
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD020131

unclassified

confidential

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 22 DEC 1952.
Other requests shall be referred to Office of
Naval Research, Attn: Code 441, Washington, DC.

ONR ltr dtd 15 Augt 1968; ONR ltr dtd 15 Augt
1968



PROGRESS REPORT ON 
HIGH ALTITUDE PLASTIC BALLOONS 

CONTRACT NONR-710   (01) 
JUNE  15,  1952  to DECEMBER  22,   1952 

VOLUME V 
CONFIDENTIAL SECURITY INFORMATION 

Copy No. 5-3 



RESTRICTED 

ERRATA SHEET 

University of Minnesota 
Physics Department 

Balloon Project Progress Report No. 2 

Volume V 

Page EC-7 - line 1. Insert the word "center" between "the" and "position". 
Page II-7 - line U* Delete ", the use of the" and insert "a". 
Page IH-A-10 - line 22. Delete "sec 9" and insert "cos 9/2". 
Page III-A-10 - line 2li. Delete "9" and insert "9/2". 
Page m-A-10.- line 2U. Insert the words "near the bottom" between "angle" and 

"between". 
Page III-A-12 - line 8. Insert the words "the full meridian stress extends further 

up.and" between the words "therefore" and "the". 
Page HI-A-12 - line 9. Insert the words "of. a'conventional shaped balloon" after 

the word "ascension". 
Page IH-A-12 - line 13. Insert "cos 9/2" &fter «2lPrt ". 
Page XII-B-17 - line 1*. Delete «0.Ui3* and insert "0.125". 
Page HI-B-17 - line 6. Delete "0.11;3" and insert "0.125". 
Page III-B-17 - line 7. Delete "Ul.5" and insert "73.7". 
Page IIX-B-23 - line 17.. Insert *(r2?-i. 2r  in place of "(fti2)". 
Page HI-C-27 - line 6. Insert "half" between the words "the" and "cone". 
Page in-C-27 - line 7. Delete "1800" and insert "1300". 
Page III-E-75 - line 1$. Delete "III-D" and insert "III-C" 
Page VI-181 - lines 26 & 27. Delete the words "almost spherical." and insert 

"at approximately its designed shape." 
Page 7I-18U - line 3« Insert the word "difference" between "pressure" and "at". 
Page VI - 18U - line 12. Should read " or-y-/5a^J». 

Page VI-195 - line 2\x.   Delete "into" and insert "out.of". 
Page VI-195 - line 25. Delete "into" and insert "from". 
Page VI-20U - line U. Insert the word "helium" between "our" and "results". 
Page VI-20U - line 6. Delete the words "per cent" and insert the words "expressed 

as fraction"-between the word "lift" and "of". 
Page VT-20U - line 7. Insert the words "gradient (negative" between the words 

"atmospheric" and "lapse". Insert a parenthesis' mark 
after 3rate". 

Page VI-197 - line 1. Insert the words "in the stratosphere" between the words 
"that" and "rising". 

Page IV-118 - Caption-Figure 31. Should read "(See Figure 7-B)" instead of 
"(See Figure 7-D)». 
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SECTION I 

ORGANIZATION 

Personnel, space and equipment for the Balloon Project remain essentially 

the same as reported in the first Progress Report. A few changes have occurred 

in personnel; Mr. William Huch, experienced balloon designer has been added to 

the senior staff as a consultant and the nominal Scientific Director now divides 

his time between the Balloon Project and Los Alamos. In effect much of the 

responsibility for the direction of the work falls upon Dr. Edward P. Ney and 

Dr. John R. Winckler. 

The current personnel falls into the following categoriest 
* 

Experienced Research men (Ph .D) 5 

Assistant Scientists * 2 

Junior Scientists 2 

Research Fellows 3 

Research Assistants 1 

Electronics Mechanics. h 

Engineering Assistants Ill 

Statistical Clerks .1 

Photographers 1 

Non-scientific, miscellaneous, 
etc., equivalent. .6 

Total EST 

The names and experience of the senior men are: 

Charles L. Critchfield, Professor of Physics 
Scientific Director of Project, Ph.D, 1939 (half-time) 

Edward P. Ney, Associate Professor of Physics 
Alternate Scientific Director, Ph.D., 19U7 

John R. Winckler, Associate Professor of Physics 
Ph.D., 191*6 

Homer T. Mantis, Assistant Professor, Mechanical Engineering 
PfuD., (Meteorology), 19it9 
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Gilbert Periow. Research Associate, Ph.D. 19h0 

Raymond Maas, Consultant in Electronics and Instrumentation 
B.E.E., 19I48 

William 0. Huch, Consultant in Design and Operations 
BS, (Aeronautical Engineering), 19U2 

A complete list of laboratory and office personnel, in addition to the 

five senior men listed above is as follows1 

Leland Bohl, Research Fellow (half-time) 
John Linsley, Research Fellow (half-time) 
Kinsey Anderson, Research Assistant (half-time) 
Robert L. Howard, Assistant Scientist 

(Section Leader, Electronics Section) 
Logan D. Gilman, Assistant Scientist 

(Section Leader, Instrumentation Section) 
Eugene Byrne, Junior Scientist 
Willard Lewis, Junior Scientist 
John Gergen, Junior Scientist 
James Stoddart, Electronics Mechanic 
Wilmer Kurth, Electronics Mechanic 
Robert Anderson, Electronics Mechanic 
Phillip Erickson, Electronics Mechanic (half-time) 
Sam Brinda, Engineering Assistant 
Charles K. France, Engineering Assistant 
Donald F. Kruse, Engineering Assistant 
Joseph LeClair, Engineering Assistant 
Bernard Welinski, Engineering Assistant 
Paul VI. Chase, Engineering Assistant (half-time) 
Robert E. Danielson, Engineering Assistant (half-time) 
Evan E. Day, Engineering Assistant (half-time) 
Theodean Erickson, Engineering Assistant 
Idar Anderson, Engineering Assistant 
Lester Beckland, Engineering Assistant 
Roswell Wahl, Engineering Assistant 
Richard Hendricks, Engineering Assistant 
Arthur Walseth, Engineering Assistant 
cKarles Wilson, Utility Man 
Robert Newton, Utility Man 
Irwin M. Fine, Photographer 
Joan Markham, Senior Clerk 
Shirley Whitmore, Senior Statistical Clerk 
Ferdinand Ohnsorg, Research Fellow 
Marlene Besaw, Secretary 
Berton Atkinson, Draftsman 
Ewald Eckland, Assistant Foreman 
Rudolph Thorness, Machine Shop Foreman 
Donald Hanson, General Mechanic 
Charles Edwards, General Mechanic 
Cecil Smith, General Mechanic 
Roy Lahti, General Mechanic 
Victor Hoberg, Sr. General Mechanic 
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Winter operations have been made practical by flying from Pierre, South 

Dakota . A mobile communications unit has been installed in a Navy trailer 

van and used at Pierre. Prevailing westerlies prevent complete tracking of 

sustained flight when launched at Minnesota. 

The program on liquefaction of hydrogen and helium has been dropped as 

unnecessary duplication in the face of the rapid progress being made elsewhere. 

In addition, the present trend in balloon design is to minimize ballast require- 

ments. 

Data of value to the project were gathered on cosmic ray flights in Texas, 

financed by a  separate contract with ONR. 

In general, the project is enjoying full cooperation on the part of the 

University and Department Administration, the representatives of ONR and CAA, 

the manufacturers of balloons and the hundreds of people who have found gear 

and balloons and have helped in their recovery. 

Confidential Security Information 



Page II-6 Confidential 

SECTION II 

LAUNCHING SUMMARY 

This section of the report will summarize our experiences with bb  launchings 

which constitutes the number of flights made on the project to date. The launch- 

ing method is described in detail in the first Progress Report, Volume I, pages 2-1 

to 2-29. The method is still carried out as described in that report with a few 

minor modifications which are necessitated by changes in the balloon design and 

a few minor changes which were found to be advisable in the launching method it- 

self. The spun aluminum girdle shown in Figure 2, Page 2-13, is customarily 

covered with nylon cloth in the form of a stocking instead of taping transversely 

with nylon tape. The nylon cloth has been found to give the proper frictional 

coefficient so that the girdle stays on the balloon and slips smoothly down as 

the balloon fills out during ascent. It was found advisable to protect the bal- 

loon underneath the position corset found in Figure 5» Page 2-l6 of Volume I, by 

a layer of sponge rubber wrapped in polyethylene. This provides a cushion between 

the stiff parts of the corset and the canopy of the balloon which is secured down 

over the inflation thimble by this corset. The sponge rubber cushion is attached 

to the corset on one end and falls off just before take-off when the corset is 

removed. The invention of the duct appendix which is customarily installed dir- 

ectly in the top of the balloon necessitated a different rigging arrangement for 

packing. The suspension clamp shown in Figure 3* Page 2-lb, Volume I, is replaced 

by a simple clamp which merely provides a feed through for the top rope. No 

effort is made to hang the balloon by this feed through. The balloon is hung by 

a harness connected to the point where the duct appendix is inserted. A discussion 

of the method of inserting the duct appendix in the balloon will be found in another 

section of this report where the duct appendix is described in detail. The changes 

in the suspension ring can also be understood by references to Pages 2-21 and 2-22 

in Volume I which show how the suspension ring was formerly used. The duct appen- 
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dix occupies the position where the suspension ring was formerly clamped in and 

W1"'  - — -  -—x --- a -      -       <-r '      —. - v-      -^       -.    - - y-i^- .-    --- 

the edge of the duct, it is not a satisfactory point from which to hang the entire 

balloon. Therefore,the use of the harness connected to the periphery of the point 

at which the duct is inserted was used. 

An experience with one flight which failed,because the top rope which used 

to be left long and was pulled through as the too ascended,became snarled around 

the suspension ring, made it seem advisable to cut this rope short after the 

balloon was erected. This is done by using a knot called a slippery sheet bend 

which can be released from the ground by a side rope and which removes the main 

tie rope from the balloon- Then only about 3 or h feet of rope has to pass 

through the fitting as the top of the balloon erects and this avoids possibility 

of snarling or catching in the folds of the fabric. These improvements just 

described were made as a result of difficulties of one kind or another in the 

launchings. A survey of the flights made to date shows that in the first ten 

flights, there was a total of four cases of which failures of one kind or 

another due strictly to launching technique resulted. In flights #10 to #20 

there were three cases of failure. In flights #21 to #30 there were five, and 

in flights #31 to #1*0 there were none. In flights #Ul to #5>0 there were none 

and in flights #51 up to the present there was but one case of failure, which 

was not a failure of apparatus but represented an error in judgement and is 

probably not representative of the others. 

All of these cases do not result in complete failure of the flight for 

scientific purposes of the project but are listed because something went wrong 

with some feature of the launching method. As pointed out many times, this 

launching method is very suitable for the purposes of this project because it 

enables one to weigh the balloon off as one does a vertical inflation generally 

used only with smaller balloons. It was found that with a combination of this 
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launching technique with the use of a large windscreen available near Minneapolis, 

launchings were very seldom neia up because of «!&£• Even Trith the vdndscreen, 

however, launchings must be limited to winds of less than 35 miles per hour but 

this wind speed does not occur very often. The weigh-off data has been analyzed 

and it appears that the scatter of this data indicates an accuracy in weigh-off 

of about *• 2% of the gross load involved. (See Section VI Page 178 and Figure 3) 

This scatter is obtained from an analysis of a large number of flights in terms 

of the initial ascent rate as a function of the measured neigh-off. If one tries 

to make an estimate from looking at the weigh off measurements and also by com- 

paring the weigh off at two points during the launchings, namely when the inflated 

balloon was secured at both ends to the ground and weighed off and then when the 

balloon was erected and weighed off just at the bottom, and considering fluctua- 

tions in readings due to wind burbles around the windscreen, etc., one concludes 

that the measured values are within +10$ of the free lift. The free Lift varies, 

of course, from one flight to another but free lift is something like 10$ of gross 

load so that the order of accuracy is from 1%  to 2% of the gross load from this 

consideration. 

The expenses involved in the packing operation have been itemized and a 

cost estimate made. The cost of balloon hardware, including a special bag to 

wrap the balloon in once it is packed, corset, harness, inflation thimble, spec- 

ially prepared automobile inner tube, the aluminum girdle, etc., total about $330. 

This includes about 26 man hours of time in the packing which is probably on the 

high side. There are some special items involved in this launching method such 

as an antenna dropper to unwind the radio antenna once the balloon is in the air 

and the cost of packed parachutes, etc., which probably brings the total cost up 

to about $1*00. It is felt that this is a small expense compared to the loss of 

flight due to inaccurate weigh-offs or the cost of keeping project personnel 
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inactive while waiting for weather which is suitable for other launching methods, 

Experiences in the field with Lhio launching method hcvc proven very successful. 

A joint operation with General Mills, Inc. was conducted at Pyote, Texas, in 

July of 1952 in which three flights were launched in 10 days. Most of the 10 

days were occupied in recovering gear and getting ready for the next flight. 

The winter, 1952-53, launching site has been moved from Minneapolis to Pierre, 

South Dakota, so that the trajectories would give us an extra day of flight 

time and in some cases prevent the loads from being lost in the Great Lakes. 

This operation has been carried forward very satisfactorily using simply 

the facilities available at the Pierre Muncipal Airport. One of the square 

hangars was used as a windscreen. Five series of three launchings each have 

been made and each series conducted in considerably less than a week. So far 

there were no hold-ups because of weather. A series of flights which are not 

reported in this report were made in Pyote, Texas, in January of 1953 j in 

conjunction with the SKYHOOK project of Winzen Research in which the Minnesota 

technique was used throughout for 15 launchings which were extremely successful. 
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SECTION III-A 

CONSIDERATIONS ON BALLOON SHAPE 

Since balloons can be manufactured in any desired shape of closed 

surfacejit appears reasonable that there is a most desirable shape. It 

is one of the objectives of the High Altitude Balloon Project to solve 

this problem. The main difficulty is that the problem has never been 

adequately formulatedj hence the project is currently engaged in ident- 

ifying the significant features that can be improved by changing the 

design of the cell. Theoretical work on the nature of stresses xn 

static axially symmetric cells has been completed and electronic com- 

puter runs on a large variety of given conditions have been made. But 

it remains to deduce from field and hangar tests the relative importance 

of the features that can be effected by balloon design.  (In the following! 

the distinction between design on the table and shape in the air must be 

kept in mind.) 

The principal quantities to be considered are the stresses, the 

consequent strain or plastic flow, and the relationship between sur- 

face area and volume contained. The considerations are on the general 

shape not including appendices, valves, attachments, etc. Stresses on 

the surface arise from supporting the payload and the lower portions of 

the balloon and from gas pressure. Those stresses that have a direction 

which is tangent to the surface and that lies in a vertical plane are 

called meridional stresses,/*,• If the balloon weight and differential 

gas pressure can be ignored4#VtZ«wr  - payload at a point near the bot- 

tom where the radius of a horizontal section of an axially symmetric 

balloon is ft,  and 0  is the angle between the vertical and the tangent plane. 

Henee,as one nears the bottom apex the stresses become very high and will 
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exceed the strength of the film if its thickness does not increase also. 

Hitherto, this difficulty has been surmounted by applying meridional 'load 

bearing' tapes over the heat seals, thus relieving the plastic film near 

the apex. 

Tests at Weeksville showed that the meridional stress is rapidly 

transferred from the tapes alone into the film. This is indicated also 

in up-pictures in flight in which tapes often appeared to be wrinkled. 

The safest assumption is therefore that the meriaional stress is dis- 

tributed uniformly over the surface everywhere above a few tens of feet 

from the apex of a large balloon. 

Curvature in a stressed surface produces an'inward1 force per unit 

area. By 'inward' is meant: towards the concave side. In the balloon 

this force is opposed by the difference in pressure of gas inside and 

outside the balloon. If the 'inward' pressure created by the meridional 

stress is nullified everywhere by the gas pressure, the balloon is said 

to have a "natural shape". For a given ratio of balloon weight to gross 

weight there is a doubly infinite family of natural shapes for one-cell 

balloons, corresponding to the choice of the cone angles at top and bottom, 

for example. All such shapes have axial symmetry. 

Since the pressure difference in a natural shape is balanced entirely 

by the meridional stress, and since the balloon is concave inward in every 

horizontal section, the circumferential tension is zero everywhere for those 

shapes. It was to achieve no circumferential tension in the design that 

General Mills, Inc. set out originally to find such a shape. The theory 

was that it is better to have the fabric stressed uniaxially than to have 

it stressed biaxially. Their success in flying very heavy loads may depend 

partly on the more efficient stressing in the natural shape. 
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Zero circumferential tension everywhere means that there is no ten- 

dency to stretch the fabric into a form of larger 'radius' AJ at any 

point. If excess girth of fabric is provided at any point along the 

length of the balloon the fabric will overlap at that point. Hence, 

during ascension most of any balloon tends to the natural shape for the 

existing distribution of weight of fabric and for the particular payload 

carried. Moreover, the curvature of the balloon surface is higher when 

the outside pressure is higher and therefore the stresses are greatest 

in the early stages of ascension. Consequently, there is little direct 

relationship between the design of the fully inflated cell and the min- 

imization of stresses except at the very top and bottom and at points of 

discontinuity of curvature. 

At the very top of a natural shape^f'/l/X^/m   = gross load, so that 

A-m again diverges as fl->OaX  the top and the fabric must be reinforced. 

In a flat-top natural shape /L increases with the cube root of the distance 

from the top. Balloons designed with a spherical top have a 'radius' (^ 

that increases with the square root of the distance from the top and the 

circumferential tension becomes equal to the meridional tension at the 

top. Thus, the presence of meridional tapes restricts plastic deformation 

in the direction in which they lie and permiis enlargement of the circum- 

ference. The result is that spherical balloons tend to develop a flat 

J.; 3 i. 1-4 m 1-3 •*- 11 A«11 .£ «l»1 _ 4. .,3 11-  _4. IB \.*~wi  T T ~. l»up  emu   i/iij-o   »»o   evxvjono  un   ime   j. uxj.jr   xmiai/cu   uono   a.v   necnoixxio. 

Since nothing can be gained by permitting a cell to stretch into a 

natural shape near the top the conclusion is that it is better to design 

the cells with more fabric in the crown so as to conform to a cubical 

parabola rather than an ordinary one. 

The principal difficulty with applying the theory of the natural 

shape is that the design depends upon the ratio of balloon weight to 
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gross load. This ratio may be expected to vary with different uses of the 

balloon and even varies during flight, if ballast is dropped. One has then 

a natural shape. As mentioned above, the circumferential stress goes to 

zero wherever there is excess fabric. To utilize this in design Winckler 

suggested making a balloon out v,f a cylinder of fabric of radius about 

that (or a little greater than that) of the desired radius of the fully 

inflated cell and of length equal to the total "gore length". The cell 

is completed by gathering the fabric together into folds and clamping 

with suitable rings at top and bottom.  If this is done with reasonable 

care the cell will have excess fabric everywhere except possibly just at 

the equator and the s trength per foot will increase inversely proportionately 

to/£as it should. The remaining care to be taken in design is that of the 

valving mechanism. This design was originally conceived to eliminate the 

tapes which seem to contribute inordinately to solar super heat but it 

automatically solves the shape problem for any load ratio and at all stages 

of flight. 

There is one danger in having excess fabric on the surface and that is 

that the volume of the balloon then depends upon the pressure differential. 

Hence, at ceiling, the valving superpressure might enlarge the cell and 

cause it to overvalve by overshooting its ceiling for the natural shape at 

T*g>rni*j QT»   T>T»^ggii?»a T'hiS   ©"Pf*^***-   hSS   Tlrt'^-    onnAoywH   -i ri   flights   W^ei 

sphere balloons are valved to operate at a sub-pressure, however, and it 

seems that the warming of gas after the valving pressure is relieved is 

more than adequate to compensate it. Obviously these points are subject to 

more detailed experimentation and analysis. 
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SECTION III-B 

CALCULATION OF CYLINDER BALLOON SHAPES ) 

Ihe so-called "cylinder balloon" is made from a cylinder of balloon fabric 

gathered together at each end. The cylinder is then inflated, and the shape of 

the balloon depends only on the gore length (which is constant) and the degree 

of inflation, so long as the radius of the balloon does not approach the radius 

of the original cylinder. 

As the balloon is inflated, there will be a volume at the top of the balloon 

where the pressure of the gas at each point exceeds the pressure of the outside 

air at the same vertical height above the bottom apex of the balloon. In the 

remainder of the balloon volume, the gas pressure will be less than the corres- 

ponding air pressure. The former region can be said to have "super-pressure* and 

the latter, "sub-pressure1*. The height above the bottom of the balloon of the 

horizontal plane that separates the sub- and super-pressure regions is called the 

"sub-pressure height", and it is this length that characterizes the degree of 

inflation of the balloon, As the inflation continues, the sub-pressure height 

goes to zero. If an appendix is put on the balloon, the super-pressure region 

can extend down into the appendix, and the appendix will be collapsed below 

the super-pressure region. The distance from the bottom apex of the balloon 

(where the load is attached) to where the appendix is collapsed is the "super- 

pressure height". The balloon could, of course, be super-pressured without 

the appendix by means of an appropriate gas fitting. 

For a given gore length, the shape axd volume of the cylinder balloon will 

be uniquely determined as a function only of the sub- or super-pressure height 

(pressure difference head at bottom apex). This section of the report presents 

the results of a calculation of cylinder balloon shapes and volumes. The shapes 

are described by giving the height of the balloon from top apex to bottom apext 3 
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the radius oi the balloon at its biggest part, and the total opening cone 

angle at the bottom of the balloons 

Sub-pressure balloon 

GORE   LEN6TH   -   S X 

__^rC^^l__ PRESSURE    DIFFERENCE    ZERO 

SUB-PRESSURE   HEIGHT *    PRESSURE 
DIFF.   HEAD    AT    BOTTONV   APEX 

Super-pressure balloon 

C 

GORE LENGTH - S > 

SUPER-PRESSURE   HEIGHT-   PRESSURE 
DIFFERENCE   HEAD   AT    BOTTOM    APEX 

 J PRESSURE    3IFFERENCE    ZERO 
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Hie volume is computed for each shape, and, for the sub-pressure balloons, \ 

the distance along the gore between the bottom apex and the pressure difference 

zero is coirputed as "sub-pressure arc length".    It is this length that determines, 

for instance, how far from the bottom apex one would want to terminate a duct 

appendix to get a certain degree of "sub-pressure" with its attendant volume 

defect and cone angle.    The shape and volume are given in terms of a balloon 

•whose gore length is one unit.    The height, maximum radius, volume, and pres- 

sure head at bottom apex are to be scaled up to the appropriate gore length. 

The purpose of the following exaiples is to illustrate the use of the 

curves: 

(1) A duct balloon has its duct cut off 25% of the way up from the 

bottom apex.    The gore length of the balloon is 75 feet. 

For a unit-gore-length balloon, the sub-pressure arc length would 

be 0.250.    From the curves, the pressure head at bottom apex would 

be -0.205 (Fig.2).    This corresponds to a cone angle of 68°(Fig.2), 

a radius of 0.300 (Fig.3), a height of 0.708 (Fig.3), and a volume 

of 0.103  (Fig.l).    Thus the 75-foot gore length balloon would have 

height • 53 feet 

radius = 22.5 feet 

volume a U3»000 cubic feet 

(2) A cylinder balloon of gore length 90 feet is to have a 90° cone 

angle at the bottom* 

A 90° cone angle corresponds to a pressure head of -0.080 *\t the 

bottom apex (Fig.2), which in turn implies a sub-pressure arc length 

of 0.100 (Fig.2) for a unit gore length balloon.    The duct should thus 

be cut 10$ up from the bottom, or 9 feet from bottom apex. 
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(3) A balloon with an appendix of negligible length at the bottom apex 

is to have a volume of 50,000 cubic feet. 

A balloon of unit gore length and zero pressure head at bottom 

apex would have a volume of 0.1U3 (Fig.l). For gore length SA 

the volume would be 
0.1U3 si 

Hence,the gore length of the balloon should beS^s Ul.5 feet, 

(u) A balloon has a gore length of 75 feet and an appendix that 

extends US feet below the bottom apex of the balloon. 

On valving, the pressure difference head at bottom apex on a 

similar balloon of unit gore length would be +0.600. From the 

curves the volume would be 0.1U7 (Fig.l), the height 0.555 (Fig.3), 

radius 0.360 (Fig.3), and total cone angle at apex of lUl°(Fig.2). 

The 75 foot gore length balloon would have 

height = U..6 feet 

radius • 27.0 feet 

volume - 62,000 cubic feet 

In comparison with the balloon of example (1), this balloon is 

bigger in volume and more oblate in shape. 

The curves given below were calculated under the assumptions that there 

is cylindrical symmetry about the vertical axis and that the fabric weight is 

small compared to the weight of the load. 

The fabric tension in a cylinder balloon is entirely meridional and is 

constant everywhere on the balloon. If R is the radius of the cylinder from 

which the balloon was made, then the tension per unit length in the balloon 

fabric 1st Q 

• t*JrRSftC"2T 
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where I- is the load attached to the bottom apex and © is the total opening cone 

* ) 
angle at that apex. A curve showing sec *T" is given. 

