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This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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The p\3rpose of this study is to estimate the extent of the region 
in the wake of an open-cycle nuclear turbojet aircraft, which would contain 
an appreciable concentration of air which has been made radioactive or 
has been contaminated by fission products in passing throu^ the nuclear 
reactor. This region of turbulent spreading of the jet would be the 
region of greatest danger to the occupants of a towed aircraft. 

The case investigated was a turbojet tug airplaiifi delivering 
20,000 lb, -thrust at a Hach number of 0.9 and 30,000 ft. altitude. A 
previous, design study resulted in the following data which were assumed 
to apply in this case. 

S|)eclfic impulse, I ^3 lb.-sec./lb. 
Reactor air-flow rate, W i|-65-lb./sec. 
Nozzle exit area, A l6.9 sq, ft. 
Nozzle exit diameter (one Unit), D 4.63 ft. 
Jet velocity, Vj- 2290 ft./sec. 
Plane velocity, Vp 893 ft./sec. 

Conversation with Mr. W. Forstall, Jr. of the M. I. T. Gas Turbine 
Laboratory indicated that no good experimental results for the spreading 
of a supersonic jet were available. However, for subsonic flow, the 
radius of the mixing region (that is, the radius at which the concentration 
of primary jet gas has dropped to a negligible value) is found to be 
mainly a function of the ratio of the velocity of the primary jet to the 
velocity of the secondary air. Experiments by Mr. Forstall have resulted 
in values of ro/a (see figures 1 and 2) as a function of X/D for various 
ratios of primary-to-secondary air velocities. In the case under con
sideration, the ratio Vj/V- a 2290/893 = 2.57. It was desired to de-
tennine the radius of the mixing region at a distance of 30OO ft. (X/D = 
3000/i|-.63 a 650 diameters) back from the turbojet exhaust. These values 
fall within the range of values of velocity ratio and X/D investigated 
by Forstall, except that the actual velocities and distances are greater 
in this case. It was assumed that the jet as it first issues from the 
nozzle will be rapidly decelerated and the data for subsonic flow shOTild 
apply at least approximately. 

In Figure 2, a curve was estimated for Vj/Vp « 2.57 and a value of 
ô/a- = 15 'Was read at X/D = 650 diameters. The nozzle radius, a, is 
2.31 ft. and therefore the radius of the jet mixing region would be 
15(2.31) - 35 ft. at a distance of 3OOO ft. downstream. 

The concentration of exhaust air at the center of the mixing region 
decreases veiy rapidly with distance downstream. At any value of X, the 
radial distribution of contaminated air would be approximately as shown 



UNClASn 
LP-ll|-9-2 

in Figure 1. In general, the distribution of primary gas in a Jet .mixing 
region is proportional to the temperature distribution for a heated jet 
(References i and 3)« 

A very rough estimate of the maximum possible effect of downwash of 
the wing on the jet may be made by assuming that the jet is forced down
ward with a velocity equal to the mfean downwash velocity jp.st behind 
the wing, (V]_). This velocity is related to the induced-drag coefificient 
i^Dl), the lift coefficient (CL) and the airplane flight speed (V) by the 
relation 

V]̂  = V / Cj). ] (see reference k) 

Using a pessimistic value of CL/CJ). equal to the airplane liflp/drag 
ratio which is assumed to be 15, 

Vi = 893 /^^^ = 60 ft./sec. ih) 
The airplane covers the 3OOO ft. distance in 3*^ seconds. Therefore, the 
maximum amount which the~ jet could be forced downward would be 200 feet. 
It would actually be much less than this because the downwash velocity 
decreases downstream, and natural convection forces wotild tend to make 
the jet rise somewhat. 

It appears from this study that a towed airplane 3OOO ft. behind the 
tug and with a 10° cable angle woiild be well clear of the actual con
taminated exh-j-ust. The occupants would be exposed to gamma radiation 
emanating from fission products which might be present in a mixing region 
of about 70 ft. diameter which would be approximately 5OO feet above the 
towed plane. 

Investigation of the effect of using several small turbojet units 
to provide the required thrust indicates that this would not cause the 
jet to spread more rapidly than if only one tmit were used. 

Eeferences: 

(1) Private communication from Mr. Walton Forstall, Jr. of the M. I. T. 
Gas Turbine Laboratory 

(2) Squire, H. B. and Trovmcer, J . , "Roiind Je ts in a General Stream," 
RM No. 191^ 

(3) Corrsin, S., "Investigation of Flow in an Axially Symmetrical 
Heated Jet of Air," NACA ACR No. 3123, (Wartime Re-j)ort W-9l|-). 

(k) Millikan, C. B., "Aerodynamics of the Airplane," John Wiley 8e Sons, 
19i4-l (page kk). 
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Figure 1 
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Figure 2 

Turbulent Diffusion of Jet 
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