifugal-flow Rolls-Royce Derwent engines that were not as fuel efficient and 
TCA felt the economics with the Derwent were not as good. 

The Viscount offered better fuel efficiency and was chosen by TCA. When the aircraft weights were 
identical, the Viscount could fly about 28 per cent more air miles per pound of fuel than the Jetliner. 
However, the Jetliner could fly faster by about the same percentage. The fuel efficiency gap between 
turboprop and turbojet engines started to narrow considerably by the late 1950s, so if slightly more efficient 
engines had been available sooner, the Jetliner might have had a much better chance of success. Avro tried 
to sell the Jetliner to various airlines in the U.S., as well as the U.S. military. Ralph flew on some of the 
demonstration flights, including a flight to Miami in January, 1951. A crowd of admirers flocked around the 
Jetliner and one man was photographed looking into one of its seemingly revolutionary jet engines. Ralph 
sent a postcard to his parents with a nice view of Miami from the air. 
Key figures in the Jetliner included Jim Floyd, the designer, and Joe Morley, who led the marketing with 
Dixon Speas, an American who had been the assistant to the president of American Airlines. When the 
Korean War started, the St. Laurent government became concerned about the slow progress of the CF-100 
interceptor and C.D. Howe ordered Avro to stop work on the Jetliner to concentrate on the CF-100. Sadly, 
only one Jetliner ever flew. Many observers believe the demise of the Jetliner was at least as significant a loss 
to Canada as the cancellation of the Arrow. 

Ralph showed clips from excellent videos of the Jetliner, CF-100 and Arrow created by Aviation Videos 
Ltd., produced by CAHS member James Lloyd of Victoria, B.C. Ralph moved to the CF-100 after the 
Jetliner. Designed to destroy Soviet bombers with a fusillade of rockets, the CF-100 was a success. Avro 
built a total of 692, primarily for the RCAF, with 53 to the Belgian air force. Ralph had only a small amount 
of performance data for the CF-100, showing takeoff and landing distances. He was assigned to the Arrow, 
designed as the supersonic successor to the CF-100, in 1956. The rollout of the Arrow, in October, 1957, 
dramatically illustrated how rapidly technology had advanced. One of the dignitaries was J.A.D. McCurdy, 
who made the first powered, controlled flight in North America in the Silver Dart at Baddeck, NS, in 1909.

Arrow RL 201 above the clouds starting a speed run.  
Photo Courtesy - avroarrow.org
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On the Arrow, Ralph was involved with 
Machmeter calibration and performance 
analysis. In his book, David examined 
Machmeter calibration closely to answer any 
questions about the confidence that people 
may have about the accuracy of the high speeds 
attributed to the legendary Arrow. Airspeed 
was measured using pitot tubes, with open ends 
facing into the aircraft heading and connected to 
the pressure-sensitive Machmeter.  An airspeed 

indicator is similar to the Machmeter but designed to display the results in units of speed, like knots or miles 
per hour, while the Machmeter provides the Mach number: airspeed divided by the speed of sound. The 
pitot tube was named after Henri Pitot, who was mainly interested in measuring the speed of water flow as a 
function of depth in a river. He performed this measurement in the Seine River in Paris in 1732. To measure 
the Mach number, it’s necessary to measure the total pressure in front of the tube as well as the ordinary 
air pressure, also called the static pressure, at the altitude of the aircraft. The Arrow had a pitot-static tube 
mounted at the end of its noseboom and also two other pitot-static tubes mounted on the tail fin. Avro used 
what is known as a “standard NACA (National Advisory Committee for Aeronautics) noseboom.” David 
discovered this by examining nosebooms from the Arrow in the Canada Aviation and Space Museum in 
Ottawa. NACA was renamed NASA in 1958.

There are three main sources of error for this type of measuring system: instrument error, lag error and 
position error. These are discussed in various Avro reports written by Ralph and others. Instrument error 
refers to whether the gauge shows the correct value when known pressures are applied to the input ports of 
the pitot tube or airspeed indicator, and can be easily checked. David noted that during the Arrow’s highest 
speed flight, the Machmeter was found to be reading correctly to within an accuracy of plus or minus 0.01. He 
described that as “pretty good for the mechanical gauges of the period.”
Lag error refers to the short delay before pressure changes are felt farther down the line where recording 
instruments are connected. It’s of no concern in steady, level flight. One report showed it was still negligible 
for accelerated level tests above 30,000 feet. A high-speed dive was the only time it was significant enough 
to worry about. A Mach number could be as high as Mach .04. Position error refers to variances between 
the measured air pressure at the altitude of the aircraft as it disturbs the airspace and the pressure of the 
undisturbed airspace. Position error is very close to zero in the supersonic range, as the noseboom of the 
aircraft simply outruns the disturbance, which can only propagate in the forward direction of the speed of 
sound.