.:) 
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Derivation of Equations 

With each shape of balloon there is associated a potential energy*    The 

shape that actually obtains in a cylinder balloon is the shape that minimises 

the potential energy under given boundary conditions.    This is clearly a proble» 

in the calculus of variations.    Thus we seek the curve, whose parametric repre- 

sentation is ft, s a(5) and ^s%(&). that is an extremal to the variation problem: 

Si 

*\*« 
a i JLs 

© 

where the integral is proportional to the balloon*s potential energy,n.and ?• 

are as shown below, and the dot indicates differentiation with respect to the 

arc lengths. 
i8»0 

s-sTT\*0 
 j-£ s£ f. .0 

i 

For convenience,3 «o corresponds to the plane where the pressure difference 

across the fabric is zero. Thus the pressure difference at any point is^? 

where >S is the difference in density between the outside air and the lifting 

gas. The pressure difference at the bottom apex is ^2-©» 

As stated, the variation problem implies that the arc length (gore length) 

is constant* The variation is subject to the condition that n, -t- 2 =.\j   *nd 

that 0. Co) » n. (SA.) S 0 and?(s^) is given as ^©.  Accordingly, our problem is 

the minimisation of the integral: 

rtA4 +0U^»0** s& m 

where K is a function of s , but does not participate in the variation* The Euler 

equations for this problem are obtained immediately ast 
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Using the relation ft,a+ ? — K the equations can be written: 

KH,-n,*2  =° (1) 

The equation (3) gives K = constant. 

The volume of the balloon can be obtained directly from equation (2) 
< 

as followsj ,* 
o 

V =.v\>i^=^y^r^\3^'^ 
using equation (2) 

v»-JTf {<'?As = -^irKt2l 

If the load (»B\/) is supported entirely at the bottom apex, then 2-(&)e0,and 

If 6 is the total opening cone angle at the bottom apex. 

As a result of the variation, there is a boundary term: 

[(^a*+^Ki) Zt+JKiiSn'] s> 

which mst vanish. It does vanish by virtue of the conditional 

Sn.U)= SaCsv)= rrUv) = o 
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(The quantity J 2 (o) is arbitrary, but a C») =• O       and  % (o) =0.) 

The result of the solution of the set of differential equations  (1) and 

(2) can be expressed as a family of solutions with parameter ?o (pressure 

difference head at bottom apex) with unit gore length SJL*1 .    From tiwse 

solutions, the volume, cone angle, height ana maxLjuum radius of the unit gore 

length balloon can be obtained. 

The solution of the differential equations was done with the aid of a 

Beeves Analogue computer. 
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SECTION III-C 

CYLINDER BALLOONS 

A critical study of the balloon shape problem has been carried out on the REAC 

computer. A consequence of this study is that a balloon which has adequate material 

in it nill take on the natural shape and thereby become a balloon which has a zero 

circumferential stress. It was this fact made evident by the study of the physics 

of balloon shape that lead us to the idea of making a balloon without tapes and 

having the load carried by the plastic itself. For such a balloon the question 

was asked as to what shape or configuration one should begin with in order to 

have the stress in the plastic everywhere the same. The answer to this question 

turns out to be that a balloon which is made of a cylinder tied together at the 

ends will have everywhere the same meridional stress and at the same time,if it 

has enough gores in it so that it can become natural shape,will everywhere have 

zero circumferential stress. There are various possibilities for such a balloon. 

One can use the duct appendix cut at some position above the bottom of the balloon 

as with the cone-on-sphere balloons and in this case one has a sub—pressure balloon. 

If one brings the duct to the bottom of the balloon or if one has an open skirt 

appendix at the bottom one may have such a balloon with so-caJled zero pressure 

or with the pressure at the bottom of the balloon equal to outside atmospheric 

pressure. Finally if one brings the duct well below the bottom of the balloon it 

is possible to have a balloon which is a super-pressure balloon and which, there- 

fore, is relatively independent of fluctuations in temperature provided these 

fluctuations do not correspond to more than the amount the balloon is super-pres- 

sured. It is easy to see what the ultimate requirement on such a balloon is from 

the standpoint of carrying a heavy load. Since the stress in the plastic is all 

meridional and since it must lift the load, the vertical component cf this stress 

.) 

•) 
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at the bottom of the balloon must be equal to the weight of the load. Let us take 
of U5' gore length 

an example. For a 25' diameter cylinder tied together at the ends, a balloon made 

of 1-mil polyethylene material contains approximately 1 square inch of material. 

The ultimate tensile strength of polyethylene is 2000 pounds per square inch and 

consequently this 25' balloon will lift a load at ultimate tensile somewhere in 

this vicinity. Because the cone angle is not zero but is more like 50 the 

ultimate load is reduced by the appropriate geometric factor to about l800 pounds. 

It would not be possible to test such a balloon to ultimate as a sub-pressure 

balloon or as a zero-pressure-at-the-bottora balloon because of the fact that its 

volume at sea level is not large enough to lift the required load. 

The first cylinder balloon made under these circumstances was tested at the 

time of the Balloon Meeting held here at Minnesota,December 11 and 12, 195>2, and 

various members of the audience were invited to look at it. It consisted of a 

12' diameter cylinder with a duct appendix on the top and it was inflated behind 

the lecture room. It took on the natural shape as expected and did this without 

the introduction of any circumferential stress. The position of the zero pressure 

level could be readily varied by raising the duct and allowing the balloon to valve 

and the position of the zero pressure level was evident by looking at the balloon 

to be the place where the curvature of the balloon changed its direction. Since 

this preliminary test was so successful it was decided to go ahead and attempt 

larger cylinder balloons and the next size which was studied was one which was 

25' in diameter, U51  long. This ratio of diameter to length is such that one 

can obtain natural shape balloons only for sub-pressure balloons since if the 

zero pressure level is placed at the bottom,the diameter of the balloon is ~ot 

quite large enough to allow the balloon to take the natural shape without the 

introduction of circumferential stress. 

The polyethylene cylinders were manufactured by General Mills, Inc, 
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Figure 1 shows a series of shots of the smaller cylinder inflated in the 

lecture room.  Figure 2 to Figure h show a similar series of Siots of t he 25' 

diameter cylinder inflated in Williams Arena. These pictures were taken as the 

inflation of the balloon is continued and the last picture corresponds to a balloon 

lifting 570 pounds gross. The material carried the load very well, in the absence 

of tapes, and there was no evidence that any of the components of the system were 

failing. Actually two tests were made with the 25' polyethylene 1-mil cylinders. 

One of these was a test in which the inflation consisted of half air and half helium, 

and the second consisted of an inflation cf pure helium (Figures 2 to Figures U). 

Both tests were a complete success and it was felt that at least with this load which 

was well below ultimate in the material the balloon performed satisfactorily. 

Figure 9 shows the measured gross lift obtained for the 25' polyethylene cylinder as a 

function of the duct length along the gore from the bottom to the zero pressure level. 

As can be seen, there is a very large volume defect if the duct is cut short on a 

sub—pressure natural shape balloon as the balloon immediately begins to shrink at 

the point of •aaxLmum diameter if the duct is cut higher than the point at which 

circumferential tension sets in. The comparison of this curve and the theoretical 

results are given in Section III-B, and the result of the theory for this balloon is 

shown in   Figure 9. The comparison with theory is on an absolute volume basis 

and the two curves have not been normalized. 

One of the principal advantages of the cylinder balloon aside from its ease of 

manufacture and cheapness of construction lies in the fact that tthe balloon material 

itself carries the load rather than having to transfer it to the tapes which then carry 

it to the load. In order to utilize this property to the greatest extent it is desirable 

to have a balloon constructed of material of as high a tensile strength as possible. 

Polyethylene does not really satisfy these requirements since its ultimate tensile is 

only 2000 pounds per square inch. Consequently we began to investigate the possibil- 

ity of using Mylar, a material 
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A. A group of visitors inspecting the 
duct on the first small cylinder. 

B. View showing the zero pressure level 
in the duct. 

C. Examination of the balloon to determine 
its circumferential stress. 

D. Examination of the balloon to determine 
its circumferential stress. 

Sec III-C Fig 1 
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A. Gross load equals 153 pounds. Gross load equals 253 pounds. 

C. Gross load equals 303 pounds. D. Gross load equals 353 pounds. 

Sec III-C Fig 2. A 25* diameter by 1*5* g°re length polyethylene cylinder at various 
stages of inflation with pure helium. Hie gross load lifted is indicated in each 
photograph. Because of the slack material near the bottom the true cone angle of 
the natural shape balloon is not necessarily the observed cone angle in the photo- 
graph. 
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Gross load equals ol5 pounds. B.    Gross load equals 1(65 pounds. 

C.    Gross load equals 1*71 pounds. D. 
inflated cylinder. 
U71 pounds. 

Top view or miij 
Gross load equals 

t See IH-C Fig 3 A 251 diameter 07 U$>  gore length polyethylene cylinder at various 
stages of inflation with pure heliue.. The gross load lifted is indicated in each 
photograph. Because of the slack Material near the bottoa the true cone angle of 
the natural shape balloon is not necessarily the observed eons ancle in tho photo- 
graph •_ 
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Sec Hl~c Fig k 25' X U5* polyethylene cylinder completely inflated and lifting 

h90 pounds. 
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developed by Dupont,which has an ultimate tensile of 26,000 pounds per square inch. 

This factor of ten improvement in ultimate tensile, of course, means that a balloon 

of approximately 1/10 the weight can lift the same load. A 25' by 1*5' Mylar cylin- 

der was constructed and inflated in Williams Arena with pure helium.* The balloon 

itself weighed approximately 6 pounds, was made of ^-nri.1 material and when the 

inflation was complete and the balloon had taken on the natural shape for its 

maximum diameter the gross load was 57U pounds. Even with this load, which 

represented the maximum volume of the balloon, one was far from the ultimate 

tensile in the Mylar material but it was felt that the general idea and the 

possibility of using Mylar in such a balloon had been adequately tested. 

Figures III-C5 to III-C8 show a series of shots of the Mylar balloon which 

are strikingly different from the polyethylene in its marked transparency to 

visible radiation. It is clear that one can see the stands of Williams Arena 

through the balloon and when the inflation was being c arried on, one had the 

impression that the balloon was much like a soap bubble. During this test one 

of the nylon lines securing the balloon to the Arena snapped and the balloon had 

to rise aoproximately 2 feet before being stopped by a second line. The balloon 

took a marked shock at this time and vibrated like a bowl of jelly but no harm 

to the balloon was done and it was felt that the natural shape balloon without 

tapes could stand appreciable shocks. It is well known that Mylar has extremely 

good low temperature properties and therefore a hangar inflation on a Hylar 

balloon is essentially the equivalent of a flight test except for the effect of 

ultra-violet or ozone which has 'wet to be investigated* 

In addition to the hangar tests, four flights of 25' diameter by US'  long 

Mylar cylinders have been carried out (flights §$9t  60, 6l and 62). The first 

of these four flights was a Mylar cylinder which had been inflated in the Arena 

and in the process of deflating this balloon it was dropped • On launching this 
7) 

*A11 of the tyylar cylinder balloons described here were manufactured by Herb 
Shelly, Inc., Farmington, Minnesota, 
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A. Gross load equals 27U pounds. B. Gross load equals 329 pounds. 
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C.    Gross load equals 379 pounds. S#<J .^^   ^^^ j D.   Gross load equals k29 pounds. 

Sec IH-C   Figs 5fc6.   A 25' disaster by U5* I07* lsngth l&Lar cylinder at various stages 
of inflation with pure heliua.    The gross load lifted is indicated on each photograph. 
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A. Gross load equals U79 pounds. B. Gross load equals' 529 pounds. 

C. Gross load equals 5$k pounds. 
D. Oroas load equals 5?U pounds. 

Sec in-c Pig 6 
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A.    Shot looking up through the 
Mylar cylinder with the duct Ti stole 
through the balloon. 

B.   flew of the bottoa of the cylinder 
showing the concentration of aatarlal 
carrying the load. 

C.   A new froa the balcony looking 
down at the completely inflated Mylar 
cylinder. 

Sec III-C   Fig 8 

D.   View of the bottoa of the cylinder 
•upporting a nan plus additional tension 
in the line. 
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balloon rose only approximately 200 feet in the air and came back down immediately. 

*l*     This was either because of under-inflation or because of damage in the Arena. The 

three flights following this first one were all extremely successful. They behaved 

as one might have anticipated and showed no evidence of deterioration at ceiling, 

at least in the period of 2ii hours. There was also no evidence in any of these 

balloons of measurable leakage. The sunset effect on these balloons corresponds 

to }%  of the displaced air rather than &f>  to 9%  of the displaced air in polyethy- 

lene balloons equipped with tapes. Tfcis reduction in sunset effect would be 

reflected in a direct reduction of ballast consumption in the same ratio, that 

is,the ratio of 3/9. Since essentially only sub-pressure cylinders have been 

tested, one of the future objectives of the program will be to investigate the 

zero pressure at the bottom and super-pressure balloons since these balloons 

should inherently be more stable and not show over-valving characteristics as 

do the slack sub-pressure natural shape balloons. These over-valving charac- 

teristics will be described in more detail in the next report in which the 

flights represented by the Mylar balloons are described in detail. 

A rather simple sequence can be set up for the design of a zero circumfer- 

ential stress, natural shape, cylinder balloon. It is to be stressed, however, 

that in order to obtain the proper performance from such a balloon, the procedure 

indicated below must be followed carefully. First,one must decide whether the 

balloon is to be sub-pressure, super-pressure, or zero pressure at the bottom. 

When this decision has been made, the ratio of the height of the balloon to the 

diameter of the balloon, or in a similar way, the ratio of the gore length to 

the diameter is determined. This means that the initial choice of how the balloon 

is to be operated, i.e. as super-or sub-pressure determines the ratio of the dia- 

meter to the height of the balloon as well as the cone angle at th« bottom. The 

S 
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way the ratio of diameter to height or gore length to diameter is a function of 

the sub-pressure height is shown in detail in connection with the REAC calculations 

on the natural shape balloon in Section III-B of this report. It is possible to 

operate a balloon whose gore length is 1.3 times its diameter as a sub-pressure 

or super-pressure balloon. A balloon made froraa cylinder of these dimensions 

will always have enough material to take on the natural shape regardless of the 

super-pressure. Our original choice of a cylinder U5' long by 25' diameter can 

be replaced by a balloon 1*5* long by 35' in diameter and the latter balloon can 

be operated as a super-pressure or sub-pressure balloon depending on the choice 

of duct length. Current designs are based on this result. 

It should be emphasized that the results of the theory must necessarily be 

used if the proper behavior is to be obtained from cylinder balloons in which it 

is possible by means of the duct to place the position of the zero pressure level. 

Confidential Security Information 



Confidential 
Page III-D-U. 

€ 

55nWTM!   TTTJ> 

COMPUTED "NATURAL" BALLOON SHAPE FOR A SPECIFIC 
REQUIREMENT OF THE MOBY DICK PROJECT 

The tailored shape of a balloon is not necessarily the shape that the 

balloon will assume when it is floating at its ceiling altitude. If the 

tailored shape is chosen arbitrarily (sphere-on-cone, etc.) there will be 

regions on the balloon in which the fabric develops (circumferential) tensions 

perpendicular to the gore seals, and other regions in which there will be excess 

fabric lying in folds. Both kinds of regions can be avoided by proper choice of 

the tailored shape. This shape is sometimes called a "natural shape" and is 

uniquely determined as a solution of certain differential equations once the 

quantities that enter the equations as parameters have been specified. These 

parameters depend on the following conditions: volume of the balloon (or gore 

length), weight and number of load bearing tapes, weight per unit area of the 

fabric, sreight of the load, and pressure difference across the fabric at the 

bottom apex (i.e., appendix length). A "natural shape" balloon will assume 

its tailored shape at ceiling altitude without developing circumferential 

tension or having excess fabric. 

The "natural shape" given below was calculated using a specific require- 

ment of the MOBY DICK project. The shape is applicable only to the conditions 

given. The calculations were made the the aid of a Reeve's analogue computer 

(REAC). 

Given Conditions 

Volume:   U9,100 cu. ft. 

Pay load: 285 pounds 

Fabric weight: 0.0127 lbs/sq. ft. (2.5 mil polyethylene) 

Tape weight: 0.00515 lbs/linear ft. (#890 glass filament) 

Approximate number of gores$  35 (5U inch fabric width) 

Circumferential stress: zero, throughout. 

Pressure difference across fabric at bottom apex: zero. 
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Coordinates 

r is the radial distance from the axis of the balloon. 

s is the vertical distance along the axis, measured up 
~~ from the bottom of the balloon. 

Both measurements are in feet. 

Values 

 «_ r z r 

0 0 29.83 21*. 63 
1.51* 2.25 30.38 2U.58 
3.70 5.32 31.05 2U.U8 
U.33 6.22 32.18 21*. 12 
6.1? 8.79 33.95 23.75 
6.9? 9.98 35.15 23.27 
8.38 11.75 35.31 23.18 
9.21 12.82 37.35 22.00 

10.32 114.12 37. U2 21.95 
12.1*1* 16.55 38.52 21.12 
15.1*8 19.26 U0.50 18.92 
16.95 20.39 1*1.62 17.13 
18.08 21.17 1*3.02 U*.02 
20.56 22.59 1*3.05 13.92 
22.23 23.39 1*3.78 11.17 
2U.52 2i*.l2 1*1*.12 9.51 
27.69 21*. 65 l*i*.26 7.55 
28.23 21*. 67 l*l*.36 5.1*5 
28.60 21*. 69 1*1*.38 5.oo 
29.29 2U.66 1*1*,39 0 

•'••) 
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SECTION III-E 

APFEHDII DESIGN 

The performance of the flights with open or standard appendices in the 

bottom of the balloon indicated that a definite mechanism to exclude air was 

essential in pursuing the study of balloon behavior. The flights prior to 

flight #36 showed that air intake through the appendix could be responsible 

for altering the flight characteristics so greatly as to make detailed analysis 

of the flights almost impossible. There was little possibility of determining 

the quantity of air in the balloons at any particular time and consequently its 

contribution to the static equilibrium of the system. 

The "Howell" effect, the characteristic of the balloon floating after 

valving at ceiling altitude for approximately one hour and then descending, 

was felt possibly due to the intake of air and the loss of helium by diffusion 

and turbulence at the appendix. Another possible expl nation was that as the 

balloon valved the free lift and the warming gas, it had a slightly larger 

volume due to the pressure required for valving. The balloon would assume a 

change of shape after valving and be different in volume. It was felt that 

an experiment which prevented overvalving and the intake of air would aid the 

analysis of the "Howell1' effect as well as other portions of the flight. 

The appendix designed to perform in this manner was the horsetail appendix. 

(Figure 1). In principle this was an inverted standpipe which controlled the 

pressure in the inflated balloon by the length below the base of the balloon. 

By placing the lower end below the base a alight super-pressure could be main- 

tained in an effort to keep the balloon from relaxing after valving. The base 

of the balloon was tied off so no air could enter at this point. In the inflated 

position, air could not flow up the horsetail because of the lighter density gas 

at the top and higher relative pressure. Diffusion of air and helium in the 
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pipe would be minimized by the small cross-sectional area and volume of helium 
• 
\»       in the appendix. 

The horsetail appendix used in flight #36 was attached to the balloon above 

the girdle. The free end was rolled up to the attachment point and was expected 

to unroll after the balloon extended to its full length. This unrolling did not 

take place, however, and the balloon rose to ceiling altitude and burst from the 

free lift super-pressure. 

The experiment was repeated on flight #37 with the horsetail unrolled prior 

to launching. After reaching altitude the balloon descended at once at 1000 ft/min 

to U000 feet below its ceiling. From this point it descended at a constant rate 

of 130 ft/min. What appeared at first to be overvalving and a descent to estab- 

lish static equilibrium by adiabatic compression was finally determined to be 

a structural failure at the appendix attachment point. Pictures from the up- 

camera showed a loose tape at this point, and also the illumination of part of 

the balloon by sunlight as though it were shining through a hole. Air was t&I»n 

in through this hole during descent. The comparison of pictures of the balloon 

descending with those of the ascending balloon showed much more volume at each 

altitude. The air taken in was also being adiabatically compressed and contrib- 

uted to the lift in the descent. It was decided to attempt a flight constants 

flight with the horsetail appendix in the hopes that the horsetail appendix 

would exclude more air than the standard appendix. Failure of this flight 

(flight #38) at ceiling altitude and the intake of air of flight #3? led to 

further changes in the appendix design and installation. The reason for the 

design change was because it was then realized at certain periods of the flight, 

the top of the horsetail appendix reached into a part of the balloon that was 

under negative pressure. At these times there would be a tendency for air to 

/        be drawn into the balloon. An attachment point which would be under positive 

pressure at all times was one near the top of the balloon. This means that 

as the balloon ascends or descends, the positive pressure difference which 
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exists would keep the air from flowing into the balloon at all times. 

Examination of the calculated balloon shapes for sub-pressure balloons 

indicated that the 73' balloon could oe iiown with trie duel out t>o <*. out- 

pressure length, about h,$ feet above the base of the balloon,without intro- 

ducing a significant volume defect (Figure 2). One inherent advantage in 

flying the balloon sub-pressure is that below the bottom of the duct there 

is no leakage of gas from the balloon. The tendency is for air to leak in. 

Because of its density compared to the lifting gas this is negligible. The 

first duct flight, flight #39» showed that a more positive method of rein- 

forcing the attachment point was needed. The tape reinforced heat sealed struc- 

ture became inadequate in the temperatures encountered in the stratosphere. 

The first satisfactory installation incorporated an aluminum clamping 

ring which clamped the balloon and duct in position (Figure 3). The duct 

itself is simply a tube of the polyethylene material as it comes from the 

polyethylene converter. The 5U" flat width tube opens up to form a 31" 

diameter duct. At the attachment point to the balloon this tube is gathered 

in on one side so as to form a 90° elbow, turning the duct tangent to the 

balloon surface. Sufficient tucks are taken in along this same side of the 

tube so the duct will conform to the inflated balloon shape. 

This installation was flown very successfully on flight #U0 and subse- 

quent flights. In flight #U0 after the balloon ascended to ceiling and valved 

through the duct, there was evidence of a very slight volume deficiency for the 

duct length used. The balloon oscillated with simple harmonic motion for seven 

cycles. The period of this motion was found to be five minutes which corresponds 

to the restoring force due to adiabatic expansion and compression of the balloon 

gas in the stratosphere. This oscillation continued for approximately UO min- 

utes, the time in which the balloon gas was coming up to equilibrium temperature. 

After this time the flight continued level at ceiling until affected by sunset. 
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Examination of the balloon photographs recovered after flight showed that during 

the time it could be observed, it contracted in descent in the same manner that 

it had expanded during ascent, proof that the duct appendix was successful in 

elminating the intake of air at ceiling and during descent. 

Some of these photographs taken from a camera in the gondola are included 

to show the appearance of the balloon and duct appendix during flight. The 

numbers correspond to flight numbers and to exposure numbers after launching, 

the interval between exposures being approximately one minute. 

The expansion of the gas bubble can be followed from shortly after launching 

(Ij0-ti2) up to ceiling altitude (1;0-137)» The duct appendix can be clearly seen 

in most of the frames. The inflated portion of the appendix is noted to extend 

down a little below the widest portion of the bubble. The remainder of the 

appendix hangs limp alongside the balloon fabric. The expanding gas forces 

the balloon girdle down and finally off the balloon and into the catcher 

()|0-130, UO-131) indicating the balloon is nearly inflated. In UO-137 the 

gas level approaches the bottom of the duct. Actual valving is taking place 

in UO-lliO and l;0-ll»3 as can be seen by the opening in the duct. The duct 

appears to close after this (1*0-11*8) as the balloon maintains nearly constant 

altitude. Towards sunset (l|0-290) the folds in the balloon deepen as the 

volume and alti+.'ide decrease. It should be pointed out that in flight #1*5 

a duct installation with the aluminum clamp rings ?ras made on a 1-ndl balloon. 

The attachment point was lit. feet from the top of the balloon, in a similar 

position that was used successfully in previous flights of heavier balloons. 

Failure in the thin Material in the vicinity of the duct showed that local 

stresses were not taken up properly in the general area of the duct. At 

this time a switch was made to the top center installation where the balloon 

is much more reinforced. Consequently no further attempts to strengthen the 

structure away from the center of the balloon were made. 
C 
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Other methods have been used to install the duct appendix in the balloon. 

In Figure k  the method designed and used by Winzen Research is shown. It 

consists basically of an aluminum ring structure at which the balloon tapes 

are terminated. The duct tube is taped over the hole thus formed and taped 

down one seam of the balloon. 

A duct five feet in diameter was made and flown on a General Mills type ll6l 

balloon. The details are shown in drawings BA-U90B. A 3000 pound pre-streesed 

nylon line was passed through the loop tie-ins to maintain the structure in the 

top of the balloon. This was flown in flight #66 which failed at 67,000 feet. 

The cause of failure has not been ascertained. The duct appendix attachments 

to the balloon have had no adverse effect on, nor have they complicated the 

balloon rigging and launching method developed by the University of Minnesota 

described in the last report. The appendix is handled similar to the rest of 

the balloon fabric in packing. It remains uninflated in the horizontal weigh- 

off position during launching. Only after the balloon is erected and the 

diaphragm cord is pulled does the appendix, along with the top of the balloon, 

become inflated. The gas zero pressure levels in the balloon and the appendix 

coincide, and this level can be seen quite distinctly in the appendix. One 

additional step in the launching procedure involves the tie-off of the bottom 

to form an air tight barrier. This is done by collapsing the former skirt 

appendix and binding it tightly about the balloon load ring with a piece of 

scrap polyethylene. 

The pressure required to force the gas through the duct can be compared 

theoretically with the pressure required to valve through a simple orifice 

type appendix and also with the pressure of the head of gas already in the 

balloon. A typical case may help to illustrate these relative pressures. 

The 73* diameter balloon (225,000 cubic feet) has a ceiling altitude of 

87,000 feet (20 mb) with a gross load of UOO pounds when helium inflated. 
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Assuming the zero pressure level to be at the base of the balloon, the head 

is 102 feet. At 20 mb this is equivalent to 0.1 nib of air or 0.086 mb 4£ 

differential pressure of air and helium. 

ine  vaxTxng pressure tnrougn an ori-tice is given uv   one oqimoiuti: 

A* 
*P 3 jWyVypM 

where   p - pressure, (millibars) 

V • volume, (million cubic feet) 

S<m rate of rise (1000 ft/min) 

M = molecular weight of gas (gms/mol) 

A • orifice area (square feet) 

With a rate of rise of 800 feet per minute and an effective appendix 

diameter of 2| feet,A p turns out to be 0.0015 mb. If this orifice were in 

the base of the balloon where it could take in and later valve air, the valving 

pressure would be more than seven times this amount while air was being valved. 

Poiselles law for the flow of gas through a tube can be written: 

where A p • pressure (degree/cm^) 

V s volume flow (cm3/sec) 

/U s viscosity (poises) 

X s length of tube (cm) 

&,m radius of tube (cm) 

For a 130 foot tube of 2h foot diameter,Apis equal to .0025 mb. It can be 

seen in this case that the valving pressures are at the limit of negligibility 

compared to the head pressure. 
cone-on-sphere 

Principally because the 73' diameter^balloon is more nearly shaped like a 

natural sub-pressure balloon, most of the duct appendix flights have been flown 

sub-pressure, or with the base of the daot higher than the base of the balloons. 

In comparison with former appendices at the base of the balloon$  the sub-pressure 

* Transition effects ignored. 
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duct has the following characteristics» 

(a) Diffusive or turbulent mixing of gas and air through the 

appendix is eliminated. 

(b) Decrease in valving pressure by earlier valving and valving 

only the lighter molecular weight lifting gas. 

(c) Decrease in balloon stress because of decrease in head pressure. 

(d) Decrease in loss of gas .Vom pressure leaks because of decrease 

in head pressure. 

(e) Termination of the flight at sunset because of decreased stab- 

ility of a slack balloon with no air intake. 

With the exception of (a) above, the opposite effects may be expected 

with a super-pressure balloon, one with the duct below the base of the balloon. 

The most interesting is the converse of (e), the possibility of greater stab- 

ility with a balloon held full by super-pressure. This is discussed in 

Section III-D of this report. 
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SECTION IV 

HANGAR INFLATION TESTS OF PLASTIC BALLOONS 

Arrangements w»r* marie through the Office of Naval P.eseai-Cii Lu use a part, 

•of Dock 2 at the US Naval Air Facility, Weeksville, North Carolina, to inflate 

plastic balloons for the purpose of obtaining first hand information on the 

appearance of these balloons when fully inflated and for obtaining measurements 

of stress, balloon shape dnd for the detailed study of the various defects that 

might be observed in the hangar but which are very difficult to observe during 

the flight of the balloon. The balloons chosen for the measurements were those 

that were available at the end of July 1952 and consisted of the following: 

General Mills, Inc., type 733J-13S, 2-mil balloon #1*78 

Winzen double-wall, 1-mil, #2-100V-10li made on Air Force 

contract No. AF 33(600)-l5l82 

Winzen 1.5-nri.l #l50V-ll*7 

Winzen 1-mil, type 733, #157 packed by Minnesota method 

General Mills, Inc., type 73U-EH, 2-mil, double-taped balloon #192 

General Mills 39'"natural shape? type and number unknown, intended 

for Mastenbrook Project. 

The various things that were investigated are as follows: 

I. Inflation and Gas Sampling. The balloons were inflated with a mixture of 

helium and air which, when the balloon was full, would give the desired lift. 

This was accomplished with a centrifugal blower and a carbureting device through 

which the helium was injected and well mixed. The gas proportions in the balloon 

were measured from top to bottom by carrying up a sampling hose and using a 

thermal conductivity gas measuring instrument. 

"; 

Q 
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II. Shape Measurements. Balloon shape measurements were made by a number of 

different methods, namely by the use of two surveying transits which were set 

up in the hangar and sighted on lights which had been strung along one of the 

balloon tapes around the side down towards the bottom. Plumb bob lines were 

hung also from known places on the lower portion of the balloon and from the 

length of the lines and the distances out the underneath profile was measured. 

Also peripherial measurements were made from gore to gore before the balloon 

was inflated. Due to fabric stretch these measurements have not been consid- 

ered reliable. Many photographs were taken from various angles but in part- 

icular an 8 X 10 camera was set up in a measured position and the camera 

carefully adjusted to take a photograph of the balloon suitable for later 

analysis on a comparator. The top portions of the balloon were photographed 

from a catwalk above the balloon itself. 

III. Stress Measurements. Stress measurements were first attempted by means of 

attached strain gages with spring balances but this proved unsuccessful and a 

vibrating bob type stress gage was developed and will be described later in 

another report. 

IV. Hangar Launch.  A University of Minnesota packed balloon was inflated 

in the hangar and the gas allowed to transfer just as in flight. The balloon, 

however, was kept secured to the floor. The inflation was continued using 

air so that the girdle was forced down in a manner resembling flight conditions 

and the slippage was investigated. The balloon was inflated until it burst and 

the bursting super pressure measured. 

V. Heavy-load Inflation. A 2-mil thick balloon was inflated with a mixture 

which enabled it to lift about one ton when fully inflated. The balloon was 

examined carefully and the effect of the large stresses was observed. 
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* 
VI. Rate of Rise Measurements. A series of rate of rise vs. free lift measurements 

•were made on 7' balloons inside the hangar. It was found that large temperature varia-    (~\ 

tions existed in the hangar and these measurements have so far not been analyzed. 
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DETAILED PROCEDURES AND RESULTS OF TESTS 

I. The balloons were inflated with a mixture of air and helium which was 

supplied to the balloons by a centrifugal blower. It was necessary first 

to insure that the helium and air were well mixed as experience and cal- 

culation shows that at atmospheric pressure the diffusion is so slow that 

any unmixed, volume of air would remain settled out in the bottom of the balloon. 

This would produce a distorted hydro-static pressure head and change the balloon1s 

shape. This is strikingly shown in Section IV, the Hangar Launch Tests. It was 

also necessary to control the relative fraction of helium in the air so that the 

fully inflated balloon would have the proper lift corresponding to normal loads 

carried at ceiling altitude. A diagram of the inflation set-up is shown in 

Figure 1. A 1000 cubic foot per minute centrifugal blower with a 1 hp motor 

was used and a carburetor was attached inside the intake tube. The carburetor 

consists of a small tube with many fine hol^s around its exterior. The helium 

fed in with measured pressure was sprayed out through these fine holes into 

the intake side of the blower. The vacuum on the intake side was also measured 

with a water manometer. A photograph of the blower and a partially inflated 

balloon is given in Figure 2. The blower was calibrated before leaving for 

Weeksville by inflating a 20' diameter balloon of known volume and measuring 

its lift. The calibration curve for this blower is given in Figure 3. 

Most of the inflations fell into the 3-1$ range and were well suited to 

analysis by a thermal conductivity type meter. Accordingly a gasalyser was 

obtained for this purpose. Absolute calibration of the gasalyzer was obtained 

from mass spectograph analysis of gas samples made on the Physics Department 

routine analysis spectograph. Because the balloon did not become buoyant until 

ne&rly one-half full it was hung from the top ring to a block and tackle sus- 

t 
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poiiueu from the roof of the hangar. Then as the inflation proceeded and the bal- 

loon became buoyant the top rope was removed from the pulley and the balloon 

was placed over the tie-down point in the center of the hangar where the inflation 

was completed. The inflation required h  hours and bO minutes for a 22$,000 cubic 

foot balloon. Gas samples were made by suspending a rubber tube from a string 

which passed through a ring inside the top of the balloon. A vacuum pump was 

used to extract the samples. T>,e mixture was pumped through the gasalyser and 

was also admitted to evacuated sample bottles for mass spectograph analysis. 

Figure k is a general view of the gas sampling procedure* 

Figures $ and 6 give the calibration curves for the gasalyser under the 

conditions of standardization given on the figure. The vertical concentration 

profile for the various balloons sampled is given in Figures 7A and 7B and the 

corresponding gross lift is also listed. It will be noted that the concentration 

is quite uniform down to a point about 1$ feet above the appendix opening at 

which point the helium percentage drops off to zero at the bottom. This is a 

relatively small fraction of the total volume and possibly represents the set- 

tling out of the unmixed portion of the air. The results of the transit and 

plumb bob measurements are given in Figures 8 through 11. The first three of 

these refer to the cone-on-sphere type balloon and the last one to a balloon 

whose upper portion approximates the natural shape balloon with zero circum- 

ferential tension. It is notable on the first three balloons that they tend 

to depart from the sphere profile for which they were designed towards the 

natural shape balloon by bulging out on top and contracting in the upper 

conical section. It is not certain how much of this is due to stretching of 

the material while inflated compared to the error in manufacture although it 

seemed evident that there was a deficiency of material in the conical portion 
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SEC.BT FIGURE    7-A,  VERTICAL  CONCENTRATION   PROFILES 
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so that the balloons were concave at that point. 

Figures 12 and 13 are views of a General Mills and Winzen cone-on-sphere type 

balloon made with an 8 X 10 view camera placed 350» from the balloon. Figures ll* 

and 15 show the upper portion of these balloons taken from a point one-half way 

up the hangar with a h X 5 camera. Careful measurement of these negatives were 

made on a microscopic comparator using the hangar door as a comparison grid and 

the meridional prclile was calculated considering the geometry of the situation 

and assuming that the balloon was axially symmetric. The crown photographs were 

used to fill in the upper portion of the balloon as this was not viaible to the 

floor camera. The composite result of these two photographs is given in Figures 

l&and 13A. it will be noted that the tape length measured from the figure checks 

the actual measured tape length very closely. It should also be noted that the 

balloon departs from the theoretical cone-on-sphere profile in every case by 

contracting in the conical portion and near the equator, and by bulging out on 

top* 

II. Shape Measurements. Prior to the beginning of inflation each balloon was 

laid out on the floor and one of the balloon tapes was marked every 10 feet 

starting at the top with a cross. The balloons starting with the second one 

tested were equipped with small flashlight bulbs which were wired along one 

of the gores every 10 feet down from the top and around the equator. It was 

found that the black crosses were not visable to the transits when sighting 

through the plastic from the other side of the balloon. It was determined 

that this was the best way to measure the profile by transits and that the 

lights gave something to focus on. From the lower portion of the balloon 

below the equator, fish lines were attached every 10 feet and the length of 

the fish lines was carefully measured.  The fish lines ware terminated in 

plumb bobs whichlafter the balloon was inflated$could be adjusted until they 
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Sec IV Figure lit. Top view of GMI 73' balloon with a gross lift of about 1*50 
pounds. Note the bulge about 10' down from the top with a flat section above. 

9 
I **'. 

'" w*Nwfk& life*.. -; 

Sec IV Figure 15. linzen 73' balloon inflated to about h$0 pounds gross. This 
balloon also had a flattened top as can be" seen from this photograph taken about 
half way up the hangar. 
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point to the plumb bob and knowing the length of the string up to the balloon the 

coordinates of the balloon could be determined. The periphery of the balloon was 

a!Iso measured at four places* 1. At the equator, 57.5 feet from the top on the 

l/k  million cubic feet cone-on-sphere type balloons. 2. At a point half-way 

down the equator, 28.5 feet from the top. 3. At 77.h  feet from the top which 

was expected to be the point where the stress is large due to the change from 

spherical to conical profile. U. At a point 100 feet from the top. 

Tve width of each gore was measured with a hand ruler all the way around the 

balloon to get the periphery. It was found that this type of measurement was not 

very good bscduoc zne plastic was stretched a little bit in an attempt to remove 

the wrinkles and the additive errors being all in one direction gave a sizable 

error in the result. 

The balloon was a?i.so equipped with an internal line passing through a ring 

at the top which could be used to raise a sampling hose for the gas sampling. 

Photographs were taken of each balloon with an 8 X 10 camera placed about 350* 

away from the balloon down the hangar. This camera also photographed the grid 

work on the hangar door behind the balloon. This grid work was then surveyed 

carefully and the exact dimensions of the steel girders, height from the floor, 

etc., were determined so that the photographs could be standardized by measure- 

ments against this grid. Unfortunately only two balloons were successfully 

photographed with this equipment due to difficulties encountered in the US Naval 

Air Facility Photographic Laboratory, but these two photographs have been 

measured out and the results are given. This latter consitutes the most accurate 

way to determine the balloon shape. The transit measurements were evaluated by 

geometry knowing the position of the two transits on the hangar floor, the 

position of the tie-down point of the balloon and the various angles involved in 
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the transit measurements. Difficulty was encountered in making the transit 

measurements because the balloons were never quiet and even at night, due 

the convection currents in the hangar, would slowly move about. Accordingly, 

the two observers would follow the lamp on the balloon and when one of the 

plumb bobs hanging below the balloon passed over a fixed mark on the floor, a 

signal was given and the two observers would read'together. The plumb bob 

measurements were also, troubled by the motion of the balloon and accordingly, 

the outer plumb bob was used as reference and measurements taken on all the 

others when the outer plumb bob passed over the fiducial mark. 

III. Stress Measurements. These will be treated in a later report. 

IV. Hangar Launch Tests. It was felt desirable to inspect the University of 

Minnesota launching process at close range and accordingly a packed balloon was 

inflated in the hangar and the launching operations carried out so that the gas 

transferred and the balloon erected to its full height,but was at all times kept 

secured to the floor of the hangar. Still photographs, of which representative 

pictures are included here, and movies were taken of this. To simulate the 

continuing rise of a balloon in normal flight and the accompanying expansion 

and forcing down of the girdle, air was blown into the balloon and the slip- 

ping of the girdle as the top filled out was observed. 

The hydrostatic head of the air being zero with respect to the outside , 

the shape of the balloon was quite different from that of a helium filled 

balloon, as can be seen from the photographs.    This did not affect the 

characteristic slipping of the girdle which depends only on the angle of 

the fabric above it, the coefficient of friction and the weight of the girdle. 

A discussion of the girdle slipping problem is given in the first progress 

report. The vertical concentration profile of helium in this balloon when ' } 
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completely full of helium and air is shown in Figure 7B. The helium remains at 

the top of the balloon completely but even there it is considerably diluted by 

air. An attempt was made to mix the air by blowing it in at the top through an 

inflation tube carried up inside on a small balloon, but this was relatively 

ineffective. Following the girdle slip test the air inflation was continued 

until the balloon ruptured from super pressure. The super pressure was 

estimated by connecting an aircraft altimeter to the interior of the balloon 

and a vilue of 8' of normal atmosphere was obtained. The balloon failed near 

the junction of the sphere-on-cone sections as would be expected from the theor- 

etical stress considerations for this balloon shape,  (in this connection see 

the first progress report, Page 3-7, Figure 1). The hangar-launch test gave no 

evidence of damage to the balloon which confirms the experience with numerous 

launchings using this technique. 

Figures 29 - 3U illustrate various phases of this test, with self-explantory 

captions. 
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V. Heavy-load Inflations. The Winzen double-wall balloon #2-100-V-10li, 73.3' in 

diameter,was re-inflated with a mixture of about 17^ helium which would give a 

lift of approximately 2000 pounds when the balloon was full. The stresses in 

the balloon top, according to theory, would still be less than the ultimate 

tensile strength of the polyethylene and it was therefore a good test of the 

heat seals and general strength of this type of balloon. The balloon, of 

course, was not designed or guaranteed by the manufacturer to carry a load 

of this magnitude. This balloon was made with No* 880 nylon filament tapes. 

The results of the test are given in the series of photographs followed with 

a discussion in the caption of the photograph. 

The correspondence between such an inflation and a balloon in flight is 

that the conditions represent this balloon at about 50,000 feet of altitude at 

all times but with a load and accordingly a volume which increases until the 

balloon is full. 

Figures 16 - 38 are various aspects of the heavy load inflation. The figure 

captions are self-explantory. 

) 

J 
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Figure 16.    Balloon just lifting its swn weight, 235 pounds gross, near beginning of inflation. 
The small balloon to the left was a 39* balloon of special design. 
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Figure 17. A later stage of inflation. Lift about l$0 pounds. *Note the regions of nezative 
pressure where the fabric bends inward. The top of the balloon is tight but there is^xceei 
fabric ewjuAere else. In the regions where there is excess fabric the balloon aasuraMt 
natural shape, at least between the large folds which extend down to the tie point.       * ~ 
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Section      ___________ ^^^^^^ 
Figure 18.    The gross lift has increased to about 1000 nounda  "'ill mUZ^^^^^*?**** 

,can be seen at the bottom   The fabric scallops inward £to£_ ^tSS^LTSS'S! ^^ 
and outward between the tapes above the equator.   tS hLn^ J.JZTJL   \T ^* eqUator 

aSTSi Sr^TSS1^ H^ %*???£ a^tnelalfoon^0 
r«p_a_y xaxe air ana fill out until the negative pressure regions disappear. 
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Figure 19. Gross lift about 1500 pounds. The scalloping is more pronounced and the balloon 
is quite open at the bottom. 
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• Section 
Figure 2C.   Balloon ooqpletely Inflated.   n~**m n#* on»* nounrtTiEi^TT-??^^^^^^1- 

^»er portion but the eppeerance la generally food. 
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Seci 
Figure 2u. View of top of balloon taxen through the appendix opening at the bottom. The 
closed patched region is a section which was ripped out to deflate the balloon on a previous 
inflation. A tie rope for gas aajpjjjg hangs down the center. 

€ 
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Figure 25.    Appearance of balloon bottom in the hlarHo^d test''   nn« „*. •        , ZZ  
ropes have, failed with the result that the adjacent areat tSfnr, X S *? °f the load 

ferred through the plastic as can be seen by EXLSZ *Z&^2££ "** iS *"- 
:) 
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Section 
Figttr* 27«   Deflation completed.    The balloon on right hag alao been deflated prerioualy, 

'3 
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(Figure 28. Showing the failure of the rip panel patch which occurred during the night as 
the balloon regained under full inflation. This shows the inportance of heat sealing every 
part of a balloon which is under tension as the tapes creep and slide under constant force 
The panel was ripped out to deflate the balloon following the first light load inflation 
and was patched entirely with tapes as shown before the heavy loae inflation was begun. 
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Figure 30.    Close-up of plastic feeding through the girdle.    The girdle slipped very smoothly- 
not by sudden jumps as might be expected.    As far as could be seen no stretching or abrasion 
of the plastic resulted from the slipping.    The cone angle of the plastic is approximately 
60° as would be existed from, frh«arv.      
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33. Rupture occurring near point where cone joins snhere  Note lai.,,* t^ZZ—Tl~ 
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Section IV! 
Figure 3li. Final failure of balloon which released super-pressure, it is evident that 
balloons which are not able to valve sufficiently fast upon reaching ceiling become super- 
pressured and fail in 4 manner similar to this with the difference that the plastic is cole 
and may fracture in an irregular manner. 

1) 
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Figure 36.    Showing the folds in the plastic as the balloon fills out.    At bottom left 
center and middle left center can be seen regions where sticky tapes cause adherence of 
plastic.    Note stress concentrations in many regions along the tapes.    This is a ftinzen 
double-wall. 3 
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••     •Section TVJ 

Ti^ld773.DbSotn!nt °f nSgatiVe pressur^e^°ns"n.^TSik fold in a partial!? 
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\__ VI - Miscellaneous 

The following series of photographs are miscellaneous details of balloon 

inflations which are of interest for specific reasons. The details of interest 

in each photograph are listed in the captioni 

Confidential Security Information 

IKMH%.f 

" 
"'V - »-<«**,..< w 



Page IV-127 Confidential 

f 

2 

Confidential Security Information 



Confidential 

•  -„ ,.   ... r.,.. -• 

Page IV-128 

ss* 

-**.. 

* 

•)k4. 

Confidential Security Information 



Page IV-129 Confidential 

O 

&# jbpteto* «i **&&»* 8Ug«« of inflation or deflation.   Ojff 7?: 2-*u thi«M 
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Figure U2.    Wrinkles observed in fabric of G1H 2-mil balloon probably because of the 
fact thai; gores are normally made of flat material.    There are no serious stress con- 
centrations shswing here.   , 
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Figure U5- Top interior view of inflated double-wall balloon. Rip panel has iust bean 
pulled out and deflation has begun.     J 
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r4Lure JU3•    Pottora of 'Vinzen 1.5-ndl balloon *itv> wrinkles 
from tane to fabric ana on to other tar*js. 
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Figure $0. Inflated GMI type 73U-EH, 2-mil balloon with natural shape and double tapes. 
This balloon was lifting about 150 pounds which is much below the design value. Alternate 
tapes appear to be shorter and carry most of the tension. The others are wrinkled and 
slack. The tight tapes are those over the heat seals. 
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Figure 51. Partially inflated GMI 73U-BH balloon. It is at this stage of flight that the 
excess fabric in the top provided by the natural shape is especially important as the ten- 
sion in the plastic is higher as the load is hung from a smaller area. 
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SECTION V 

DIFFUSION AND MIXING OF GAS IN BALLOONS 

A* General Discussion 

It is common airship experience that it is difficult at atmospheric 

pressure to mix gases in balloons. That is, if one should inject air into 

a large balloon and then blow helium into it, it is found that the helium 

layers out on top. The reason for this can be seen from a simple diffusion 

calculation which will be presented below. It is of some interest to make 

diffusion calculations because of the effect of air on the behavior of con- 

stant volume balloons. Several of our flights are of special interest in this 

regard. 

Flight #12 had an open appendix. It climbed initially to 90,000 feet 

(3000 feet below theoretical) During the ascent it was observed in the up- 

pictures that the balloon took in a large quantity of air, of the order of 

three times the volume of helium. However, only a small fraction of this air 

remained after valving as evidenced by the altitude being only 3000 feet below 

theoretical. The altitude indicates that after valving^only 10$ of the balloon 

volume was filled with air. In other words,the air that was taken in layered 

out at the bottom of the balloon and was valved when the balloon reached ceiling. 

After flight #12 reached ceiling it floated level during the day and descended 

at night to 1*0,000 feet. During the next day it climbed back to an altitude of 

78,000 feet. Hhen the balloon was observed in the morning at U0,000 feet it was 

completely full showing that air had been taken in. In spite of this the bal- 

loon valved most of this air back out again indicating layering of the gas. At 

U0,000 feet the balloon mixture was 92% air and 8% helium. After leveling at 
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78,000 feet the mixture was approximately 50Jt air and $0% helium. If the air 

and helium had mixed at 1*0,000 feet the balloon could only have risen a few 

thousand feet at sunrise. The new altitude during the day indicated the extent 

to which mixing had taken place. This balloon repeated the descent and rise 

at least one more night. T^e table below shows the results already statedj 

r\ 

Flight #12 

Condition Time Altitude Pressure-mb Mixture 

Ascent Hay 12 60,000 72.0 70% air 30$ helium 

After valving May 12 90,000 17.5 10$ air 90% helium 

After descending May 13-0630 Uo,ooo 188.0 92% air Q%   helium 

After ascent 
during day 

May 13-1200 78,000 31.0 50% air $0% helium 

The data show that some mixing takes place but that if the time is short most 

of the air is valved, provided the balloon is at low altitude, (high pressure),where 

the diffusion is slow. The data also show the increase in concentration of mixed 

air as time goes on. This will make the balloon reach lower ceiling altitude on 

successive days. 

In contrast to this behavior, a balloon which is floating at low pressure 

with unmixed air and helium can mix them quite rapidly. Flight #32 was a good 

example of this. The balloon showed a Howell effect - it began descending 55 

minutes after reaching ceiling. After the balloon had been descending for four 

hours at approximately 50 feet per minute, 10 pounds of ballast WSB dropped by 

radio. The ballast was sufficient to stop the descent. After thirty minutes 

more of level flight, 20 pounds more ballast was dropped. This did not cause 

a measurable change in altitude nor did the balloon rise subsequently. The 

pressure altitude remained 50 mb for five more hours at which time 30 pounds 
1) 
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of ballast were dropped. The balloon rose rapidly from 5U to 5l mb and 

leveled off. Since the ballast represented the same fraction of the air 

displaced that the change in pressure was of the total pressure, the con- 

clusion is that complete mixing of the air and helium had taken place. 

To summarize the experiments, the Indication is that the air-helium 

mixing time at UO mb is of the order of three to five hours and that the 

reason complete mixing does not take place on flights that descend to 200 mb 

or so is that the mixing time is correspondingly slower at the higher pressure. 

Rather careful calculations of the diffusion of helium and air are 

presented in this section but the following argument gives the essential physics 

of the problem. Consider first the case of a balloon which is half air and half 

helium. The time constant for mixing,*/, is related to the diffusion constant D 

and the mixing length by the following equation: 

The diffusion constant depends on the pressure in the following way: 

D^ m -s— where D is the p   P        p 

diffusion constant at pressure p and E^is its value at pressure p . It can be 

seen that the lower the pressure the faster the diffusion. Combining the two 

equations and inserting a value for the diffusion constant gives 7(hour^ * U.2 

X 10"^L2p where L is the mixing length in feet and the pressure is in mb. For 

a 73* diameter balloon, the mixing length vould be approximately 36* and the 

mixing time: 

' (hours for 73' balloon) * **6 pmb 

this would predict a mixing time of about 20 hours at 1*0 mb but the mixing would 

take place faster with some turbulent convection in the balloon. At sea level 

(1000 mb) the mixing time would be of the order of 500 hours in qualitative 
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agreement with the Weeksville tests. (See this report Section IV) 

It is clear that the nixing is faster for smaller balloons at the same ,} 

pressure and also faster at lower pressure for the same balloon* 

It is also of some interest to consider the problem of diffusion through 

a standard appendix. A simple calculation shows that in this case the mixing 

time isj 
Ys LV 

where L is the appendix length, V,the balloon volume. A,the appendix area and 

D,the diffusion constant characteristic of the pressure considered. A small 

end correction must be applied to L. For appendices which hare lengths twice 

their diameter, the following expression holdst 

AD 

If the appendix is long compared to its diameter the l.Ul should be replaced by 

1.    Since 7"* is the time constant,i is the fractional loss of lift per unit time. 

The equation then becomes: 
2 

PsE7F    (3.32X10') 

where P is the percent loss of lift per day, L is the length of the appendix in 

feet, d the appendix diameter in feet, V the balloon volume in cubic feet and p 

the pressure in millibars. 