Ralph wrote a report on the Arrow’s highest speed flight, the 22nd flight of Arrow 25202, on Nov. 11, 1958. 
Spud Potocki was the pilot. The pilot’s readout, recorded by ground control, indicated the Arrow reached 
Mach 1.90 (1,254 mph) in level flight at 50,380 feet and Mach 1.95 in diving flight with rate of descent of 6,000 
feet per minute. Mach 1.90 could probably have been exceeded in level flight, but due to low acceleration the 
test was terminated in favour of a high Mach number dive. Mach 1.95 was achieved at 47,300 feet in the dive 
and this Mach number persisted to at least 45,000 feet. It was found the port engine delivered slightly less 
power than the starboard engine. Had both engines delivered the same power, it was estimated a maximum 
of Mach 1.94 rather than 1.90 could have been achieved in level flight. Some books cite a slightly higher 
speed for the Arrow of Mach 1.96 to 1.98, but that probably originated from an attempt to compensate for lag 
error in the dive condition. Ralph’s reports nicely explain the small discrepancy. The Arrow’s maximum level 
speed fell short of the Lockheed F-104 Starfighter world speed record in 1958 of 1,404 mph (Mach 2.13). The 
first five Arrows were equipped with interim Pratt and Whitney J-75 engines. It was widely felt the Arrow 
would probably have exceeded the record with the more powerful and lighter Orenda Iroquois. However, the 
program was terminated before the first Arrow with the Iroquois was flown.

There is more reason to be confident about the accuracy of Avro’s airspeed figures, given that Avro used some 
of the airspeed measurement hardware that NASA had for its research aircraft from the 1950s on to the Space 
Shuttle. The Arrow’s noseboom and pitot-static tube had the same design as a NASA unit and was used by 

Pitot - Static Diagram Courtesy - David Waechter
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NASA on an F-104G for wind profile measurements. NASA investigated using the pitot-static tube to gather 
wind speed data to predict the loading on the spacecraft and making GoNoGo decisions on launch. The 
Arrow and Jetliner, both about the same loaded weight, made an interesting comparison on fuel consumption. 
The Arrow, when not using afterburners, could fly about the same number of air miles per pound of fuel as 
the Jetliner at 35,000 feet. The Arrow could do so while flying about 50 per cent faster, because of the better 
efficiency of the axial-flow J-75 as opposed to the centrifugal Derwent in the Jetliner and the Arrow’s better 
aerodynamics.

In the summer of 1958, Ralph went to California in a group that included RCAF F/L Jack Woodman, one of 
the Arrow pilots. They visited Edwards AFB, and were escorted by future astronaut, Capt. Gordon Cooper. 
After his Avro career, Ralph became a senior performance engineer in 1959 with American Airlines. He 
helped to inaugurate computer flight planning, beginning with AA’s Boeing 707s. A study by Swissair showed 
that computer flight plans cut fuel consumption by an average of 1,070 pounds per flight and the payload 
potential increased by 1,625 pounds per flight. Other airlines soon followed. This was some of Ralph’s most 
important work, considering the importance of cutting fuel consumption to offset greenhouse gas emissions. 
Ralph then joined Aero Performance Inc., which also did computer flight planning. Dixon Speas was a key 
player in API, where Ralph participated in the proposed introduction of supersonic transport (SST) service to 
North America. SST takeoffs and landings were simulated at the NASA Langley Research Center in Virginia.

David’s parents did not want to remain in the U.S. indefinitely. Ralph found work with DHC in 1967 and 
helped to research the design and operation of “STOLports,” establishing that a STOL aircraft could still take 
off with a 24 mph crosswind. He worked for de Havilland until 1978 and then went to Canadair. He did airline 
market research for stretched versions of the Challenger business and commercial jet, which evolved into 
the highly successful Canadair Regional Jet. It’s noteworthy that the CRJ targeted about the same passenger 
seating and range as the Jetliner. With more than 1,900 CRJ-series aircraft having been ordered since the 
first CRJ100 entered service in 1992, one can only speculate as to how the Jetliner story could have ended 
differently. David answered several questions. His book has a concise chapter on the cancellation of the Arrow 
and discussion of cost savings versus the costs of the number of jobs lost. Bob Winson thanked David for a 
fascinating presentation that offered new insight about the Arrow, through the insider’s perspective of his 
father. Flight Test is a valuable addition to the books about Avro and highly recommended. 

The Arrow noseboom housing the pitot-static tube and vanes indicating airflow.  
The tail fin contained two pitot-static tubes.