To consider an example, take a 73* diameter balloon; appendix length eight 

feet; diameter four feet and a pressure of 20 mb. The value of P is 1.1$ per 

day. Thus a standard skirt appendix can lose as much lift by diffusion through 

it as 1 to 2% per day. 

There are a number of important consequences of the understanding of the 

diffusion of air and helium in balloons in the theory of ballooning. The first 

of these that will be discussed will be the effect of air on the initial rise of 
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the balloon to ceiling. Prior, to the beginning of the Minnesota project, with 

the exception of a few appendix attempts on project GOPHER, all SKYHOOK balloons 

had been flown with more or less standard skirt appendices whicl hung straight 

down from the bottom of the balloon and through which the free lift gas was 

valved. These standard appendices were normally open unless they were closed 

by the Bernoulli forces due to the large flow of gas through them. Examination 

of a large number of up-pictures from our balloon flights with standard appendices 

and with open holes in the bottom of the balloons led us to the conclusion that 

a balloon which is rising normally reaches a point at which the balloon would 

like to intake air through the bottom because of the fact that the pressure at 

the bottom of the balloon is always less than the pressure at the bottom of the 

gas bubble and less than the atmospheric pressure. Finally the weight of the 

load hanging on the balloon opens the bottom up and at this instant the balloon 

begins to intake air very violently. A typical example of this was our flight 

#8 which first took in air at 80 mb and became completely full by the time the 

balloon had reached Ul mb. When the balloon finally reached ceiling, this 

ceiling was 26| mb as opposed to l8£ theoretical ceiling. Obviously the balloon 

had intaken air violently and because of t he low pressure had partially mixed 

that air. A very noticeable effect was observed in the time altitude curve and 

the fact that the balloon did not reach theoretical ceiling is proof of the part- 

ial mixing of the intaken air and helium. Fortunately the rate of rise was 9U0 

feet per minute; it is believed that if the rate of rise were less than this the 

air would have had a longer time to mix and consequently the balloon would have 

reached a ceiling even farther below its theoretical ceiling. Many SKYHOOK 

flights have shown this property, namely that a balloon which rises too slowly 

misses its theoretical ceiling by an appreciable amount and a number of cases 

showed that a balloon with a very small free lift which rose extremely slowly 

would not get even close to theoretical ceiling. The standard skirt appendix 
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op high rates of rise does a fair job of keeping out air and by controlling the        , ) 

factors one can reach a ceiling several thousand feet below theoretical. The 

danger, always present however, is that if the free lift is too low and the 

balloon rises slowly, it will reach a low and poorly predictable ceiling. 

The other effect of great importance to ballooning is the behavior of a 

balloon with an open skirt appendix which descends for some reason or other. 

Such a balloon will freely take in air, since it descends slowly, mix the air 

and stay full. Since it now has an air-helium mixture in it, its ceiling is not 

as high as it was previously and in fact,the more air it takes in and mixes 

the lower will be its theoretical ceiling. An additional effect of the intake 

of air as the balloon descends is to greatly increase the drag because of the 

thermodynamic drag introduced by the very large mass of air, thereby slowing 

the descent rate a great deal. Upon dropping ballast one will find with such 

a balloon that it is impossible to drive it back to its original ceiling again 

and the gain in altitude upon dropping ballast will be the same fraction of the 

pressure that the ballast is of the air displaced  Pre-mlxing of air and helium in 

a balloon which can intake air is then capable of completely annulling the 

possibility of very extended flights if the balloon is allowed to descend at 

any time. 

6* Mathematical Study of Diffusion Mixing 

1. Introduction. We shall consider two different diffusion situations in 

this report. In the first a balloon is floating at a fixed level, taut with 

the appendix open. Initially the balloon is to be filled with soze gas H. 

We then wish to calculate the average concentration of the given gas in the 

balloon at future times. 

The second situation arises as follows. At sunset the balloon descends 

and during the descent, air is taken into the balloon in large quantities. 
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We suppose that at the finish of the descent the balloon is, by volume, half 

air and half H completely separated. The air is to be in the lower part of 

the balloon, H in the upper part. At sunrise the balloon will rise again and 

some of the mixture of air and H will be forced out. Were the balloon to reach 

the altitude it was at originally, half of the mixture would be ejected. If we 

calculate then the average concentration of H in the upper half of the balloon 

at sunrise we can determine the loss of lift brought about by the diffusion of 

air and H overnight. 

During this process we assume that the appendix is closed. Were it open, 

the result would be substantially the same since we find that there is comp- 

aratively little diffusion in the situation discussed in the first paragraphs. 

Actually the balloon will not reach its former ceiling at sunrise. From 

loss of lift calculated above a tentative new ceiling can be found. Then a 

more accurate value for the fraction of the mixture forced out can be calculated. 

From this a new average concentration of H is obtained, and a new loss of lift 

determined. The procedure may be repeated as long as desired. In this report 

we only calculate the first value for the average concentration of H. 

The theory of the diffusion equation is the same as that of the equation of 

heat conduction. This is adequately treated in (1) and (2)* the latter being 

more thorough. The material on Bessel functions needed in (U)is conveniently 

available in (5), particularly the list of formulas at the end of the text. As 

much as we need of Legendre polynomials is in (l»). A more complete treatment 

of Legendre polynomials may be found in (6). The mathematics necessary to this 

report are all contained in the above works to which we shall refer as needed. 

2. General Assumptions. We consider the balloon fabric as a surface 
I 

rather than a solid. The concentration of some appropriate gas is then defined 

I !       after diffusion starts everywhere except on the surface of theballoon. Initially, 

•Numbers in brackets refer to references listed at the end of the report. 
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the situation is the sane except that there say be additional surfaces where 

I     the concentration is undefined. 

While diffusion goes on we assume that the temperature and the total pressure 

of air and H is independent of position and time. *e also take the diffusion 

coefficient D to be independent of the ratio of the concentrations of the two 

gases. Thus our diffusion equation 1st 

DV2 C -£|- = 0 (1) 

where c is the concentration of the appropriate gas, and t is the time. 

This equation is to be satisfied for t greater than zero and everywhere 

except on the surface of the balloon, We assume that there is no entry or escape 

of gases through the balloon fabric; so that on the surface of the balloon we 

have the boundary conditions: 

• 

0 (1«) 

where n^ and n,, respectively, are the directions of the interior and exterior 

normals to the balloon surface. Note that c is not in general continuous across 

the surface of the balloon. The value of j£ ?-     is obtained by first defining a n^ 
c on the surface of the balloon as the limiting value of c from the interior and 

then by differentiating. The treatment of QLSL   is similar. 

We take the shape of the balloon as in Figure 1. The irregular shape of the 

balloon makes the solution of the diffusion problem difficult even when the appendix 

is closed. Thus more regular shapes were taken as approximations to the actual 

one. When the appendix is open the problem is difficult no matter what th-t shape 

and then additional boundary conditions are imposed to yield soluble problems. 

Thus, the true shape of the balloon plays little part in the discussion. 

However, the dimensions are used to give reasonable values for the parameters 

in the approximate solutions. 

For numerical calculations we take H as helium, a pressure of UO mb and a 
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temperature of 218°A.    The value D0 for D under standard conditions is 0.63 cm /sec. — 

Converting this to our conditions by means of 

»- »o $» (fe) *•« 

we have D s 10.8 cm /sec or U3.2 ftfy hour. 

3. No Air in Balloon Initially.  At the upper end of the appendix the 

concentration c of H is never more than K* the fixed total concentration of 

air and H. At the lower end of the appendix c is never less than o. If we 

knew the values of c at the two ends of the appendix, we could solve the diffusion 

problem for the appendix, and calculate the amount of H lost into the atmosphere 

from the gradient of c at the lower end of the appendix. Unfortunately we do not 

know these valuesj but if we used K and zero, it seems reasonable that we would 

lose more H than in the actual case.  (This argument is especially plausible if 

the problem is considered as one of heat flow. A rigorous proof would be des- 

irable.) For the approximate problem the solution depends only on T and the 

distance Z above the lower end of the appendix. The equation is: 

jiF   jr - ° 
c(Z,o) = K (2) 
c(o,t) - 0 
e(l,t) = K 

where 1 is the length of the appendix* 

The steady state solution of (2) is KZ/'l, and the remainder of the solution 

is obtained by separation of variables (2» pp 76-77). Thust 

o(Z,t) :Bf«    <T   o V Bin     nVz      (3) 
n • 1 x 

The loss of mass of H is f   QklfC£lt}dt , where A is the cross-sectional area ^) 

of the appendix.   If 7 is the volume of the balloon, and X, is the loss of 

average concentration of H in the balloom Then 

Confidential Security Information 



Confidential page V-152 

1.000 

.998 

t 



Page V-153 
Confidential 

n s 1 

fajL cos 2J1] 

-   2£    fr^^f    l2-    . -DnV2t 7t 

nT1! 5T*i ?       x (U) 

Z = 0 

L.   M   r ^_     212     ^ ^Dn2fr2t        I 

an error 

y 

where we have used^ -2 mlf/6 to simplify the second term.    With 

of at most lAKe~QLj2_Jy3v we can write: 

DAK l2 

LS~VT (T + 35 ) (5) 

Note that the error is not that in comparing ($) with the actual problem but in 

comparing (£) with the complete solution (U) of the approximate problem (2). This 

also applies to errors that are given later. 

For R as helium and the balloon as specified, D is U3.2 ft2/hour, A is 12.57 

sq ft, V is 21*1^000 cu ft and L is 8 ft. Then for t in hours: 

L SS .000278 (t T .U9U)K 

For T equal to 16 hours, about sunrise to sunset: L tt .OOboK. 

Note that the error introduced by using (5) instead of (b) is about l.U X 10**'°K. 

This equation is shown graphically in Figure III. 

Thus the average concentration of helium in the balloon at the end of 16 hours       •) 

is at least 99.5 W of the original value K. 
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For T sufficiently large the formula for L is clearly wrong as compared 

with the real problem, since the concentration of H can not be reduced by 

more than K. However, in the numerical problem above it takes about 3u00 

hours for L to reach K, so this probably is of little consequence. 

Another approximation to the actual loss of average concentration of H 

in the balloon which is very likely an upper bound and does not have the defect 

of becoming greater than K may be made* Moreover, this solution will give some 

idea of the concentration of H as a function of position which the previous 

solution does not. 

Consider, as in Figure 2, an inverted truncated cone capped by a segment 

of a sphere perpendicular to the cone. The spherical surface and the lateral 

surface of the cone are the balloon fabric and the surface of truncation is 

to be the opening of the appendix. The region between the appendix opening 

and a spherical surface of radius a about 0 is to be kept filled with air so 

that the concentration of air at the lower spherical surface is always K. In 

numerical work we ignore this pocket of air as its contribution to the average 

concentration of air in the balloon is less than K X 10 . 

We use spherical coordinates. The concentration C of air in the balloon 

is then only a function of «"t and T. Our equation is* 

,£%        2 do      etc 
D (S7Z   *ri%~Z )-3T - 0 

c(/i,o) « 0 (6> 
c(a,t) • K 

S£ <».*> = • 
The steady state solution is K.   Lstting v/r be the remainder of the solution 

and setting/la s f a, we havet 

) 

1 
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•(•,o) . - K(a i a) 

r(o,t) « 0 (?) 

J- (b-a,t) a li^ti 

Separation of variables yieldsi 

T > ^ A e "**^ sin 2s 

whereto, tan (b - a)^ sb9, and A^ a 2Ka/e? (a - b sin (b - a)«yj 

The equation forcf has been need to simplify A 4. 

Thus:       e(n,t) - K Tl 4-   |*- ^ e-0^ slncj(g>.*)"l 

(8) 
tan (b - 1)^1 b^, 3 ^0 

The amount of air in the balloon is ( DA [-  JjVt.      J        dt 

where A is the area of the spherical surface at radius a.    If we let V 

be the spherical angle subtended by the cone, the arerage concentration, (jf, 

of air abore the surface at radius a is given by* 

-D.»2t /      % I 
3DKS2      ft ^ s"*2* ,*       /R'fr'S?       dt 

«*3   Jo «£ ^N^*        L-b .in*Cb-a>^ J   ^ ^ 

Since (T Co) S°JC C°°j = K,and the total concentration of air and H is Ij we 

can write,   ZjA^^C^T  )f   li Wll-»Ac ** 

where "F      is the arerage concentration of H above the surface of radius a. 

Thusi -eDKo>    <£      g"-1^ I 
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Setting X « (l-a-)4 me have finally for purposes of computation* 

-»Xat 

(9) 

£J (10) 

u 

tan-X= —^    «nd ^ ^° 

The IIth positive rootjXn,of tanx=£$/   is between (n-Olfand (fl-i)'n', 

and (n-|)ff-X decreases to 0 as n increases.    By changing to the equation (I— a) 

sin^s>6-X cos-/ and working with the Maclaurin series for the functions it nay 

be shown that the first root "X is larger than/f*/^. Then sin* •/ is greater than 

H-ft/fT*    which in turn is greater ihanloa>/jt%.    Aatf^is less than 10, sin*> 

is greater than^..    Since sina-jlh   is greater than sin   •*    all the terms in 

the series in the right of (10) are positive.   As ^H(o)= K we have: 

Thus the error introduced in C (t) by dropping all but the first tern of the 

series is at aostt ->*?t 
a-)1 

since 7L 3 is greater tnan *>, ~ •• t      *ne error is at mostt 

c- (.Ar-O.) 

This formula for the error involves only "%,. If the approximation is not 

satisfactory f.^ is calculated and a similar error formula may be used. 

In calculating the roots it is better to change the equation to the arc tan 

form or the sine-cosine form. 

0 
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*> In choosing numerical values for a, b, and Qwe preserve the height and 

volume of the balloon and the area of the appendix opening.    This also preserves 

the average cross sectional area of the balloon for horizontal cross-sections. 

We take a as 3.99k ft., b as 97.56 ft. and^» 1.0U88 radians. 

The values of a, b, and /3 may be rounded off as much as one wishes before 

starting calculations, but from that point on it is best to treat -them as exact 

numbers.    To have accuracy of about .005$ in the average concentration of helium, 

it is best to carry about six significant figures.    For example, one calculation 

rounding off the value of b - a from 93*566 to 93*57 led to an appreciable error 

in the average concentration of helium.    The error in the reported loss of helium 

would have been about twice the reported loss itself.    The term (sin^>-a/b) is 

sensitive, especially so font«7(, so the values of ^ should be taken to the fourth 

decimal place. 

In our computation we will need only -f ,and >A.    However, as they may be useful 

to someone else we list the first four values tor% .    They ares 0*3U90, U*5025, 

7» 7306 and 10,9079* 

We find that fort in hours: 

7TW-K [.«'*• +.ooosc-/00°*j (11) 

-•291* — 
with an error of less than .0002 C     due to omitted terms. Finally C H 

(16) s • 98y8& with an error of less than 2 1 ICr^K due to omitted terms. If we 

compare the loss of helium by (11) and by the first method, it is seen that the 

loss of helium by (11) is greater for the first 3000 hours. The solution (11) 

thus yields an upper bound for the loss of helium for 3000 hours and very likely 

will do so for all time. Another plausible conjecture is that the solution 

obtained by adjusting (5) to an exponential form would yield an upper bound to 

the loss of helium concentrations i.e. 
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The last paragraph is mainly for satisfaction of personal curiosity, as 

we are not much interested in time periods longer than 2k hours. However, it 

does indicate the role the appendix plays in cutting down diffusion of air into 

the balloon. Various methods were used to calculate approximations to the loss 

of helium, most of which ignored the exact shape of the appendix. The best 

result obtained by any of these methods is that of (11). However, even for 

this solution the loss of helium in 16 hours is still twice as great as that 

obtained by our first solution; and despite the considerable difference between 

the actual concentration of helium at the upper end of the appendix and K for 

large values of "t,the original solution is the better for at least 3000 hours. 

So far we have been concerned with upper bounds to the loss of H. A 

likely lower bound for the loss of H maybe obtained as follows. Suppose a 

cylindrical column based on the appendix were run up to the top of the balloon, 

closing off the inside of this column froc the rest of the balloon. The amount 

of air normally diffusing into the balloon would be more than that diffusing 

into the closed-off column. If we assume a fixed concentration of air, K , at 

the lower end of the column and no escape of air at the upper end of the column, 

we must solve, where c, is the concentration of airs 

c(^,q)=o 

The solution to this (2t P*»je 8U, with•}si-/) is* 

(12) 
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The average concentration of air in the column let 

<*    ..pUn-*-') 1T"t 

(11*) 

If-? is 9U.1 ft. and-t ie 16 hours, than c i° •31$3K1. If this air were spread 

over the entire balloon, the average concentration would be .0015K • 

If & is K/2, the smallest it could be, the loss of helium concentration 

would be .0008K, a definite lower bound for the loss. If K1 is K, probably 

closer to the truth, the loss would be .0015K. 

U. Balloon Initially Half Air, Half H. In this situation the balloon is 

closed, the air and H each fill half of the volume of the balloon. Essentially, 

the air is in the lower part of the balloon at the start of diffusion, but /or 

soon shapes it is convenient to take a curved surface rather than a plane as 

the surface of separation. 

In all cases the volume of the approximating body is kept equal to the 

volume of the balloon, then this is not sufficient to determine the dimensions 

of the body, other reasonable conditions are added. 

In an effort to reduce the problem to one involving but a single space 

variable, the balloon was approximated by a cylinder of altitude 86.1 feet, the 

altitude of the balloon without appendix. The separation surface was taken as 

a horizontal plane. After 8 hours the average concentration of helium in the 

moner nart of the balloon was .7?6K. 

Again the balloon was approximated by a shape similar to that in Figure 2, 

except that the vertical angle of the cone was taken as 90°, other dimensions 

were changed to preserve volume, and no truncation was made. The surface of the 

separation was spherical with center at the vertex of the cone. After eight 

hours the average concentration of helium in the upper part of the balloon was 

.571K. 
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The serious discrepancy between the results for these two different shapes 

forces us to attempt a shape closer to that of the actual balloon.    There seems 

to be no better shape that can be used and still keep the problem of diffusion 

to one space variable.    Hence we try to approximate by means of a sphere. 

We are thus led to the following problem.    A sphere of radius & initially 

has its lower hemisphere filled with air at concentration K and its upper hemi- 

sphere filled with H at concentration K.    We wish to know the average concentration 

of H in the upper hemisphere at future times. 

We use spherical coordinatesnt 9 and <ff ( $ is the colatitude).    The solution 

is independent of <P and our equation, where C   is the concentration of H, ist 

,     -     x       K     o<e<5- 

It saves a little inconvenience in getting a complete set of functions to 

obtain the steady state solution first, even though the boundary conditions do 

not demand this. As the normal derivative on the boundary is zero, the steady 

state solution is a constant and must be s^to keep the same amount of H present 

as at the start. Thusc=» jT+Vwhere after setting/4 s COBS' 

• -5-<e<ir (16) 

^ rt 
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where J is a Bessel function of the first kind, Pn is the n
tt Legendre polynomial, 

T\ is a non-negative integer, and* is a non-zero root of 4* ** ^~n+j[ C*°v- J n+£ 

(«fluj«0 (2J pp 210-212). 

It is shown in the usual way (compare 2j pp 172-173), (hi  PP 129-130) 

that the functions involved are orthogonal when a weighting factor of VR/ 

is attached to eachTft1.x. The coefficient A*,!) is evaluated as usual (compare 

2} Page 173, (U)) and we have, after using the equation for «  and the even-odd 

characteristics of Pn C/O 

r v 

Thus the average concentration of H in the upper hemisphere is given by: 

3  <*,n0Al 
,h       J0 J0 

f • o / \ J using the value for \ f C^J dl^u (Uj Page 133, Ex. 10) and setting * =• ^ * 

this becomess 
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Finally using (5j Page 158, #22) and repeated integration by parts we reduce 

\ a ^J x(n)«*ato a form to which (5j Page 158, #20) say be applied, obtaining - ) 

+.... + th+i)Ch-i)...aiiHj  (a)] 
As rv.-*oall terms approach 0 except the last, since J (ft) is of order rvn 

nearfcs 0. The limit of the last term as a -90is readily evaluated by means 

of the well-known recursion formula for the Gamma function and the value of l($). 

Thus* 

+...+ Cn*-l)U-i)...;t.-x'-aJ  ^ J 09) 

^^.)U-)-..An
w
Cn,a)(l>,M) , Jf 

To solve the equation 4% j'  CTO-O^WW* use (5j Page 158, #16) to 

find the equation is equivalent to (fHi)!n^ (*) = "* ^A-J^. *• n«» »PPlJ the 

recursion formula (5j Page 158, #18) for the J«s to reduce this to an equation 

involving Tj_(*) and X.^00. Expressing these in terms of sin % and cos % 

(5j Page 159, #32, #33) we have a trigonometric equation of the type: 

tan*=RnC%) 

where Rr»U) is rational and*-* °°\ie  sero. To get the first few roots of this 

equation it is best to use the formfn U)s.inXwQn 00c»s* * O    where Pn W 

and Q  (.0  are «olvnoai£ls= For y.  sufficiently large the roots are close to 

multiples of 1fs  and then it is easy to use the tangent form of the equation. 

For n «• I the equation is: 

and the first four positive roots are 2.082, 5.898, 9.206, and 12.U01*. Forn»3 

the equation ist 7xJ-*0* 
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and the first three positive roots are U.Slii, 8.581*, and 11.973.    Ws do not 

use the negative roots of the equations which lead to complex values for the 

Bessel functions of half-integral order. 

From the study of the equations tan ^=^a(l)that has been made/the following 

conjectures are plausible but have not been proved.    For"%large Rn (x) is negative 

and the degree of the numerator is one less than the degree of the denominator 

beingfh andnt-i respectively.    The functionjfts odd.    These statements should be 

relatively easy to verify; but the following seem more difficult.    The graph of 

*--Rv,C%) has Ch+l) vertical asymptotes.    In any finite region far-jC these asy- 

mptotes approach those of »i~ tan > as h   increases.    The graph as a whole approaches 

that ofMstan-/ as "h increases.    If T      is the first positive root of tanX = Rn(xi 

then-fp-X^i   decreases to 0 as rt  increases. 

Since UJJJ^-CJIM-OVI- ((IT-*) n+Ofrrfn-sni-i) T*J, it 

is thus probable that If f — (jfl+l)*lis positive for our values of "y.. This is 

verified forn=i and n =3 . Thus the error incurred by dropping various terms of 

the double expansion can be calculated as in%3* 

For purposes of calculation we reduce all the Bessel functions to ^Hx -J-J-W 

and then to trigonometric functions (5j pp. 158-159, #18, #32, #33).    The terms 

for n =. | and n;3# respectively are: 

_DXat r- (a--t*-Jct*%) 

and 

where we have used tan?sRnCx)vo remove the sin? terms.    For    D» l»3     the 

denominator has simplified exceedingly, but the reason is not evident. 

£ If we ignore all terms but the one corresponding to the first root forfUl 

we have,    C frjg K [& +.3We -    ~ "-J (20) 

Confidential Security Information 



f 
Page V-165 

Confidential 

-4o.3WtJ __     { ) 
with an error of at most .1362C —57:—£, This equation is graphed in Figure JJL 

If we ignore all terms but those corresponding to the first roots for n »1 and 3, 

CCt)^KC^i-'3fc^C ~~^   +.«#»•«   X=  J       (21) 
-34-79 Ot 

with an error of at most .0882 JJTC— JC  . The error is calculated on the 

assumption that the first roots for n greater than 3 are at least U*5lU •*•!¥* 

so that the numerically smallest exponent we have In the omitted terms is the 

one arising from the second root for flsl* 

For numerical work we takea.as 38.77 feet to yield the volume of the actual 

balloon. We take* as 8 hours, about from sunset to sunrise. D is as before, 

U3«2 teet^/howr.    The only terms which will contribute an appreciable amount are 

the first terms for n=l and 3* 

Then for "t in hours: . 
r -.12l*6t     -.5857t7 

C Ct) * K. L'5 + -3638 C      + .0U80 e     J (22) 

with an error of at most .0882 e /(. Finally for t equal to 8 hours: 

C{B) = K Q$ +- .13U3 + .OOOU] - .631*7K 

with an error of at most 3 X 10"*^ due to omitted terms. 

E. Agreement with Observed Data. As regards the case that there is no air in 

the balloon initially, it is known that the loss of helium from the balloon is 

small which agrees in general with our results. 

For the case that the balloon is filled half-and-half with air and helium, 

some observations on a balloon flight afford an opportunity to check our results 

roughly. Example from flight #8. 

At one point in the flight the balloon was filled half-and-half with air 

and helium. Seventy-six minutes later the proportions were 70$ helium and 30$       jj 

air. In the meantime the balloon was rising, the appendix was open so some of 
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the mixture escaped. The pressure change was from kO mb to 27 mb. 

The original entry of the air in the balloon was rather violent so that it 

is not likely that the air and helium were separated then. Again some of the 

mixture was ejected before there was much opportunity for diffusion. These 

two effects cannot be treated numerically} and as they tend to offset each 

other we shall ignore them. 

With the pressure increasing by a factor of Uo/27 the gas originally in 

the upper hemisphere will at the end occupy 20/27 of the volume. Let X   be the 

per cent by volume of helium in this region. The per cent by volume of helium 

in the remainder of the balloon is at most $0%. 

aus' 4£x*T7*>-• 

and: 

*1 

As the balloon is slowing down, it spends more time at lower pressures; so 

the average pressure is not more than the average of the extreme values UO and 27* 

Tentative calculations based on an exponential approach to ceiling give average 

pressure of 32 mb but this is probably too high.    However we will use this value. 

The formula forc(tjfrom (21) is thenx 

, —l558t -.732lt7 
c(t) = Kt?+.36Iie +.0i8e -* 

Fort»=    '/f0 hours, we have C =82$.    This is in fair agreement with the value n%. 
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SECTION VI 

VERTICAL FLIGHT 

A* Ascent Behavior. Some knowledge about the fundamentals of balloon behavior 

can be obtained from the study of the balloon's motion as it ascends and descends. 

This type of balloon motion is called vertical flight. A great body of information 

concerning vertical flights of balloons is now available. Prior to the University 

of Minnesota Balloon Project a large number of balloon flights had been made for 

project SKYHOOK mostly by the General Mills, Inc. and some by Winzen Research. 

In addition to this, a number of time-altitude curves have been made available 

from the General Mills' Project GOPHER sponsored by the Air Force and some 

very good detailed information has been available through project MOBY DICK. 

All of these sources of information have been used in helping to formulate 

our ideas about the relation of vertical flight to the physics of the balloon 

problem. As this data was studied it became evident that all of the flights 

could not be explained on a simple basis si~ce the behavior of balloons varied 

quite widely. In all of the sources of data, with the exception of MOBY DICK 

and of project GOPHER, the accuracy of the telemetered altitude data was per- 

haps insufficient to really decide about the true behavior of balloons. In 

addition to the sources of data quoted at the time of writing this report, 55 

flights made on our project are available for study. 

The present status of the study of the vertical flight of the balloon is 

that all of the properties of this motion are not understood in quantitative 

enough terms to write a complete equation of motion which covers all cases, 

but it is true that the basic physics of vertical flight is well enough under- 

stood so that experiments which have been formulated and are now in progress 

should allow the complete solution of this problem in the near future. In all 

the flights that we have studied from the sources quoted and from our own flight 

series prior to #1*0, with the exception of perhaps a few flights in which the 
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appendix mas either fouled or tied off, the behavior of the balloon during 

ascent was completely obscured by the intake of air at unknown altitudes and 

usually in unknown quantity. Once this fact is understood and realized one 

can look back at previous flights and explain many of the flights which showed 

queer behavior simply in terms of intake of air. The problem of intake of air 

and of mixing this air with the helium is quite completely discussed in the 

section of this report on air mixing and diffusion. It will be mentioned 

here only where the mixing of air has a marked effect on the characteristics 

of the flight. Most balloon flights are launched with an amount of free lift 

which is from 5% to 20JS of the air displaced by the balloon on the ground. 

In all of our work free lift will be expressed as a percentage of air displaced 

since this determines the size of the balloon and is a quantity of interest in 

trying to relate observation with theory. In a very general way it has always 

been observed that with a given free lift in the range indicated a balloon will 

take off and acquire a rate of ascent and maintain approximately this rate of 

ascent all the way to its theoretical ceiling or to a ceiling below this if 

air intake has been important. One of the outstanding puzzles of balloon per- 

formance has been this fact that balloons show essentially a constant rate of 

rise. The factors that determine the rate of rise of a balloon at any altitude 

are the buoyancy of the balloon and the total drag which it is subject to. As 

the balloon ascends it is possible for it to acquire a temperature which is rel- 

atively different from the air temperature as compared with that temperature dif- 

ference which existed at take-off. This will be reflected, of course, in a 

changed free lift as a function of altitude. Let us first consider this part 

of the problem alone. 

In order to decide what the free lift of a balloon at any altitude is, it 

would be necessary to bring the balloon in equilibrium, measure its free lift 

at that altitude and compare this with the free lift that the balloon had when 
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it left the ground. So far this experiment has not been conducted but experiments 

have shown that the balloon as it rises, since it is subject to different quantities 

of infra-red flux as well as solar radiation very probably does acquire a temper- 

ature which is Tory different from the air temperature at each altitude. GOPHER 

flight #759 is an example of this. In this flight the balloon was weighed off 

5 per cent heavy on the ground so that it would not have risen had it not been 

carried up with a tow. At the time the tow was cut it was found that the bal- 

loon was essentially in equilibrium and one can interpret this to mean that 

the balloon has acquired a super heat relative to the outside air greater than 

that which existed on the ground. The magnitude of this super heat corresponds 

approximately to $%  of the air displaced in the flight, and indicates that rel- 

ative to the outside air a balloon in the stratosphere runs as much as 5$ 

warmer than the air as compared with the approximately zero on the ground. Our 

flight constants flight #56 is a further example of this. In this flight two 

ballast drops were made which correspond to the lift of the tow balloon which 

carried this system to the altitude at which the tow was cut. After completing 

these two ballast drops if the balloon had not acquired super heat in the strat- 

osphere it would have been in equilibrium. It was observed, however, that the 

balloon in the stratosphere had a rate of rise of 150 to 200 feet per minute 

and this rate than indicates the relative warming of the balloon at this altitude. 

It is quite clear that it is important in describing the ascent behavior of a 

balloon to understand just what temperature field the balloon at rest would be 

subject to at different positions in the atmosphere. This effect should be 

quantitatively measured at night and in the daytime probably for typical 

summer winter conditions* If one assumes that one knows this temperature field 

that the balloon is subject to, it is then possible to decide what its rate of 

rise will be, given an initial free lift on the ground and given this temperature 

j 

) 
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field the balloon is lonersed in. The rate of rise would be determined by 

KJ equating the free lift to the total drag and solving for the velocity. 

However, as soon as the balloon begins to move the buoyancy which it has a* 

rest will be altered by the fact that the gas inside the balloon is expanding 

if the balloon is rising or compressing if the balloon is descending. This 

expansion or compression of the balloon gas will be reflected by a change in 

balloon temperature and therefore a change in the balloon's buoyancy as it 

moves. Since this change in buoyancy is not present for a floating balloon 

it then appears as an effective drag on the balloon since,as the balloon rises 

it cools,losing buoyancy and thereby has a smaller driving force to be com- 

pensated by aerodynamic drag. The amount of this loss of buoyancy of the 

rising balloon or gain in buoyancy of the descending balloon will be deter- 

mined by the rate at which the balloon is rising or descending and by the 

efficiency of the heat transfer from the surroundings of the balloon into 

the balloon gas. If there were no heat transfer from its surroundings at 

all it would be clear that the balloon with a small amount of free lift would 

rise, the gas inside would expand adiabatically. cooling U° per 1000 feet of 

ascent. It would take only a few thousand feet of ascent of this sort to 

cool the balloon sufficiently so that its free lift would be gone and the 

balloon would come to rest. Since this does not happen it is clear that the 

flow of heat into the balloon is adequate to allow a temperature difference 

to exist and therefore a buoyancy loss over the situation at rest. This loss 

of buoyancy is spoken of as thermodynamic drag. The previous discussion of the 

effect was included to show that the thermodynamic drag is not a drag term in 

the same sense as the aerodynamic drag is and in fact the so-called thermodynamic 

drag may be different for balloons of the same sise which have different absorp- 

( tion properties since it depends upon the heat transfer from the outside air 

into the balloon system and this heat transfer may be quite vitally dependent 
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upon the actual temperature of the balloon film. 0ne application of the use 

of the idea of thermodynamic drag in the balloon system is the discussion of 

the sunset rate of descent in the balloons which is included in Volume71, 

Section 71 of this report. 

A final factor in describing the ascent or descent of balloons is the 

aerodynamic drag which will be responsible for the velocity acquired once 

one knows the net buoyancy of the balloon and as was just indicated this net 

buoyancy in turn will be determined by the thermodynamic loss of lift or the 

thermodynamic drag and by the actual free lift which the balloon would have, 

If it were brought to rest at the position in the atmosphere which is being 

considered. The quantitative measurement of the thermodynamic drag, the 

aerodynamic drag and the temperature field that the balloon is subject to is 

not merely of academic interest. In order to realistically design ballast 

systems or to be able to control a balloon in its vertical flight it is nec- 

essary to understand in detail these three factors and to be able to put them 

in equations in a quantitative way. The first major contribution to understanding 

vertical flight on our project came at flight #U0, with the introduction of 

the duct appendix. The very misleading effects of air intake have so complicated 

the analysis that in many of the previous flights the most predominant effect 

determining the rate of rise or descent of the balloon was the thermodynamic 

drag introduced by the r%ry large quantities of intaken air. Our flight #8 

is a good exaople of the effect on the ascent tise=altitude curve of intake 

of air and ia included in this section as figure 1. In contrast to the 

ascent behavior of flight #8 a portion of thetime altitude of flight #U0 is 

also included in figure 2 to show the difference in the time-altitude curve as 

the balloon neared ceiling* The notations on Figure 1 refer to the appearance 

of the balloon as determined by up-pictures taken during flight. Figure 2 is a \ 

diagramatic sketch of the balloon appearance in throe flights that intook air* 
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FIRST TAKES BECOMES FULL REACHES  CEILING 
FULL 

30 min. 77  mln. 

41Mb. 26.5 Mb. 

80 Mb. 

GROSS LIFT   =    413   LBS. 
INITIAL   RATE   OF   RISE  =    940  ft/mln. 

FLIGHT NO. 8 

THEOR. 
CEILING 

o 

FIRST  TAKES 
AIR 

BECOMES FULL 

30 mln. 

REACHES CEILING 
FUL 

92 min. 

30 Mb. 20.5 Mb 

50 Mb. 

GROSS LIFT =   436   LBS. 
INITIAL   RATE   OF   RISE   =   830   ft/mln. 
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The data were obtained from up-pictures. The effect of the intake of air 

even at relatively high rates is that at pressures approximately U to $ times 

the ceiling pressure of the balloon,the bottom of the balloon becomes open, 

air rushes in and fills out the balloon greatly increasing its drag since a 

quantity of air equal to approximately four to five txmes the air displaced 

originally by the flight can be taken in. This air acts as an insulator 

thermally and must be warmed as the balloon rises and the effect of this 

is to greatly slow down the ascent of the balloon at the instant of air 

intake. The balloon never reaches its theroetical ceiling because as the 

air is mixing inside the balloon,the balloon finally reaches ceiling with 

an impure mixture after valving out only a portion of the air. The fact 

that the thermodynamic drag that the air introduces slows down the rate 

of ascent of the balloon means that the balloon spends more time at altitudes 

at which the air can mix and thereby makes the problem even worse allowing 

the air to appreciably contaminate the helium. Slow rising balloons which 

are subject to this effect with open appendices or straight skirt appendices 

may miss their theoretical ceiling by a very large amount due to the air 

mixing. The introduction of the duct appendix has eliminated this unsavory 

feature of balloon flights and has in a sense helped understand the behavior 

of balloons in vertical flight. Flight #1»0 which was given as an example of 

the use of the duct was the first successful application of the duct appendix 

in ballooning and it is clear that if there is no intake of air the rate of 

rise of the balloon is maintained near its ceiling altitude and the balloon 

reaches this theoretical ceiling altitude with a square corner on the tine 

altitude curve, numerous flights since flight #U0 have shown that the balloon 

floating at ceiling can begin to descend with the duct appendix and will, while 

it descends, not intake any sin As it descends it will acquire the shape and 

size corresponding to the balloon during its ascent, whereas balloons which 
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freely intake air through the bottom as they descend slowly, always remain 

completely full. 

He will now discuss some characteristics of the ascent curves of balloons 

which do not have the contributing effect of air intake to cloud the analysis. 

Figure 3 shows a plot of the initial rate of rise, that is, the rate of rise 

between the ground and 30,000 feet for a number of flights in which the free 

lift was measured by weighing the balloon off. Although there is considerable 

scatter of the points it is clear that there is relationship between initial 

free lift and initial rate of rise. The indications are that an initial rate 

of rise in the range of UOO to 1000 feet per minute can be obtained by launching 

balloons with from U to 18$ of air displaced as tree lift. Figure U shows a 

similar plot of this data between the altitudes 30,000 and 52,000 feet. This 

figure shows a plot of the rate of rise between 30,000 and 00,000 feet as a 

function of the initial free lift. The effect of the temperature field of 

the balloon is beginning to be evident in this plot which shows essentially 

no dependence of the rate between these altitudes upon the initial free lift, 

as long as the free lift is in the range of $%  to 20% of the air displaced. 

This is interpreted as meaning that the balloon at these levels has its free 

lift more determined by the radiation balance falling upon it than upon the 

free lift it had when it left the ground. The general behavior of the balloon 

during ascent can be characterised in the following way. It takes off with a 

rate of rise determined by the initial free lift as indicated by Figure 3* If 

the initial rate of rise is relatively low, say 300 to UOO feet a minute, the 

balloon will change its rata quite appreciably as it rises through the tropo- 

sphere and will acquire essentially a constant rate by the time it enters the 

stratosphere. The rate of rise in the stratosphere will then either stay 

constant, rise, or decrease, depending upon a variation in the stratospheric 

lapse rate and depending upon whether the balloon was launched in the summer 

time or the winter and whether or not it was launched over an overcast. In 
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a general way it is observed that the rate of rise in the stratosphere will be 

\        relatively high, say 800 to 1000 feet a minute if the conditions represent 

a large amount of infra-red flux falling on the balloon, that is, if the 

balloon were launched in the summer tine on a clear day. The stratosphere 

rate of rise, on the other hand, will be lower if the balloon is over an 

overcast or if the ground is covered with snow as it is in the wintertime 

and in any case, strong changes in the lapse rate of the outside air since 

they affect the transfer of power into the balloon will be reflected in 

rate changes through the medium of the thermodynamic drag which the balloon 

has. If the drag of the balloon were entirely thermodynamic, that is, if 

the aerodynamic drag were small in comparison and if the temperature field did 

not correspond to increased free lift as the balloon passes into the stratos- 

phere, than the tropopause should be reflected in a marked decrease in rate of 

rise in balloon. This is generally not true in helium filled flights. It 

can be shown, however, that the atmospheric lapse rate and the thermodynamic 

drag are extremely important factors by putting into the balloon a quantity 

of air. Our flight #53 is a good example of this fact. Flight #53 was a 

quarter of a million cubic foot balloon launched with a mixture which was 

half air and half helium. It showed an increase in troposphere rise rate 

finally reaching a value of approximately 500 feet per minute. On entering 

the stratosphere the lapse rate changed, the balloon immediately slowed its 

rate of rise to approximately 200 feet per minute and this rise rate slowly 

increased to about 300 by the time the balloon reached ceiling. It is now 

believed that normal balloon flights have the rate of rise determined at 

different altitudes by quite a changing balance of buoyancy, thermodynamic, and 

aerodynamic drag. The indications are quite clear that a quarter of a million 

(        cubic foot balloon floating at ceiling altitude will be subjected to essentially 

pure thermodynamic drag when it changes this altitude slowly. A rate of descent 
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from ceiling of UOO to 500 feet a minute will correspond to pure thermodynamic 

drag. On the ground, on the other hand, the rate of rise is more limited by ^ j* 

aerodynamic drag than by the thermodynamic although even near the ground at 

low rates of rise the effect of tetaperature inversions are evident on the 

balloon behavior and are a demonstration of its thermodynamic drag. For a 

given constant rate of rise the aerodynamic drag of the balloon decreases as 

the balloon approaches ceiling. The thermodynamic drag, however, will be 

constant throughout the stratosphere and in general becomes a bigger and bigger 

effect as the aerodynamic drag drops off. Many people have tried to describe 

the ascent behavior of balloons in terms of pure aerodynamic drag and of the 

free lift given to the balloon on the ground. Since the aerodynamic drag 

depends upon the pressure linearly and on the area of the balloon it can be 

shown that this drag decreases for the same velocity as the pressure drops. 

Pure aerodynamic drag and a fixed free lift then correspond to a rate of 

rise in the balloon increasing steadily as the pressure drops and with the 

rate of rise essentially dependent upon the sixth root of the atmospheric 

pressure. This pure aerodynamic drag behavior is not observed and because 

of the complexity of theproblem it is not expected that one can describe 

the behavior in terms of aerodynamic drag alone. A factor which complic- 

ates the calculation of the aerodynamic drag for the rising balloon is the 

fact that for most flights the Reynolds number of the balloon as it reaches 

ceiling corresponds to laminar flow whereas at take off the flow is turbulent. 

This means that somewhere in between the transition between turbulent and 

laminar flow has taken place with a corresponding complicated change in the 

coefficient of drag in the balloon. In addition to this the balloon shape is 

changing. It starts out quite long and slim and reaches selling almost spher- 

ical. It is now realized that it is not possible to calculate the aerodynamic       4* 

drag during the rising part of the curve and experiments are being designed to 

measure this aerodynamic drag directly as a function of altitude and velocity. 
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Since 
the aerodynamic drag does go, however, as a square of the velocity, it does 

set an upper limit to the velocity which the balloon can acquire at any alt- 

itude and the following discussion is pertinent to this effect. 

The longitudinally stressed natural shape balloon, with zero circumfer- 

ential stress, has the property whereby the shape of the balloon responds to, 

and is solely a function of the forces on the fabric. In the static and low 

velocity regions the shape is well defined by the force of the lifting gas 

alone. At higher balloon velocities the aerodynamic forces become greater. 

In some cases of ascending balloons, they approach the static forces in mag- 

nitude and consequently are too large to be neglected. 

According to Bernoulli, the dynamic pressure is expressed as: 

where      4 P = dynamic pressure (lbs/sq ft) 

/° m mass, density of fluid, air (slugs) 

V = velocity (ft/sec) 

This pressure acts at the stagnation point in the air flow at the top center 

of the balloon where the relative velocity is reduced to sero and no kinetic 

energy remains (Figure 5). The relative velocity of air along the balloon 

surface increases from zero at this point to a maximum near the equator of 

the balloon and then diminishes again below the equator. If the total energy 

of the air remains constant the pressure decreases as the velocity of air 

increases to a maximum near the equator. The velocity diminishes from its 

maximum as the flow continues around the underside of the balloon. In an 

ideal fluid, the pressure builds up with the decreasing velocity on the 

underside of the balloon similar to the pattern on top. In air, this 

complete build-up is not realized because of the viscous losses of energy 

resulting from the flow around an object. 

The described dynamic pressure loading on the balloon is such as to make 

the balloon more oblate than its original natural shape. A different drag 

Confidential Security Information 



Page VI-183 Confidential 

/ 

SEC.IT FIG. 5 

'-) 

SKETCH    SHOWING     IDEAL    FLUID    FLOW    ABOUT    A 
NATURAL   SHAPED   BALLOON 
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coefficient for the new shape will result and will affect the final equilibrium 

velocity. 

The static pressure at the top of the balloon is expressed as follows: 

Ps(^air - PgaLa)y * 

where      f>  - static head pressure (lbs/sq ft) 

or s acceleration of gravity 

2 s pressure head measured from the zero pressure 
level (ft) 

The condition of dimpling the top of the balloon is expressed by equating 

the inside and outside pressures at this pointi 

where K - _TL 

K 
T^e dimpling velocities for helium and ammonia inflated balloons are plotted 

in Figure 6. 

It is not difficult to imagine that a balloon free to change shape with 

dynamic forces will have done so appreciably before the velocity of dimpling 

has been reached. As well as changing the shape and drag coefficient, dynamic 

forces will change the center of gravity of the lifting gas with respect to 

the load and also might affect the static pressure head in the balloon. This 

could contribute to a more or less governing action on the rates of rise at 

lower altitudes. Natural shaped balloons in motion in an ideal fluid will be 

investigated in detail with the aid of the REAC computer. 
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B* Behavior at Altitude. The behavior of the balloon after it has reached 

V ceiling altitude can be discussed in terns of various categories of flights. 

A number of our flights before the introduction of the duct appendix were ana- 

lysed in this way. The analysis is included in Figures 7 and 8. Flights are 

analyzed in four categories^ A, B, C and D. Category A corresponds to balloons 

which took in air, were inflated with pure helium and had no appendix at all 

so that one did not have the air limiting effect of a standard skirt appendix. 

The characteristic behavior of these flights is that they approached ceiling 

very slowly with a round corner and floated level at ceiling after reaching 

this altitude. Their ceiling altitude is always below the theroetical ceil- 

ing of the balloon and this fact is indicated by the arrows with the dotted 

lines which correspond to the theoretical ceiling of these balloons. Category 

B corresponds to balloons with skirt appendices. The balloons have a high rate 

of rise, the skirt appendices are fairly effective in keeping air out during the 

ascent part of the flight. In category B are balloons with ammonia plus helium 

and good appendices and one flight with pure helium and 22 pounds of dry ice 

which was allowed to evaporate freely. It was later found that the evaporation 

rate of dry ice is quite low, a 25 pound chunk of dry ice will only evaporate 

approximately 8 pounds of dry ice in a six hour flight. The characteristics 

of the flight, however, in category B, are such that they reach ceiling with 

a square corner, float level for an appreciable length of time after reaching 

ceiling. It is believed that the dry ice and the ammonia are stabilizing 

factors which keep the balloon from descending. It should be noted that the 

ammonia was inserted in the balloon with the helium and may have acted as a 

cork in the bottom of the balloon to prohibit the diffusion of air into it. 

The dry ice, however, was used as an automatic ballast dropper. 

Category C corresponds to flight curves with good appendices and pure 

helium. In other words the flights in category C are similar to those in 
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category B except for the absence of ammonia and the absence of any stabil- 

ising ballast drop. Characteristic of these flights is that they reach 

ceiling with a square corner as do flights of category B but they float at 

ceiling level only for a limited length of time. Any flight upon reaching 

ceiling must overvalve a small amount of gas. In general this is not res- 

ponsible for the balloon's descent immediately because the gas in the balloon 

is cold due to its expansion as the balloon was rising so after reaching 

ceiling the balloon can then warm up and make up for any overvaluing which 

occurs. It has been observed, however, that balloons with good appendices, 

pure helium and no ballast drops will reach a ceiling, float level for one 

hour and then began descending. Since these flights could take in air the 

rate of descent is rather low due to the thermodynamic drag of the air. 

There is, however, a pronounced loss of lift after floating at ceiling for 

about an hour ifcich is responsible for the descent of the balloon. It has been 

shown by temperature measurements that a warming of the gas upon reaching 

ceiling takes place in a time of the order of 10 minutes. Therefore this 

level period of flight is not the period in which the balloon gas warms up 

but is a longer period. The descent of these balloons is believed to be 

the result of one of two possible causes. The first of these may be a change 

in shape of the balloon after it has been floating full for some time result- 

ing in a valving of gas after a period of time and a corresponding loss of 

lift. T1"© other ^ossibilit'" is *hat the diffusion through the ar,T^endix- which can 

be shown •t correspond to something like 2% of loss of lift per day, is 

responsible for replacing some of the helium in the balloon with air thereby 

causing a net loss of lift. T^e affect of descent after level flight for 

approximately an hour is called the "Howell • effect as it was first clearly 

delineated in MDBT DICK flights and pointed out to us by Professor Rbwell of 

Tufts College. Numerous discussions with people at General Mills, Inc. and 
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on other balloon projects have indicated that this effect had been previously 

observed. lOBT DICK flights, however, were the first to point this up as a 

clearly defined effect not associated with leakage. 

Category D corresponds to balloons which had leaks. The difference 

between the ceiling behavior in category D and category C is that the leaky 

balloon shows a descent curve which is concave downwards in contrast to 

category C which is concave upwards. The flights for category D did remain 

level at ceiling for a short period of tine and this period of tine is in 

quite good agreement with the measured time constant for the warming of the 

gas after reaching ceiling. It is fairly clear in these flights that the 

balloon reaches ceiling with a hole. As  long as the gas is warming up 

the balloon can continue to valve and maintain a ceiling. However, as soon 

as the warming ceases the leakage takes over and the balloon begins descend- 

ing with an ever Increasing rate. One of the original reasons for introducing 

the duct appendix was to understand the "Howell" effect as evidenced by the 

curves of category C. It was believed that the duct would eliminate the 

possibility of diffusion of air into the helium mixture. As soon as the 

duct was introduced the "Howell" effect was eliminated. As soon as the 

balloon reached ceiling with the duct prohibiting intake of air, the flight 

would level off and float level until some definite loss of lift occurred 

such as the loss of lift at sunset* The duct was therefore responsible for 

the elimination of the "Howell* effect but did not establish which of the 

two causes was responsible for it. The balloons flown with ducts were flown 

as sub-pressure balloons and could take on a natural shape in the lower regions 

of the balloon. It is, however, unlitsly that a change in shape has been res- 

ponsible for the "Howell" effect. It is more probable that the introduction 

of the duct did cut down diffusion of air into the balloon and that this was 

responsible for its success in eliminating the "Howell* effect. 
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Another interesting characteristic of the balloon at ceiling which occurs 

as soon as the duct is used is that the balloon oscillates about at ceiling 

altitude. This is shown in Figures 1 and 9,    Figure 1 has already been quoted 

and is the time-altitude curve for flight #U0* It is quite easy to see the 

oscillation at ceiling altitude which has a period of approximately five min- 

utes. T^is value for the period is in very good agreement with calculations 

which show that the period of oscillation depends only upon the absolute temp- 

erature of the atmosphere and the atmospheric lapse rate. The balloon bobs 

about its ceiling altitude cooling adiabatically as it overshoots its altitude 

and warming adiabatically as it is descending below the altitude. The period 

of oscillation should be approximately 5 minutes in the stratosphere and approx- 

imately 7 minutes in the troposphere. Figure 9 is a photograph of the barograph 

trace from flight #U0 and clearly shows the oscillation of the balloon at ceiling. 

The duct allows this oscillation since the balloon can rise and descend without 

taking in air which would immediately stop this bouncing. The effect of bouncing 

at ceiling will also show whether or not the balloon has slack volume which will 

allow it to rise above its ceiling altitude. This was true in the first duct 

flights in which the duct was cut short enough so that the cone-on-sphere bal- 

loon took on approximately natural shape near the bottom of the balloon and 

therefore had some slack volume to fill out. Up-pictures show clearly that 

the balloon was not tight in the lower portion of the conical region. In fact 

it was quite clear that a change in curvature occurred at the bottom of the 

duct. In these flights the duct was cut approximately a third of the distance 

up from the bottom along the gore since this is the position of the aero 

pressure level which had been calculated to give approximately a 60 cone 

angle for a natural shape balloon* 60° cone-on-sphere balloons *sr» the ones 

which were being flown at the time of flight #U0. It perhaps should be pointed        J^ 

out here that a ninety degree cone-on-sphere balloon would require a duet cut 
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Sec VI Fig 9. Photograph of barograph trace shoving 
oecxllation at ceiling in flight #U0. 
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•uch nearer the bottom, almost to the apex of the balloon, in order to make it 

acquire approximately natural shape in the lower regions. The equation for the 

period of the bouncing of the balloon at ceiling is as follows* 

T -if or 

where f =  the period in minutes 

yC s the atmospheric temperature 

L  - the lapse rate of the filling gas in °CAOOO feet 
(+U for Helium) 

L s the atmospheric lapse rate (normally -2 in the 
trosphere, 0 in the stratosphere) 

The fact that flight #Uo oscillated for approximately 6 or 7 full periods is 

evidence that the aerodynamic drag at ceiling is really quite small since it 

does not damp out this oscillation in this period of time. In fact the aero- 

dynamic drag of the balloon can be calculated at ceiling since the balloon is 

nearly spherical. It is clearly in the laminar region of flow. Such a cal- 

culation leads to the result that of a rate of rise of 700 ft/ndn the aerodynamic 

drag can only correspond to 6 pounds for a full balloon at ceiling. A trmm  lift 

of more than 60 pounds, however, is required to produce a stratosphere rate of 

700 ft/min. This is further support to the fact that large balloons in the 

stratosphere have their rates determined principally by radiation balance and 

thermodynaoic drag. 
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C. Descent Behavior. Is was previously noted flights prior to our flight #U0 

<U      on descending with skirt appendices could take in air and thereby remain full. 

The effect of the intake of air in a descending balloon was to greatly slow 

down its descent rate since the great mass of intaken air needs to be compressed 

as the balloon descends and represents an extremely large drag. To give an 

example of the magnitude of this effect, one observes that a balloon which 

allows the intake of air through the bottom at sunset may descend at a rate 

of approximately 50 ft/min whereas a duct appendix on the same balloon would 

allow the balloon losing the same amount of lift to descend at 2$0 to £00 ft/min, 

almost 10 times faster than the air balloon. 

To summarise all flights which v<ere allowed to descend before our flight 

#U0 one can say that the descent rates of these flights were determined by the 

thermodynamic drag of the intaken air and by the possibility of the warming 

of this intaken air in case the balloon descended into a region where the 

static condition would allow super heating of the intaken gas. It is quite 

possible for a balloon which intakes air to become stable if the balloon can 

run slightly warmer than the outside air since the intaken air can be warmed 

and can contribute buoyancy. As soon as intaking of air was eliminated the 

behavior of descending balloons became much easier to understand than in the 

case of balloons which had a large and unknown quantity of air flowing into them. 

It is observed that when a definite amount of lift is lost at sunset the balloon 

descends and maintains approximately a constant rate throughout the stratosphere. 

This rate will, however, reflect changes in the lapse rate and if it is rel- 

atively small (200 to 500 fjbain) these changes in lapse rate produce pronounced 

changes in the rate of descent. On entering the troposphere the rate of descent 

increases very greatly since the average condition corresponds to the change 

I *       from sero lapse rate in the stratosphere to -2° per thousand feet in the tropo- 

sphere. It can be shown that if the drag is all thermodynamic (a good approx- 
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illation at these rates and altitudes) that the rate of descent should be 

proportional to L + U.» The ratio of L+U in a normal stratosphere to its ralue 

in a normal troposphere is 2 to 1 and one would expect then for pure therao- 

dynamic drag to have an increase in rate upon entering the troposphere a factor of 2* 

The changes in rate that accompany the descent of a balloon which cannot 

intake air have been consistent with this picture. It is therefore be- 

lieved that a 73 foot balloon descending from ceiling at sunset is subject 

to pure thermodynamic drag. One can carry this picture a little further. 

Consider a balloon which is floating at ceiling during the day and which 

is warmed relative to the outside air by 20 • The sun sets on this balloon 

and it immediately begins to descend. If it is subject to thermodynamic 

drag alone its rate of descent represents an equilibrium condition since 

it is an equilibrium condition just as surely as the balloon is in equilibrium 

at ceiling* One then comes to the conclusion that the balloon descends at 

such a rate that it compresses the gas and produces a net temperature of the 

gas above the outside air of 20° or in other words the same as the temperature 

superheat above the outside air that existed during the day. Attempts are being 

made to measure the mean temperature of the gas as the balloon descends after 

sunset but the prediction is that this average temperature will not change. 

To say it another way as soon as the balloon is subject to another temperature 

changing effect which would take away its super heat it will begin descending 

at just such a rate that it maintains its super heat the same. It sould, in 

principle, then be possible to make balloons descend more slowly at sunset if 

one could somehow make the transfer of heat into the balloon less effective 

since the rate of transfer of heat into tl»* balloon is what must be responsible 

for the resultant temperature difference between the balloon and the outside 

air. Tf,e amounts of power involved are quite large. A balloon with a double 

J 
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1-adl polyethylene construction and a single set of tapes will descend at 

sunset at approximately 350 ft/min, if it has a gross load of about 500 pounds 

of air displaced. The power input will be of the order of 3 to U kilowatts 

and this power oust be transferred from the gas in the balloon to the outside 

air. On might believe that the convection between the inside gas and the 

outside air is similar for the descending balloon to the convection at ceiling 

except for the fact that at ceiling the inside gas is essentially at constant 

temperature and at the temperature of the film whereas the descending balloon 

has its inside gas warmer than the film which in turn is warmer than the out- 

side air. The assumption is, however, that the loss of heat from the inside 

gas to the outside air is similar for the descending balloon to the situation 

at ceiling has been quite a successful one as is indicated by the section on 

Sunset Effects. All of our sunset descent data can be correlated in a simple 

formula which assumes that the drag is all thermodynamic during descent and 

that the convection of the balloon during descent is similar to convection 

while floating at ceiling. The data on ten balloon flights have been used 

for this analysis and the data are fitted by a single constant to within 

probable error of 9%*    In this simple picture the descent rate of the balloon 

is determined by its absorption of solar energy per pound of material and 

therefore the simple relation relating the rate of descent to the weight of 

displaced air and the balloon weight can be solved for the absorption of the 

material. For polyethylene balloons the value of the absorption turns out to 

he 18 watts per pound of material. The analysis leading to the equation for 

the descent and the complete discussion of this problem is included in the 

section on sunset effects. It is included here merely as evidence for almost 

purely thermodynamic drag at the rates of descent encountered by a balloon 

descending at sunset. 
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D. Thermodynamic Effects. It has been previously pointed out here that rising 

balloons are cooler than balloons at equilibrium and descending balloons are 

warmer than the corresponding balloon at equilibrium. This fact leads to 

rather interesting thermodynamic effectswhen the state of the balloon's motion 

is suddenly changed by the dropping of an increment of ballast. Figures 10, 

11 and 12 are included to show these effects. Figure 10 snows a balloon which 

is descending at 370 ft/min (flight #U2). 15 pounds of ballast have dropped 

and immediately after the ballast drop the balloon rises a small distance and 

then acquires a new downward rate of 120 ft/min. The explanation of this effect 

is that as soon as the ballast is dropped the balloon found itself suddenly 

warm because of its previous descent rate but lighter than it had previously 

been and therefore it climbed until it cooled somewhat by adiabatic expansion 

and convection and finally acquired the temperature that it needed to have at 

equilibrium at its new descent rate of 120 ft/min. Figure 11 shows the same 

flight later in the flight descending at the rate of 160 ft/min. Twenty five 

pounds of ballast are dropped and the balloon rises extremely rapidly for U.3 

minutes while it is cooling adiabatic ally to acquire the temperature which it 

will have at equilibrium at its final rate which turns out to be lUO ft/min 

upwards. The height of the bounce of the balloon after the drop of ballast 

allows one to determine the change in temperature between the initial cond- 

ition of descending at 160 ft/min and the final condition of rising at lUO 

ft/min. In this case the change in temperature corresponds to 9.2°. These 

effects in flight rf%3 indicated to us that the balloon could be used as its 

own thermometer and it was decided to attempt to drop exactly the right 

sunset ballast after the balloon had begun descending at night and to observe 

the net temperature change by the height of the bounce before the balloon 

acquired equilibrium. The cases of flight #1*2 were unfortunate from the 

'.) 

) 
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standpoint that neither ballast drop had a final condition which corresponded 

**        to the balloon floating level. Figure 12, however, shows flight #J>3 in which 

exactly the right amount of ballast was dropped to compensate for the sunset 

effect. Before the ballast drop the balloon was descending at U85 feet a 

minute. After the ballast drop of U5 pounds the balloon rose extremely 

rapidly for U.3 minutes meanwhile cooling its gas as it expanded adiabatically. 

It then leveled off at an altitude far below its ceiling altitude and floated 

essentially level for the remainder of the night. The ballast drop was U5 

pounds with 5U0 pounds of air displaced. Since the ballast was just adequate 

to make the balloon float level at night this percentage represents the 

sunset effect and is 8.1$. The actual temperature change between floating 

level at night and floating level during the daytime therefore corresponds 

to Q.k%  of the absolute temperature. Now if aerodynamic drag can be neg- 

lected the temperature change obtained from the height of the bounce should 

be the same fraction of the absolute temperature that the ballast is of the 

air displaced. It turns out that the temperature change calculated from the 

bounce height is 17.5°C and this is B.1%  of the absolute temperature in stri- 

king agreement with the 8*h% which the ballast is of the air displaced. It 

should be pointed out that this behavior, rapidly rising to change the temp- 

erature, could only occur in a balloon which did not have air in it and for 

this reason these effects have not been observed prior to the introduction 

of the duct appendix. 

Analysis of the thermodynamic bounce to determine relative temperature 

change has proved and will prove to be an effective tool in studying balloon 

performance since it essentially uses the balloon as a thermometer. 

In connection with the thermodyr.amic effects, particularly bounces, one is 

I"        led to ask the question of whether or not a balloon which is launched should 

not undergo a bounce before establishing its final rate. In this connection 
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one should point out that the aerodynamic drag is a much bigger factor on the 

ground and in fact it would tend to obscure thermodynamic bounce. However, 

careful examination of several flights have shown that bounces do indeed exist 

and to demonstrate this the take-off bounce on flight #1*7 is included here as 

Figure 13. The height of the bounce was 2830 feet indicating a temperature 

change of $.7° acquired before the balloon established its final rate. Its 

initial rate on take-off was 1000 feet/min and after the bounce had taken 

place the rate slowed down to 660 feet per minute. It is somewhat more 

difficult to get data on the take-off bounce than it is to get data on the 

bounces at altitude in our flights because of the fact that we do not drop 

our telemetering antenna in general until the balloon has reached an altitude 

of 5,000 or 6,000 feet. In more recent flights we have been recording the 

Olland Cycle data on the camera. With this system it is possible to go back 

and determine the time-altitude curve from the moment of take-off. 

E. Aerodynamic and Thermodynamic Drag. The aerodynamic and thermodynamic dr&g 

have been discussed briefly in various parts of this report as well as in our 

first Progress Report. Unfortunately we have still not determined the temper- 

ature field in which the balloon works and consequently it has not been pos- 

sible yet to obtain a completely reliable equation of motion. However, we 

have a number of pieces of data which have been put together to indicate the 

way in which the rate of rise depends upon the free lift. The basis of the 

combination of aerodynamic and thermodynamic drag into a free lift equation 

was outlined in our first Progress Report but at that time no figures were 

available to put in. In brief the convection theory indicates that the thermo- 

dynamic part of the drag should depend upon the velocity to the 3/U power where- 

as the aerodynamic drag depends upon the velocity squared, A dimensional 

argument allows one to determine the dependence of the aerodynamic and of the 

thermodynamic drag on such quantities as the gross load, lapse rate, etc. 
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If one then assumes that the free lift is given at any altitude it is 

possible to calculate from an equation including both the thermodynamic and 

aerodynamic drag what velocity will result. The equation which has had some 

success in explaining our results is: 

Thermodynamic drag Aerodynamic drag 

where     p s per cent free lift of air displaced 

L a atmospheric lapse rate in °C/1000 ft 

GE - air displaced in pounds 

T • air temperature in ° K 

XT« rate of rise in ft/oin 

p s atmospheric pressure in mb 

C|= 7.U X HT
1* 

Cj- 6.5 I 10~7 

The constants in this equation were determined from the free lifts and 

rates in flight #U2 and from the average rate of rise for a balloon at take-off 

with known free lift. It should be emphasized that the equation which is pres- 

ented here is considered to be a good approximation at the present time but it 

has not been possible yet to determine whether the equation needs to be modif- 

ied depending upon whether the balloon is rising or falling and whether the 

equation can be used without regard to whether the balloon is rising or descending 

in day vs. night. The equation should therefore be used with some caution 

until it is possible for the project to answer a number of questions concerning 

restrictions on the use of such equations. Figure lit is a graph which can be 

used in place of numerically solving the equation and is useful because it al- 

lows one to see what the relative contributions of aerodynamic and thermodynamic 

are at different altitudes and in the stratosphere and ir. the troposphere. The 
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per cent free lift is plotted against the rate of rise on a series of curves. 

Each curve corresponds to a ceviain eondition of gross load and lapse rate and 

pressure. Since the theory indicates that thermodynamic drag should be inde- 

pendent of pressure the quantities which are varied from curve to curve on the 

thermodynamic curves are lapse rate and gross load. The two values of lapse 

rate considered are -2° per thousand feet (troposphere) and 0° per thousand 

feet (the average stratosphere). The gross load is taken as 100, 300 and 

2000 pounds. The aerodynamic drag curves are shown at pressures of 1000 mb and 

at 20 mb and at gross loads of 150, 500 and 2000 pounds. Since the aerodynamic 

drag does not depend upon the lapse rate this is not indicated on the aerodynamic 

drag curves. In order to use these curves one looks for example at the rate 

of rise and finds a corresponding percentage free lift represented as aerody- 

namic drag and the corresponding percentage free lift represented as thermo- 

dynamic drag. The sum of these two terms then is the total per cent free lift 

required to produce this rate of rise. To take a numerical example, suppose 

the rate of rise is 700 feet a minute, the pressure is 20 mb, the lapse rate 

is 0 and the gross load is 500 pounds. This is a common stratospheric cond- 

ition. One reads from 700 feet a minute up to the proper aerodynamic drag 

curve and obtains a per cent free lift of 1.7$. The corresponding thermo- 

dynamic drag curve gives a value of 1*7% free lift in thermodynamic drag. 

Total drag is therefore 9»h%* 

Experiments are in progress to improve the knowledge of the equation of 

motion of the balloon and it is hoped that more detailed information will be 

available in the next report. 
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SECTION VII 

INSTRUMENTATION 

The instrumentation section during the period of flights #21 to #55 ha* 

been concerned approximately equally with the development of new apparatus and 

improvement of apparatus used previously. Since this development and improve- 

ment was a continuous process f«w successive flight gondolas contained identical 

components and no components remained unchanged during this period. The method 

of construction of gondola equipment used in this project is a multi-unit method 

in which each unit completely serves one purpose and is separate from the other 

units except for keying and power. This method allows assembly of different 

purpose gondolas from standardized units with a minimum of time necessary for 

design and construction between flights and allows quick replacement of equip- 

ment found faulty at check-out or after recovery. This technique necessitates 

heavy construction in that connectors, wire, mounting plates and covers are 

duplicated. 

The largest proportion of develonmental effort during this period was 

spent on the flight constants gondolas flown on flights #31, #32, #35, #Ul, #51 

and #5U (see figure 1). These flights required a balloon valve and a packaged 

ballast dropper operated by radio command. In order to be assured of proper 

radio control and to allow for proper tuning of the ground transmitter during 

flight it was desired that a signal be sent by the gondola to indicate operation 

of the equipmente A continuously generated Morse code signal which keyed the 

radio transmitter when t he command equipment was operated was developed to do 

this. Since the receiver to be used contained only two command channels, a 

limitation imposed by the resonant relay filters used t o control operations, 

and there were three command operations desired (valving, ballasting and flight 

termination) the ballast dropper was used to furnish the flight termination 

impulse. Because of the complexity of the inter-relations between the various 

units the inclusion of a distribution box became necessary. It allowed multiple 
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interconnections to be made with both ei\se  and speed and with a degree of 

standardization between flights not obtainable when each gondola was wired 

for a particular flight. 

Another important development in this period was that of a small gondola 

for light weight flights. These gondolas were less than a quarter of the volume 

of our standard gondolas and therefore could be used only for the basic minimum 

of flight, control and telemetering equipment. No experimental or developmental 

apparatus could be contained in them. The weight of these gondolas complete is 

roughly 1/3 of a similar large gondola. 

A third development worthy of mention was that of a pressure operated seq- 

uence ballast dropper. Three different- techniques of electrically keying ballast 

drops from the mechanical motion of a bellows were used before a reliable, easily 

set, and accurate mechanism was found. Another new development was that of a 

recording device to keep a record in the gondola of the telemetered signal in 

case the radio signal was lost during the flight. This signal was recorded on 

the camera films. 

A. Flight Control Equipment 

1. Safety devices. On all of the flights indicated in column 2 in Figure 1 

blinker beacons were flown. The remainder of the flights which have no blinker 

beacon indicated were shorter than one day and were both launched and brought 

down in daylight. The type of blinker beacon used for the most part during this 

period was a commercially made flashing truck flare made by the Dayco Company 

of Dayton, Ohio. This company unfortunately has gone out of business and while 

we were able to obtain eight of their flares, over a period of time these eight 

flares were lost or destroyed in flight and we were not able to replace them. 

These flares are based m a mechanically oscillating mechanism driven by an 

electromagnet lighting three incandescent bulbs. The current drain on the 

self contained battery was very low and this flasher has been checked out in 
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Summary of Equipment Contained in Gondolas 
Flights 21 - 55 3 

(1) (2) (3) (h) (5) (6) (7) (8) (9) (10 (11 (12 (13 (1UC15) (16' 

• 
o 
55 

•P 
-c H 

O I o 
a 

s o o 
« 

CO 

u S 

•H 
rH 

K o 
CQ 

! 

as 
U 

o 

a 
rH 
•H 
&, 
u • 
p"2 
IS 
« 

00 

0) 

5 
o 

1 

u 

& 
u a 

•p 
(0 
« 
H 

m 

r-t 
gjfc 

OJ .a 

•p » 
m TJ 

rH   O 
rj   O 

CO   » 
m « 

> 
rH 
Cfl 
> 
C o 
o 

iH 
rH 
01 

CQ 

o 

s 
to 

g 
CQ 

c o 
•H 
P 

ri 
U 
P 
M 
•rt 
Q 

u c 
JC 
(0 
CO 

« 

CO 

<D 
H 

O 

$ 
P 

1 

i 
O   fc, If 
O   B 

o 

n 

n) 
rH 

o 

n 
o o 

21 L A.T U.D s I 
22 L A.T.C UrD s X T 
23 L A.T.C U.D.H s c X 
2t L A.T.C U.D.H s c X X 
25 L A.T.C U.D.B s I X 
26 L A.V.C U.D.H 5 C X I 
27 L A.V.C U.D.H s c i I 
28 L A.V.C U.D.H S c X I 
29 L A.T/' U.D s X X x X 
30 S AfT s 
31 L A.T.V U.D.H s c X i 
32 L A.V.C UfD D c X X X 
33 S A.T S I 
3U s A.T D I 
35 L A.V.C U,D D c X X X X 
3* L APV II rD D 
37 L A.V U.D D X 
38 L A.V.C U.D D c X X X 
39 L A.V U.D D c X X to L A.V U.D D c X X 
LI L A.V.C U.D D c I X X 
12 L A.V U.D D D p X 

\? L A.V U.D D X 
lj£ L A,V U,D D D p X 
L5 L A.V U.D D D p 7 , 
li6 L A.V U.D U.D p X X 
Uj L A.V UPD UrD p X 5& L A.V U.D up& p x h L A.V U.D U.D p x X 
50 L A.V U.D u»p p X 
§1 L 0 A.V.C U.D U.D c X X X X 1? S a A.V U.D U.D p X 
5? S Q A.V U.D U.D p X 
Sk L G A.V.C U.D U.D c x I X 
55 S i AiV.F V.P. V.£> r 
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Note: All flights contained in addition to the above, Olland Cycles, Antenna 
droppers, and Radio gear. 

Column 1 L s Large      S a Small 
"2 Is Incandescent G - Gaseous 
"3 As Low Altitude Release  T = Timers   V -  Low Voltage Release 

C r Radio Command    F a Film 31owdown 
n      k U s Uo  D s Down  H = Horizontal  B = Balloon Crown 
"5 U s Up camera  D - Down camera   R • Photo Recording Ammeter 
"6 S • Single Bellows    D r Double Bellows 
"7 C: Radio Conznand  p - pressure operated 
"  8-l6 X r Presence of indicated apparatus 

S 
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laboratory to operate for acre than one week at temperatures below those encoun- 

tered in flight. A number of thermally operated flashers were tested in the 

laboratory but none of them would operate at low temperatures. The inclusion 

of three bulbs in this particular model was found to be desirable because on 

several flights after recovery it was found that one or in extreme cases two 

bulbs had been burned out or broken during flight. On the latter flights 

shown in the table in Figure 1, column 2 a simple RC circuit operating a 

gaseous discharge tube at 300V was built in the laboratory and used as a 

blinker beacon. This flasher had a number of disadvantages in that the 

cost was approximately |lU.OO per flasher not including the labor to construct 

it, their light intensity was not as great as that of the incandescent type, 

and changing of the battery was extremely difficult, because the mechanism 

was potted in order to avoid arc over at high altitudes. Since the period 

covered by this report a mechanism similar to that used in the Dayco flasher 

has been constructed in the shop. 

2. Blow down box. The blow down box used in these gondolas is shown in 

Figure 2 and the wiring diagram is given in Figure 3. This bljwdown box 

is a multi-purpose unit which contains six different methods for accomplish- 

ing flight termination. The first and most important method is the low- 

altitude release which has been described in the first Progress Report, 

(Section V, p 1,3, Appendix 2 p 7-9, Appendix 11, BA UlO-D). No changes 

in this mechanism have been made during this time. A new method of blow 

down has been included in this box which will release the flight when the 

main 6v batteries in the gondola have reached the break in their discharge 

curve. Since it is not advisable to keep a gondola in the air after the 

equipment in it no longer can function properly this circuit was included. 

The basic element in this circuit was a surplus ultra-sensitive relay found 
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Sec VII Figure 2S Blow-down box. right and left views 
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in the stockroom of the Physics Department and which bore no markings as to 

manufacturer or origin. It seems that this relay may be the same as the 

Kurman Electric Co. of New York, model 190036, but as yet we have not had 

an opportunity to check with this manufacturer. On several flights in 

the series this relay was used as a timing device (column 3> Figure 1) 

by the inclusion of a resistor in the 6v oircuit which would time the 

discharge of the battery so that the flight could be terminated by the 

low voltage relay at a calculated time. 

Another input to this box allowed blowdown of the flight by three 

different techniques. A negative key from radio command, timers similar 

to the clock timers described in the first Progress Report, or the film 

blowdown could be fed directly into this terminal for termination. The 

sixth method of blowdown input was used only with the sequence ballast 

dropper flown in the flight constants flights. Without undue complication 

the circuitry in the ballast dropper could only furnish a positive key. 

Another feature of this blow down box which has been mentioned in the 

first Progress Report (Section V, p 6) was a blowdown warning transmitted 

for one minute before the flight was terminated. This delay which was not 

wired into the low altitude blowdown was originated by a temperature compensated 

thermal time delay relay and the warning signal was generated by a 3V 

Radiosonde relay made by Price Electric Company in an RC circuit. This 

pulsing relay,when the blowdown box is used with the sequence ballast 

dropper in a flight constant flight, motors the sequence ballast stepper 

to the blowdown position. 

3. Ballast droppers. The sequence ballast dropper flown in the flight 

constants flights is shown in Figure k and th« wiring diagram is given in 

Figure 5* The basic element of this ballast dropper is a 2-bank 21* Volt 

dc telephone stepping relay of the type made by Automatic Electric Company. 
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Sec VllFigure lu Sequence ballast dropper command operated. Right and left views. 
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Each command impulse transmitted from the ground by the receiver control steps 

this relay one step and.immediately pulses whatever is connected to that step. 

The second bank of contacts furnishes a negative key through the coder to the 

transmitter to signal which step the relay is on. This signal is only trans- 

mitted when the receiver picks up an impulse from the ground transmitter. 

Since it was found on flight #35 that an intermittent radio signal could key 

the ballast stepper several steps, an anti-chatter circuit was included there- 

after, based on a time-delay relay of the thermally compensated type which would 

prevent the stepping relay from moving more than one step at a time. However, 

the time delay relay was found to arc on make and break, originating its own 

chatter, and therefore a second circuit was found necessary to prevent this. 

The final model has a 1 minute delay after the first momentary impulse and 

then a second delay of approximately 17 seconds while the time delay relay 

cools down and opens the circuit for furthe*'operation. 

An early cutdown on flight #Ul before all the ballast sacks were blown 

was found to have caused a ripped parachute, therefore in addition an unloader 

circuit was included to blow all of the ballast sacks when the flight termin- 

ation squibs are fired. The blow down warning relay in the blowdown box was 

wired around the anti-chatter circuit and used as a motor to step the telephone 

relay around to blowdown position. Since voltage is left on the termination 

squibbs after blowdown the stepping relay must be stopped to prevent obscuring 

the altitude signal and this is accomplished by shorting out the step beyond 

blowdown. This unloading process takes less than one second and the ballast 

sacks are all blown before the parachute can open. This method of blowdown 

works for all techniques of flight termination including low-altitude release. 

The flight termination warning circuit in>the blowdown box is not used on 

flight constants flights xo  send termination warning) instead this warning 

originates in the signal coder when it is keyed by the blowdown box. 
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A pressure operated sequence ballast dropper developed during this period 

is shown in Figure 6 and the wiring diagram and shop construction diagrams are 

shown in Figures 7 and 8. This type of ballast dropper uses a Friez Radiosonde 

Linear Bellows Movement type 515307-2 with a special lucite plate and contact 

assembly substituted for the printed scale. In action the bellows arm moves 

along a bar until it drops off the end at high altitude onto the lucite plate. 

On any subsequent loss of altitude the arm moves down the scale and touches 

the first contact firing a ballast squib. If descent continues the arm then 

touches the second ballast contact and that ballast package is fired also. 

Fuses were included in this circuit because two flights were recovered with 

the insulation melted from the squib leads due to a short circuit after the 

ballast package squibs had been fired. This ballast dropper is very similar 

to that used by General Mills, Inc. for balloon control. 

The ballast used for packaged drops is magnetic steel shot, Amasteel #330. 

This was used mainly because of its weight and because of its pouring qualities. 

T^e shot was weighed and poured into canvas sacks 10" in diameter and 10* high 

which had a 1000 pound nylon drawstring top closure irtiich could be tied directly 

to the gondola. A two grain squib was taped to the center of the bottom of 

the sack and when fired blew the bottom off. However, flight #5l was recovered 

with 2 pounds of ballast still in one corner of a bag and for this reason the 

shape of the bottom has been changed so t hat it now is a flattened cone shape 

with the squib inside at the apex of the cone. T»«i5 allows a funnel shape at the 

bottom of the sack and assures us of complete envying of all ballast. The bags 

have a capacity of UO pounds of shot. 

Flights #22, #25, and #29 contained a ballast tank similar to that desc- 

ribed in the First Report of this project (Section V p 5). There were no changes 

in the construction of the tank during this period but an improved magnetic 
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valve (Figure 9) was designed for use with it. T>,is valve uses the rotor magnet 

from a Brailsford motor to hold the steel shot in a magnetic gap in the tube. A 

coil is placed around the tube itself which, when energized, bucks the magnetic 

field of the permanent magnet and allows the shot to fall free. Average delivery- 

rate is 1 kilogram per minute. The use of a magnetic valve with steel shot was 

suggested by the MOBY DICK Project. 

U. Balloon valve. The balloon valve used in these flights was a plate valve 

operated by a reversible 27V dc motor andpowered by three wires taped along one 

of the balloon gores from the gondola. This motor is relatively slow, rotating 

at 270 rpm and it opens the plate to a distance of 1 diameter. The outside of 

the valve is covered with foam rubber to protect the balloon and through this 

foam rubber portholes are cut to equal the cross-sectional area of the valve. 

This valve was first developed in a hn  size which was flown in flights #29, #31, 

and #32. However, this size was found to valve too slowly for the desired 

results and a larger valve was built with a 9n opening which was flown on 

flights #35, #38, §\at #$1 and #5a. 

During flight #35 it was discovered that the valve oscillated but did not 

open when radio command was attempted. This was traced to RF noise from the 

motor present in the control wires, paralleling the receiver antenna up the 

side of the balloon, blocking the receiver. Therefore the motor circuit was 

carefully grounded in the gondola, a special pi filter was installed across 

the motor and the valve circuit was altered so that once the valve was 

commanded it opened to its fullest extent and unless command was continued 

at that time, it closed automatically. This relieved the command receiver 

of the necessity of overriding any RF noise. On later flights this was 

discontinued because the grounding and filtering removed the noise complete- 

ly. A bellows operated pressure switch was also installed which automatically 

opened the valve at a preset altitude in case radio command failed, but after 

the development of the duct appendix, the practice of tying off the balloon 
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no longer required this safety feature. 

This large valve weighs seven pounds complete and the tine to open it to 

its fullest extent is one minute. A picture of the large valve without its 

covers is shown in Figure 10 and the wiring diagram for the same valve is 

shown in Figure 11. Shop drawings are unavailable at this time. 

5. Distribution box. The distribution box used in the flight constants flights 

is shown in Figure 12. The box wiring diagram is given in Figure 13. 157 term- 

inals are connected to seven 5-pin connectors, one 7-pin connector, one 10-pin 

connector snd three lk-pin connectors. Two special shorting plugs used to start 

the equipment before flight are included and one 18-pin test plug for checking 

battery conditions, operating equipment and testing keying circuits. Power 

input is through a permanently connected cable. Figure ll* is included to show 

a typical jumper circuit diagram for flight #5l and Figure 15 is the test unit 

used to check the circuits through the distribution box. 

B. Flight Recording Equipment 

1. Cameras. There have been very few major changes in the basic construction 

of the cameras since the last report. A minor change has been made in the design 

of the cam drive which triggers the shutter resulting in more positive action of 

this portion of the camera mechanism and all cameras now are driven by Brailsford 

motors, either 1 rpm or 1/5 rpm depending upon the length of flight. Because the 

film capacity of the camera is not more than 50 feet, a 1 rpm motor will allow 

ten hours of operation and a 1/5 rpm motor will allow 50 hours of operation. A 

picture of a down-camera open is shown in Figure 16 and a current wiring diagram 

for all cameras is shown in Figure 17* 

A telemetering recorder has been developed and used on all recent flights. 

This recorder duplicates on film the signal sent over the radio transmitter 

thereby keeping a record of all the information which might be lost in case the 
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radio signal was not readable. A master relay installed in the OUand Cycle 

keys 135V to t neon lamp installed in each camera in the gondola whenever the 

transmitter relay is keyed. Small NE-2 neon bulbs installed in each camera 

put a small dot of light on the film near the edge of the picture area through 

a hole approximately 1/1000 of an inch in diameter. In making the lamp shield 

it was found that the smallest hole that could be manufactured was desirable 

for the light aperture in order to prevent halation and light spread on the 

film itself. Even with a 1/1000 hole reading the trace from a film driven at 

1/5 rpm is very difficult and a 1 rpm film drive proves much more desirable. 

Irregularities in film drive due to the film moving in small Jerks instead of 

sliding freely are more and more apparent at a slow speed and the very close 

spacing of the light spots adds to the difficulties of reading. 

Another innovation was completed for flight #55* a blow down timer relying 

upon the amount of film in the camera. A polished button riding on the back of 

the film releases a micro-switch mounted on the back of the camera when the end 

of the film passes through the film drive and this micro-switch terminates the 

flight through the blow down box. In order to prevent pressure sensitization of 

the film emulsion and scratching of the surface of the film, a highly polished 

button is necessary with extremely light pressure extending over as large an 

area as possible. 

Two special cameras have been used during this period, one of them a 

camera mounted so as to take a picture of the horizon in order to find the 

amount of «pin that the gondola has at altitude. This was an ordinary up- 

camera unit mounted in a horizontal position. The other special camera was 

a completely self-contained unit mounted '.n the top of the balloon intended 

to take pictures of the inside of the balloon. Thii crown mount contained 

separate batteries and a bellows actuated micro-switch to start the camera. 

Confidential Security Information 



Confidential Page VII-23U 

The snitch was ordinarily set for 3000 feet altitude. T^is mount had to be 

carefully protected so that it would not damage the balloon material and also 

protected against the possibility of its freezing. Four of these cameras have 

been furnished during thi3 period to the Naval Research Laboratory Transosonic 

Project, ONR 81200, in an attempt to trace balloon trajectories but they have 

not worked as well as down cameras as in their originally intended application. 

The failure seems to be in the insulation surrounding the cameras because there 

is evidence that the batteries dropped to such a low temperature that they no 

longer put out enough voltage to maintain the cameras in operation. Shop 

drawings of the Crown Mount are shown in Figures 18-a and 18-b. 

2. Baro-thermograph. A barothermograph has been flown on a number of flights 

as indicated in column 6, Figure 1, but after the development of the film tele- 

metering recorder it was thought no longer necessary to fly this duplicate 

recorder. The single bellows barograph was essentially the same as that includ- 

ed in the first Progress Report but the double-bellows barograph was an improve- 

ment containing a high altitude bellows made by the Kollsman Company (SK 901-901 

which had the same scale deflection between 60 and 10 mb the Bendix-Friez 

Radiosonde Movement had from 1000 to 10 mb. These Kollsman bellows are, unfort- 

unately, quite expensive and also in our experience unobtainable from the factory 

because of long delivery time and reluctance of the manufacturer to take orders. 

Just after the decision was made not to fly barothermographs a new design was 

completed by the shop and a picture of it is shown in Figure 19. This barother- 

mograph has both barograph bellows and a thermograph element. It also has 

provision for a fourth smoked disc to record other iiiformation. This model has 

a built-in marker to put known pips on each smoked disc and the clockwork mech- 

anism is completely enclosed with a layer of kerosene soaked felt inside the 

Y       enclosure to preserve a lubricating atmosphere around the clockwork mechanism. 

The weight is 3^ pounds. 
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2. Signal coder. The signal coder used in the flight constants flights is shown 

in Figure 20 and a wiring diagram for it is given in Figure 21. Unfortunately 

there is no shop drawing available at this time. The basic unit is a 1 rpa 

Brailsford motor driving an insulated rotor with brass pins pressed into the 

surface to contact acommon sleeve within the insulation. Voltage applied by 

the unit originating a signal is coded by the spacing of the pins and the 

interrupted voltage on the common sleeve keys the transmitter relay. Filter 

chokes have been installed across all of the contact points for reduction of 

sparking and RF noise. There is also a choke on the Brailsford motor as 

there is on all motors installed in flight constants flights. The 3V DC 

relay shown is a special relay to allow differentiation of the valving 

signal so that both opening and closing of the valve can be coded separately. 

3. Olland Cycle. The Olland Cycle is discussed in detail in another part of 

this section. 

h.    Ballast level transmitter and recorder. The ballast level transmitter 

shown in Figures 22, and 23-a and 23-b is a new model developed since the 

last ballast tank flight and as yet not flown. Basically it is an improve- 

ment on the previous type of transmitter mentioned in the first report 

(Section V p 5)• The phase angle of a reference point and a point varying 

with the extension of a spring supporting the ballast tank is transmitted 

as an index of the amount of ballast left in the tank. This information 

is repeated once every minute by a Brailsford motor rotating the phase 

angle discsc 

The ballast level recorder flown on these flights was the same as that 

used before flight #21. It was a simple lever linkage to record the amount 

of spring extension on a smoked disc driven by the barothermograph motor'. 
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Sec VII Figure 22. Ballast level transmitter. Back and front views. 
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5. Antenna dropper. The antenna dropper is essentially the same design that 

was discussed in the first Progress Report (Section V p.7 and Appendix 2 p.2). 

There have bsen two minor changes during this period; one is the enclosure of 

the antenna dropper in a plywood box in order to cut down heat transfer through 

the aluminum can in which it was originally contained in order to maintain 

higher operating temperatures for batteries and equipment in the gondola. The 

other change has been a slight shortening in the length of the dropper itself 

to better contain it in the small gondola. Because of two dropper failures, it 

has been found necessary to specify that no acid flux be used to solder the 

brass sylphons since the acid crystalizes the brass in time causing the sylphon 

to leak. The present model of the antenna dropper is shown in Figure 2\\  and 

shop drawings are shown in Figures 25-a and 2£-b. 

C. Special Instrumentation 

1. Transmitter-Cycler. The transmitter cycler shown in Figure 1 as having 

been flown on flight #29 was a Brailsford motor with a cam so cut as to turn 

the transmitter on and off in order to reduce the duty cycle of the transmitter. 

This cylcer has not been used since and was included in this flight to reduce 

the high battery drain of the transmitter. 

2. Photo-recording ammeter, in an attempt to discover the ratio of interference 

to our own radio command signal in the vicinity of 61*20 kc a recording ammeter 

was flown on flight #U8 which recorded the amount of AVC control used in the 

command receiver* IMs instrument was a standard camera with its shutter 

fixed open and a lens tube extension of sufficient length to allow the lens 

to be focused on the face of a Simpson milliammeter. A mask containing a 

narrow slit was placed over the face of the meter and the needle was illum- 

inated, showing through the mask as a small spot of light. Since the move- 

ment of the meter was perpindicular to the direction of film travel, the 

illuminated spot of light traced a plot of meter deflection vs. time. Sig- 
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nificant results were unobtainable from this flight because of balloon failure 

and a similar attempt has not been made since. A picture of the unit is shown 

in Figure 26 and a wiring diagram is given in Figure 27• 

3. Thermister photo recorder. Flight #1*6 was a test flight for an instrument 

being developed by the project to measure temperatures and radiation in the 

balloon and in the air outside of the gondola. This particular instrument 

shown in Figure 28 was only an attempt to test the basic design and was not 

intended for further flight. Since flight #U6 a multi-channel instrument 

based on the same design has been completed and llights are now being made 

with it. It will be discussed at greater length in the next progress report 

when more complete results are available. 

U. Strobe flasher. The flights #35 and #U9 contained a special unit intended 

to illuminate the balloon after sunset in order to take pictures of descent. 

This was a standard photographic strobe flash unit (Figure 29) made and modified 

by the electronics section and was a modification of the flasher flown on flight 

#11. It had become apparent that the U50 volts used in the flasher were arcing 

over even at ground elevation in spite of high voltage insulation and a pres- 

surized container which was designed to prevent this. The unit is now contained in 

a 1 foot diameter sphere with the discharge tube located at the top of the sphere 

and protected by a plastic cover. Unfortunately results with this instrument 

were inconclusive because of early flight termination on the single attempted 

flight using it. 

5. Cosmic ray plates. As indicated in column 16 of Figure 1 a large number of 

gondolas contained cosmic ray plates. T>,ese plates were not a part of the equip- 

ment of this project but were for the most part hitch-hike loads of small weight 

flown for the convenience of the cosmic ray project at this university. In some 

cases the cosmic ray plates were contained in 30 pound lead or paraffin blocks 

which were used as ballast packages to be dropped on separate parachutes by 

command or pressure operated ballast droppers. 
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D. Miscellaneous Apparatus 

1, Gondolas. The standard gondola used during this period is identical with \ 

that reported in the first Project Report (Section V, p. 1). The small gondolas 

which have been developed during this period are shown in Figures 30-a and 30-b. 

These gondolas could contain only the standard equipment used on our flights if 

very closely packed with no special instrumentation. A Un styrofoam box encloses 

these gondolas to insulate them and a bright red canvas case is used to cover 

the outside of the styrofoam box. Though of very light construction, these 

frames have been found to withstand landing impact proportionately better than 

the large frames. The only portion of the gondolas seriously damaged has been 

the load supporting U bolt at the top which in one or two cases has been badly 

bent by the parachute opening shock. 

2. Motors. This project now uses only Brailsford motors in its equipment and 

we have had very few failures attributable to them. In two cases it was found 

that there was a weak gear in the train of these motors and now all motors are 

disassembled before installation and this gear, the next one to the output 

shaft, is soldered to prevent the spline from shifting on the wheel. It has 

also been found necessary to file a flat on the output shaft in order to 

properly connect the motor to mechanisms requiring any amount of torque. As 

long as the battery voltage is maintained properly during flight these motors 

have not failed. All motors flown in flight constants gondolas have pi filters 

to reduce radio interference. 

3* Batteries. No change has been found necessary in the basic powering of our 

gondolas during this period. The main flight power source are Willard ERUO 

batteries or when the calculated expected battery drain is low Willard ER12 

batteries have been used. It has been found that with proper cycling and 

charging wet cell batteries can be used several times reliably. Dry cells 

either Bveryready or Burgess are used now exclusively for furnishing voltages 
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higher than the 6V supplied by the wet cells. We have found that voltages 

higher than 270 V are very apt to arc and therefore this upper limit has been 

set on the voltage systems in the gondola unless pressurizing is used. 

h»    Wire. During the period covered by the first report Vinyl insulated wire 

was used throughout the gondola because of its cost, size, and good dielectric 

qualities. However, it has been discovered that the Vinyl insulation breaks 

down both mechanically and electrically at low temperatures and for that 

reason all wiring now is glass insulated made by Alpha Wire Corporation, New 

York. This wire has the added advantages of being easy to solder without 

burning the insulation, it has better dielectric properties and it also does 

not fray as cotton covered wire does. 

E. Flight Operations 

1. Checkout. The instrumentation section has found it advisable to have 

someone familar with the particular gondola being flown present at every 

launch. T^is is necessary because the complexities of each gondola are 

different and only a person familar with them can reliably check the 

operation of all the units at launching time. In cases of flight constants 

flights operation of the valve before the balloon is inflated as well as 

radio command keying of every operation in the gondola is necessary. It 

has been found that extreme care must be taken with circuits to which 

squibbs are connected since on several occasions squibbs have been fired at 

launch time when they were accidentally grounded while being connected or by 

such obscure causes as the heat of the sun firing an uncompensated thermal- 

delay relay within the gondola. In one case a bystander was hit by the metal 

cutter from a squibb cannon at launching time, and as a result the squibb 

cannonswere redesigned to prevent the cutters from escaping from the cannon. 

In addition, all squibbs are kept at ground potential and only compensated 

thermal delay relays are used. The only danger at present from the accidental 
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firing of a squibb is the possible blast burn, or in the case of a ballast 

package, the flying shot which might penetrate clothing. " . 

2. Tracking. On days when it is possible to keep visual contact with the 

balloon the instrumentation section has been asked to furnish a theodolite 

operator to aid in the mapping of the balloon trajectory. A permanent 

installation at the University of Minnesota Airport and a series of portable 

theodolite stations are used and the theodolite crews have been thoroughly 

instructed in the process of zeroing in a theodolite for accurate position 

location. A great need for a theodolite operator has been fulfilled in the 

development of a battery operated portable WWV receiver to give correct 

time intervals for theodolite readings. The audio-tone of WWV with its 

one minute warning has been found to have great advantages over any other system 

of timing. On several flights double theodolite reaaings have been taken in order 

to check the various methods of flight tracking for accuracy, and if the stations 

are properly located, and accurate time is used this appears to be the most accur- 

ate method of position plotting yet attempted by the project. 

F. Recovery 

The percentage of flights recovered has dropped towards the end of the 

period covered by this report because, we believe, of the winter conditions 

which prevent people from discovering our equipment as it comes down. At 

the present writing flights #28, #u3, #52, and #$5 have been unrecovered. 

Only the gondola is missing from flight £28, the balloon having been reported 

in and the approximate location of the gondola from flight #U3 is known but it 

has not been recovered. 

The recovery system used by this project is, on special occasions, to 

have plane tracking but principle reliance is placed upon recovery by persons 

in the vicinity of the impact point. Metal reward tags attached to all of the 

apparatus flown by the project are depended upon to inspire the finder to 
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{ contact us. In order to have complete recovery we have found it necessary to 

have a special telephone system set up so that recovery calls can be received at 

any time of the day or night since a great number of recovery calls come in off- 

work hours, k reward consisting of between $5.00 and $1$.00 is paid for recovery 

of apparatus. Complete recovery notes are taken at the impact point if possible 

by the recovery crews. This information has been found extremely valuable in 

telling what conditions the flights came down and often times has helped to 

determine whether there was a basic equipment failure or whether certain 

observed conditions were due to ground itipact. A complete autopsy is done 

on every gondola returned to the laboratory with detailed notes being taken 

on the condition and, if possible, operation of every piece of gear. This 

has helped in a number of cases to prevent faulty equipment or equipment 

faulty in design from being flown again. We have had vandalism of our 

equipment on very few occasions. 
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THE OLLAND CYCLE METHOD OF PRESSURE RECORDING 

A. Introduction and principle of Operation S 

The Olland Cycle is basically a method of locating the position of a pen 

arm with a very high degree of accuracy by using a vttrnier principle. The 

instrument was suggested to this project by the New York University Constant 

Level Balloon Project where it was used in a more elementary way and apparently 

originated with Olland of Utrect, Holland, as a hydrographic device to record 

the flow of water associated with the dikes. The instrument when used for the 

measurement of atmospheric pressure utilizes a bellows and contact arm assembly 

usually of the type used in weather bureau instruments. The Olland Cycle drum 

is substituted for the commutator to measure the precise position of the contact 

arm. It consists of a spindle of insulating material with a spiral metal contact 

which is wound around the arm and is carefully made flush with the surface of the 

cylinder. This cylinder is rotated by a small motor at constant speed of about 

1 rpm and as the contact arm from the bellows touches the spiral a relay is closed 

and a signal is transmitted over the telemetering system. Contact is also made 

by fixed contact at one end of the spiral so that the position of the movable 

contact arm can be determined by the phase angle between the time of contact of 

the fixed reference and the time of contact of the movable arm considering the 

time between two successive reference contacts as being equal to 360°. The 

instrument as originally used by the NYU Project had a single spiral of about 

10 turns. This introduces an ambiguity in that from the phase angle one knows 

only how far between turns of the screw the pen is located and one does not know 

which turn of the spiral is referred to. A major improvement was made during the 

work of this contract by introducing a one turn helix which is placed right over 

the 10 turn helix. The movable arm therefore makes contact with both the one turn 

and the 10 turn helix and as it moves across the scale the phase ar^e of the one 

turn helix changes 360° and serves unambiguously to locate which of the 10 turns 
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the contact pen is located between. The instrument has been improved consid- 

derably by eliminating the second contact which normally serves as a reference 

and introducing instead one or two straight contact bars parallel to the axis 

of the cylinder and having a small width like that of the spiral itself. These 

provide a fixed reference contact which is made by the movable pen itself and 

so there can be no relative phase displacement between a movable pen and any 

fixed reference pen due to changes in the mounting of the instrument or perhaps 

shifting of the drum. Most of the flights have used a type of construction in 

which the contacts were made on the spiral which was a small metal bar wrapped 

around a brass core and projecting above its surface. The spaces in between 

were then coated with a plastic material which was then polymerized and the 

whole surface was ground off perfectly smooth so that the pen would ride smooth- 

ly over the contact spiral from the insulating material. 

To simplify the construction of the instrument this process was reversed and 

grooves were cut into a brass cylinder using ordinary lathe techniques where the 

spirals were desired to be placed. The grooves were then filled with plastic 

which was polymerized and the whole cylinder was turned off and polished as 

smoothly as possible. This means that contact is normally made on the drum 

but is broken when the pen arm passes over the spiral and the relay is opened, 

and makes contact keying the transmitter. The Olland Cycle as used on the 

first 20 flights was'briefly discussed in the first progress Report (Volume I, 

p. 5-U). 
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B. Method of Manufacture 

The original method of manufacturing the rotor was to turn an 11 turn 

helix on a brass drum, then cut through this helix for the one turn helix 

and silver solder a wire of the proper diameter into the gaps cut in the 

11 turn helix and to the surface of the drum. The whole drum was sent out 

of the Physics Department shops to the Wolkerstoffer Company, Minneapolis, 

to have a hard surface plastic, Heresite, sprayed and baked to the surface. 

The rotor then was ground at high speed to uncover the helices and to polish 

the surface. It was cleaned very carefully to remove any traces of grinding 

coolant and grease and then given a very light silver plate to improve the 

conducting surfaces. A drawing of the rotor surface unwrapped is shown in 

Figure 31. 

A 1 rpm Brailsford motor was used to drive the rotor and a Bendix Freiz 

Radiosonde Bellows Movement, type 51537-2 was used as the pressure measuring 

element. The reference arm, taken from a radiosonde movement, was mounted so 

that it contacted only the end of the fast (one turn) helix. Shop drawings 

for this instrument are shown in the first Progress Report, Volume II, Appen- 

dix XI, Drawing BAU21-D. 

During the period covered by this report a new Olland Cycle has been 

designed, and though it was not flown on any of these flights, the improved 

features will be discussed here. 

Silver soldering the fast helix onto the surface of the rotor was a 

process that was both difficult and also resulted in a number of rejects 

because of small accumulations of solder in the angles formed at the inter- 

section of the helixes. In addition, the grinding process was found to 

result in rough edges along the helixes because of the tearing action of 

the wheel, and because the hot particles of metal torn out of the helixes 

J 
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become imbedded in the plastic. 

A new method of construction was decided upon where the helixes would be 

turned into the surface of the drum, a much simpler process, and the helix would 

then be filled by an insulating material. A plastic Araldite 101 and Hardener 

95l which could be applied in the shop was obtained from the Ciba Company, New 

York thus reducing the necessity of sending the rotors out. Smoothing the 

surface consisted of removing the excess plastic with a very high turning 

speed and slow tool feed and a sharp tool. The metal was barely touched on 

the last cut, keeping to a minimum the amount of metal removed and the rough 

edges. The rotor was polished with rouge applied on wet fingers. 

Since it had become apparent that frequent polishing and occasional 

replacement of the rotor or motor was necessary as a part of the between- 

flight servicing of the cycle, a mandrel mounting and a rigid bracket from 

which the rotor could be easily removed was designed with a gear link to the 

motor. This gear link also allowed one to change the speed of rotation easily 

by changing the gears. Pictures and shop drawings of this new cycle are shown 

in Figures 32 and 33-a, b, and c. A wiring diagram of this cycle is shown in 

Figure 3^. The principle feature of this circuit is a differential relay 

which closes only when the two pen arms are at different potentials. This 

allows one to read through "cross-overs"$ i.e. telescoping of the pips when 

the reference arm contacts at the same time as the bellows arm contacts a 

helix. Smoothing condensers are also included to reduce relay chatter when 

the arms make and break contact. The second relay furnishes the pulses to 

the neon lamps in the cameras to record the Olland Cycle data on film. 

) 

3 

Confidential Security Information 



Confidential Page VII-26U 

t 

•:•. yM:iifc'  :•''   •/•• ••» .!-;,.-"(•-• :.--'.".- '•••'•••• 

•*U,:. 

"':: Vii .....<; 

- 
.-.• 

r.v*v-.:r-vr-vr •'••",7-'r 

- •;V£*»..„, 

rf ^^a^ippiip^ 
"-.'i":.'»..*. ?r, F, rir^ 

•:.*-»- 

Sec VII Fig 32. Olland Cycle. Right and top views. 

Confidential Security Information 



Page VII-265 Confidential 

Confidential Security Information 



Confidential Page VII-266 

* 

Confidential Security Information 



Page VII-266-A Confidential 

I 

"•) 

Confidential Security Information 



Confidential Page VII-267 

1 
0. 

i 

$ 
i 

o 

i 

o 
I 

~-PWW\ 

Q^O- 

'u«)0- 

,<»;-0- 

__J 

Hi" 

y^ibbi 

*) 

MHi" 

V 
K 

i Ui 
1 -4 
1 O 

>. 
-> U 

K- >v Q - 
? £ £ 
^ <   ^ 
y ~J 
o -4 

^ 
1 o 

* 
h 

Confidential Security Information 



Page VII-268 Confidential 

C. Calibration Procedure and Accuracy 

The Olland Cycle relay normally keys the telemetering transmitter on, 

and at the receiving station a beat frequency in the audio range is produced 

and is passed through filters and is used to deflect a Leeds-Morthrup strip 

chart recorder. The type used is type Q, model S-6o,000 with a paper feed of 

3" per minute. The Olland Cycle is calibrated in the laboratory by connecting 

it directly to the strip chart recorder with the Olland Cycle under a bell jar. 

Many of the flights were calibrated by pumping the bell jar down to a certain 

pressure and leaving this pressure on for a short period while the Olland Cycle 

recorded several cycles on the strip chart, at the same time the pressure was 

read accurately. Pressures are normally determined by a Wallace and Tiernan 

type FA-135 mercury manometer which is permanently mounted to the base plate 

of the bell jar. This manometer can be read precisely to 0.1 mb but it can 

be inaccurate because of a zero error due to slight displacement of the scale 

and to small amounts of gas above the mercury column. If the mercury column 

is run up and down over the full range of the scale very many times there is 

a possibility that air is liberated into the evacuated region above the column 

and so periodically the manometer must be re-zeroed in accordance with the 

instructions furnished by the manufacturer to remove this air. The zero error 

of the manometer is determined by comparing it with a Stokes-lfcLeod gage 

(Flosdorf modification 276-50). As a check on the McLeod a series of readings 

were taken with a J>0 mm Wallace and Tiernan Bourdon gage. This Bourdon gage 

was checked for zero error in a system where the pressure was known to be 

less than 10 microns. The results of such a zero check are shown in Figure 35 

where it can be seen that the Bourdon gage and the IfcLeod gage agree to 

within 01-0.2 mb, thus using this particular set of data one would correct 

the manometer readings by adding 0.8 mb. The calibration procedure was im- 
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proved considerably by establishing a steady pumping rate of the bell jar 

from atmospheric pressure down to the lowest pressure reached by the cal- ) 

ibrations which is in the vicinity of 10 mb. This pump down takes about 

90 minutes in emptying the 3-75 cubic foot bell jar. A pressure reading 

to the nearest 1/10 mb is taken exactly on the minute and written on the 

strip chart next to an accurate time mark made by a pen arm operated by a 

telechron synchronous motor and also recorded on the strip chart. All the 

pressure readings are then corrected for manometer error and the time of 

each pressure pip both one turn and 10 turn helices as marked by the Oil and 

Cycle is recorded on the strip chart. This record looks exactly like a 

flight record, and the same method is used in reading the calibration record 

as in reading the telemetering recorder during an actual balloon flight. 

Several methods have been used for doing this, the simpliest being to use 

an accurately divided steel ruler graduated in hundredths of an inch. One 

measures the distance between the leading edges of two reference pip* which 

mark one revolution of a cycle rotor and the distances from the leading edge 

of the first reference pip to both the 11 turn and one turn helix pip which 

are included between the two references. Then a slide rule is used to det- 

ermine a phase angle and this is plotted as a function of the pressure. During 

flight the phase angle is then determined and the pressure read from the cal- 

ibration chart. This process can be simplified by using a reader similar to 

the one shown in Figure 36 • The inter-reference distance is first set up on 

the reader by lining up the leading edge of one reference under the edge of 

the plastic base line and swinging the pivoted arm out until it intersects 

the other reference on some arbitrarily selected line on the strip chart 

paper. The graduated scale is then moved up on its guide until it touches 

the pivoted aim and since the scale contains 360 divisions it automatically -, 

indicates 360° between references. Now the pivoted arm can be moved so that 
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it intersects the leading edge of a helix pip on the same arbitrary line as 

was used for the reference. The phase angle can then be measured directly on 

the graduated scale. Actually it is not necessary to use the phase angle at 

all but the chart can be mounted so that one reads pressure directly by set- 

ting the reading device on the strip chart record by a suitable alignment of 

the calibration curve the pressure in mb is read directly from an index line. 

This procedure has not been used during the first 55 flights covered by this 

report and will be described in more detail in a later report. 

Figure 37 shows the results of a calibration in itiich the same Olland 

Cycle element was pumped down and read six times in succession. The plotting 

is a little different than that shown in the calibration record of Figure 33 

In this figure the phase angle is plotted as the vertical axis and the pressure 

in mb in the horizontal axis. In Figure 37 the 11 cycles represented by the 

11 turn helix are shown as the series of points which gradually change their slope 

and as can be seen at very low pressures the bellows becomes insensitive as 

the phase angle changes very little with the pressure, at least in a relative 

sense. The points seem to group around two lines of which the first three 

runs constitute one and the second three runs constitute the other as if the 

instrument suffered a slight shift in its standardization during the time that 

the runs were being made. The spread of the points falling on the curves on 

Figure 37 probably are a good representation of the absolute accuracy with 

which this instrument measures pressure and the error is of the order of ? 1 mb 

at the worst place on the scale. With special treatment the Olland Cycle's 

absolute accuracy can be improved but better accuracy than ? 1 mb for the 

flights of this series is not claimed. However, a much higher order of 

accuracy in a relative sense can be obtained. To exploit the ultimate 

possibilities of the Olland Cycle one plots the phase angle directly as 

measured by the instrument in a suitable way and gets the altitude depend- 

ence by an overage figure representing the relation between phase angle 
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and pressure for the altitude range in question. If this procedure is followed 

changes in altitudes of the balloon of the order of the height of the balloon 

which is about 100 feet can be detected at an altitude of 80,000 feet. Data 

obtained by this technique is extremely valuable for studying the vertical 

flight of balloons and examples of it are given in Section 71, Figures 10-13 

which are phase angle plots on which the altitude is also indicated. On 

these figures the scale of the balloon is given by a sketch in actual size. 

C 
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D. Characteristic Results in Flight 

Figures 39 through U2 show portions of an actual flight record. Figure 38 

is the calibration chart and refers to flight #55. This calibration chart is 

of the older type made by stopping the bell jar pumping at various fixed pres- 

sures and reading the pressure and the OllandCycle phase angle and then going 

on to the next point. As can be seen on the calibration record, both the 11 

turn and one turn helixes show as a series of lines and by reading the phase 

angle of both of these one finds the pressure in mb unambiguously. Figure 39 

shows a portion of flight #55 with a very good noise free signal three hours 

after launching with the balloon an estimated range of 100 miles. In this 

particular flight the reference pulse was made double to distinguish it from 

the single turn helix and from the time pips. A differential relay was also 

used so that when the 11 turn helix crossed over the reference, that is, when 

the phase angle was in a neighborhood of zero the differential relay would 

produce a reverse signal so that a narrow pulse could be read in the middle 

of a wide pulse. Tfe values of tipe in central standard time and the pressure 

in mb are recorded in each cycle of the instrument. One would be able, by ref- 

erence to the calibration chart given here, to read off these same values from 

the strip chart record. 

Figure 1*0 is the same flight, #55$  about 12 hours after launching with an 

approximate range of 500 to 600 miles. The record is completely readable but 

there is more noise on the base line. With a little practice all of the various 

Olland Cycle pips can be read out of trie noise background. Figure Ul shows the 

record of flight #55 18 hours after launch with an approximate distance of 800 

to 900 miles. The signal is still readable but the noise has increased. One 

should note that the rotation rate of the Olland Cycle helix is much slower 

which puts the reference pips much further apart, which is probably a temp- 

erature effect. Figure U2 shows the signal from #55 l8£ hours after launching 
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£ just before the signal was lost. In this portion of the record the signal 

faded in again and points were obtained and these points were indexed on the 

strip chart shown. The signal faded out as expected when sunrise occurred 

with the frequency in use which was 1638 kc and the range involved, approx- 

imately 950 miles. The relation between range, frequency and time of year, 

power, etc. is discussed in Section VIII of this report which deals with the 

radio propagation and telemetering problems. Although the Olland Cycle has 

customarily been recorded on a strip chart for the most accurate presentation 

for iaeasurement the altitude can be determined by listening to the Crt keyed 

signal transmitted from the balloon on any communications receiver equipped 

with a beat frequency oscillator and usin^ an ordinary wrist watch with a 

sweep second hand. By making a list of the times the various pulses come on 

one can get an accuracy of measuring altitude which is very good and for many 

purposes is quite satisfactory. The signal frora the Olland Cycle can also be 

easily recorded on tape for playback through the strip chart recording system 

at a later date. This process has been carried out on numerous occasions. 

GONDOLA PHOTOGRAPHS AND BLOCK DIAGRAMS 

The following pages contain for reference purposes photographs and 

block wiring aiagrams of the various gondolas flown on flights #21 - #55- 

Most of the flights differ in their details but wherever possible have been 

constructed of standard co.-nponents. The frequency of use of various items 

can be seen by reference to the table at the beginning of this section. 
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SECTION VIII 

TELEMETERING- 

The principal consideration governing the development and design of 

telemetering equipment and systems has been to make such systems as simple 

as possible, to reduce the power drain of the flight equipment to a minimum, 

and yet to retain the flexibility needed for presentation of all the types 

of data required for the balloon experiments. An effort has been made to 

develop an efficient, compact beacon transmitter which is stable under 

varying conditions of temperature, pressure and applied voltages. A 

summary of the types of data telemetered during this series of flights is 

given in Figure 1. 

A. Sub-Carrier System 

This telemetering system was described in Section VI, Volume I, of 

the first Progress Report. Ty,is system of telemetering was used on flights 

#21 through #2$ and #29. The use of this system was discontinued at this 

time for several reasons: 

(a) The transmitters which were used in flight had low power efficiency. 

The power input to the transmitter was large compared to the amount of 

power radiated from the antenna. This power inefficiency is characteristic 

of amplitude-modulated systems. 

(b) The audio-frequency of the sub-carrier was 2250 cycles and, therefore, 

the system as a whole required a band width of at least U500 cycles. This 

necessarily meant that the service factor for this sub-carrier telemetering 

was essentially zero db as compared to radio telephone. 

(c) It was decided that all the necessary data which would be telemetered 

( could be carried on a narrow band system with higher power efficiency and 

a ouch better service factor. 
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Warning 
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Ballast 
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Command 

Ind. 

Balloon 
Valve 
Command 

Ind. 

Ballast 
Drop 
Operate 

Ind. 

Balloon 
Valve 

Operate 
Ind. 

21 T 
22 T x 
23 I 
2li I 
25 X I X x 
96 T X x x 
27 T I i x 
2B T X i I 
29 X X I x 
30 T x 
31 X I I I I I I 
32 X I x I x x 7 

33 X x 
3k I X 
3* X X X X X I X 
36 X x 
37 I X 
38 x x I X x x X 
39 x I X 
Lfl x I X 
hi X X X X X X X 
Ii2 X X 
L3 x X 
kli I X 
L5 X X 
L6 x x 
k7 x X 
li8 X X 
Ii9 I I 
50 x X 
51 x X x X X X X 
52 x X 
53 x x 
5k I X x X x x x 
55 X X 

*Note: This indication is Included in columns' 3 and $< 

SEC. nn FIG. I 

a 
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B. Pulse-Interval System 

The types of data which were transmitted by the pulse-interval tele- 

metering system, which replaced the sub-carrier system, werei 

(a) Olland Cycle pressure data which is a pulse-interval presentation 

(b) Event information which indicates that a certain event has happened 

or is to happen. The event information was carried by coded symbols such 

as the standard Morse code for A, B, C or D. The events indicated were 

such things as package ballast drops, ballastmetered drops, balloon 

valving or flight termination, 

(c) Metric information such as ballast weight in the tank.. This metric 

information was necessarily changed into such a form that the measurement 

was presented as a space between pulses. In this case, the beacon trans- 

mitter was keyed by pulses from the ballast level coder mechanism. These 

pulses were distinguished from the Olland Cycle pulses by the characteris- 

tic frequency shift of the sub-carrier when this system was used or by their 

repetition rate and pulse length in the pulse-interval system. 

In order to set a narrow band width on this system, certain characteristic 

pulse lengths had to be predetermined. The minimum pulse used in this system is 

approximately one second and the maximum pulse spacing is less than one minute. 

Therefore, the band width necessary in the receiving equipment is not greater than 

two cycles per second. With this bandwidth, the service factor as compared to 

radio telephone, three kc wide, is at least as great as 17 db. This service factor 

i3 that assigned to standard Morse code. The pulse-interval telemetering system 

was used on all of the flights in this series except those named above for the 

sub-carrier system. 

The ground receiving equipment is an essential part of this telemetering 

system and special equipment was developed for the purpose of receiving this 

telemetered information. The receivers (Figures 2-a,b,c) used at present 
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were developed and constructed in our shops and have several special features 

%.» such as an electronic boost-null circuit in the intermediate frequency amplifier, 

which allows the operator to select the desired signal with ease and furnishes a 

large amount of rejection to unwanted signals. The receiver also features a 

diode clipper which allows the operator to cut out low level noise and obtain a 

better presentation of the data on the recorder and a noise limiter to clip 

sharp noise impulses* The receiver also contains a well regulated power supply 

which tends to prevent drift of oscillators and changes in gain and allo*j the 

boost-null circuit to remain on a fixed frequency. This is especially important 

in receiver design for narrow band work. 

Another unit which is used with this telemetering system is a tunable 

audio amplifier (Figure 3). This unit contains a frequency selective filter 

which is entirely electronic and uses RC networks to obtain the desired fil- 

tering. This unit can be adjusted to almost the point of oscillation on a 

chosen frequency so that the selectivity is extremely great. The output of 

the frequency selective filter goes through a clipper circuit which is essen- 

tially a go. no-go amplitude discrimminator. This circuit is designed so that 

when the applied audio signal exceeds a predetermined level the gain at the 

amplifier is increased, resulting in a cumulative build-up to saturation level. 

This allows the presentation of the telemetered data in a much clearer form than 

would otherwise be possible. The final circuit in this amplifier is a direct 

coupled power amplifier which has been designed to operate the recorder system. 

The power amplifier also is provided with an external input to the second grid 

which allows other information to be fed in simultaneously with the telemetered 

data. This is used in some cases to put in timer marks or other such data. 

C. Transmitters 

i - All transmitters used in this series of flights were designed to oper- 

ate over the medium frequency band which includes our assigned frequencies 1638. 

1676, 112h and 17l*6 kc. All of the transmitters were crystal controlled in order 
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to achieve the stability necessary for narrow band telemetering. Crystal 

control is necessary to compensate for the large temperature and supply 

voltage changes encountered in balloon flights. 

The transmitter used for the sub-carrier system which was described in 

the first report (Volume I, Section 71) is shown in Figure U. This transmitter 

was used for the flights mentioned in the sub-carrier section. 

The next transmitter (Figure 5) to be used was a transition model from the 

sub-carrier system to the pulse transmitter. It features high-and-low-power 

transmission with an associated frequency shift (LOFAM). The frequency shift 

and power change is obtained by shifting the cathode feed-back resistors. 

This transmitter was used for flights #26, #27, #28, #30, #31, #32, and #33. 

The power output was 5 W on maximum and approximately J W on minimum power. 

The telemetering decoding system used with this transmitter was the same equip- 

ment as used with the sub-carrier system. There was continuous power drain from 

the B supply and the total power efficiency was lower than desired. 

The next transmitter (Figure 6) in the series was a high-low power trans- 

mitter. The idea behind the low power between pulses was that this was necessary 

for direction finding. However, it was found to be unsuitable because the low 

power signal was too weak to obtain good df bearings at long range. It was 

difficult to obtain a steady zero on the recorder, especially when the trans- 

mitter was at short range due to fading of the low power signal. This trans- 

mitter also put a continuous power drain on the battery supply and its power 

efficiency was again low. This transmitter was used on flights #3U through 

#lt$. Its power output was k W on maximum and approximately \ 1* on minimum. 

The tunable audio amplifier (Figure 3) was used in the telemetering recording 

equipment starting with flight #3U. 
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A pulse transmitter (Figure 7) with screen-grid keying was the next used 

in this series, This transmitter had a very low power output, a matter of a 

few milliwatts, except when pulsed. However, the power drain for the oscillator 

was continuous and this was an unnecessary power waste. This type of transmitter 

was used for flights #U6 and #U7. Its pulsed output was approximately U W. 

The next transmitter was a pulse transmitter in which the negative terminal 

of the B supply was keyed (Figures 6, y-a,b). This transmitter had no contin- 

ous power drain from the 6 supply and therefore the power supply- necessary for 

operation was reduced. It was found by laboratory experiments that the push- 

pull oscillator started reliably in extreme cold and with a very low battery 

supply. The filament supply used was a lead acid battery which does not drop 

in voltage appreciable before, all of the available power is used. However, 

the dry cell batteries used for the B supply do show appreciable drop with use 

and with cold. The B battery supply for 2k hours operation weighs about five 

pounds. This type of transmitter was used for flights #U8 through #55. Its 

power output was approximately U W. 

The antennas used with these transmitters were of the Zepplin type in all 

of the flights of this series. This antenna is preferred as it is of the end- 

fed variety which permits the transmitter to be located in the gondola. The 

antenna is released by a dropper after launching. The antenna used for the 

first group of flights in this series consisted of a twisted pair of wires 

cut to approximately l/U wave at the frequency of the transmitter and a half- 

wave single wire antenna. This antenna was found*to have a severe power loss 

measured to be at least 20 db. At the time of this measurement, investigations 

were made into the properties of Zepplin antennas. It was shown 'ay laboratory 

measurements that the twisted pair feed line had high attenuation at this freq- 

uency and had a characteristic impedance of around 70 ohms. This low impedance 

•by General ItLlls, Inc. 
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A.    Top and side view. 

. - . - -    .   ....  i. 

3 
S«C VIII lig 9.    B. Bottom view. Medium frequency, U watt, pulse transmitter. 
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again contributed to the loss in this type of feed system as there was a high 

degree of mismatch. The type of antenna adopted from these experiments uses 

a transmission line of Columbia ATV-300R, 300 ohm twin lead. Careful measure- 

ments were made of its characteristics on the Q meter in the laboratory. It was 

found that the length which was necessary for the Zepplin transmission line was 

27.6 meters for 17U6 kc and 29.5 meters for 1638 kc. The radiating portion of 

the antenna is cut approximately $%  short of a half wave length to compensate 

for end effects. If we assume that the transmission line from the transmitter 

output to the antenna is feeding a 2li00 ohm load, which is a good approximation 

for a half wave end-fed antenna, we find that the input impedance at 1700 kc is 

about Ul.8 ohms. Therefore, the output transformer of the transmitter was de- 

signed to feed maximum power into an impedance of this value. For a theoretical 

lossless transmission line the input impedance would, in the same case, be 35•3 

ohms. From these figures we can calculate the loss in this quarter wave transmis- 

sion line to be equal to 0o735 db. This loss is rather insignificant and these 

antennas have been shown by use in flights to be efficient radiators. The trans- 

mitter performance has been as good as would be predicted for the power output 

since the use of this type of antenna was initiated. 

D. Radio Propagation Predictions 

As there are always considerable difficulties in telemetering from 

long range with low power transmitters, it was felt to be necessary to make a 

study of radio propagation. This work was carried on for several purposes. 

The radio propagation predictions can give the frequencies which are desirable 

for telemetering at the expected ranges. The predictions will also give a 

reasonable estimate of the required radiated power for the expected flight 

trajectory and allow equipment to be designed for use in these flights. They 

will also furnish data for determining the optimum launching time from a given 

place to obtain the best telemetering performance with a given transmitter freq- 
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quency and power output. 

The radio predictions mere based on the CRPL series D publications issued 

by the National Bureau of Standards. The methods used are described in Circular 

1*62, US Department of Commerce, National Eureau of Standards. The following 

factors were considered in this work on radio propagation prediction: 

(a) The atmospheric noise level at the receiving station 

(b) The receiver noise 

(c) Receiving antenna characteristics 

(d) Predicted method of propagation based on distance and local 

time and the monthly ionospheric predictions (series D publications). 

(e) The non-deviative absorption factor. This absorption occurs mostly 

in the D layer in daylight and is a function of the zenith angle of 

the sun, the time of year, and the number of sunspots. This absorp- 

tion is at best a median value for a month and the absorption for 

any one day is very unpredictable. 

(f) In flights where the great circle path from the balloon to the 

receiving station is through the auroral zone, the auroral atten- 

uation factors are considered. The auroral attenuation is extremely 

large, especially at frequencies in the 2 mc range. 

(g) The balloon altitude is a factor to be considered when calculating 

the line of sight range. The angle of incidence of radiation from 

the balloon transmitter on the ionosphere is less than would be 

calculated for aground station at the same distance from the 

receiver. This effect can be approximated by assuming that the 

transmitter is located on the ground at a distance along the radius 

from the receiver equal to the geometrical line of sight. The bal- 

loon altitude is important only in determining the method of radio 

wave propagation and has little effect on the attenuation factors 

involved. 
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It is difficult to assign any definite degree of accuracy to these predic- 

tions as they are based on a large number of roughly predictable factors. 

According to Circular i;62, Page 116, National Eureau of Standards, the value 

calculated for incident field intensity from a transmitter with a given power 

radiated is the median value for normal days of the month. These monthly median 

values are the ones used for computing the following prediction chart (Figure 10). 

The monthly median values are such that on 90^ of the days of the month, the sig- 

nal strength on a daily average will be greater than -6db and on 90%  of the cays 

the signal strength on a daily average will be less than -f 6 db of the monthly 

median value. 

We also encounter normal fading of radio signals which is due to fluctuations 

of the ionsphere. As a result of this fading the instantaneous values of field 

intensity will be such that 90£ of the time the signal strength is greater than 

-8.2 db and 90%  of the time less than 5.1 db from the median daily value. There- 

fore the field intensity which the lowest instantaneous value of signal strength 

exceeds on 90%  of the days of the month are found by taking the median monthly 

value times .195 (-11*. 2 db). Therefore on at least 90% of the days of the month 

it would be necessary to radiate at least lli decibels above the predicted value 

of required effective radiated power in order to obtain a fixed value of field 

strength at the receiving antenna. 

Another factor of importance in these predictions is the atmospheric noise 

which, of course, varies from time to time in a seemingly random fashion. This 

noise value, however, does vary with the season of the year and the transmission 

of this noise from the noise centers of the world, which are usually atmospheric 

storm centers, varies in the same manner as the transmission of any other elect- 

romagnetic radiation. Therefore atmospheric noise is much more important at 

night than in daytime as the attenuation is less at night. 

Pp 107-109, Circular U62, National Bureau of Standards 
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A study made by the Central Radio Propagation Laboratory shows that 80$ of the 

daily values for field intensity required to read a signal through atmospheric 

noise fall within a range of + 6 db of the median values predicted. Therefore 

6 db must be added to the figure given above of Ik db in order to insure radio 

communication or telemetering for at least 90% of the time. Consequently a 

transmission power of f20 db or 100 times the predicted median monthly value 

should be used. 

An hour by hour prediction (Figure 10) of the median, required, effective 

radiated power for three frequencies and two types of radio communication 

(telemetering and audio frequency command) was made for an assumed flight 

trajectory during the month of February, 1953. The flight trajectory assumed 

was a reasonable value for winter months in this vicinity. The values given 

in this prediction chart are hourly median values based on the montly pred- 

iction for February 1953. The prediction data shows that the 1.7 mc band is 

useful, with moderate transmitter power, for approximately the first 2k  hours 

of the flight. After the second sunrise this frequency should not be useful. 

This prediction was correlated by two flights in January in which a readable 

signal was received at the Minneapolis station continuously the first day and 

night in this frequency band and in which the signal faded below a useful inten- 

sity after sunrise on the following day. No data on performance of the 6800 kc 

band are available as yet although the plan is to fly transmitters on this 

frequency and to attempt a correlation between the radio performance and the 

predicted perfornance. According to the predictions a frequency in the 6-7 mc 

band should be useful for intermediate length flights for high balloon velocities 

such as 50 m/h. The radio propagation predictions do not indicate the amount of 

power necessary to read telemetered signals through interfering transmissions. 

The experience with the 1.7 nc band has shown that all of the assigned frequencies 

are subject to considerable radio interference, such as police network stations 

which interfere 
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with telemetering reception at night. There have been few cases of interference 

in daytime, but the night-time interference presents 9  serious problem when the 

balloon is at long range. With the narrow band system in use at present it is 

often possible to read the telemetered signal through voice transmissions and 

other interfering signals if the exact frequency of the interfering transmitter 

is as great as 200 cycles/sec from the telemetering transmitter. 
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RADIO COMMAND 

A. Command Systems 

Radio control of operation of various devices was used in a large 

number of flights in this series. In all of the command systems used in this 

series of flights resonant relays were used for the audio-selective filters 

and as elements in the control circuits. Our experience with the resonant relays 

has shown that the initial rejection of relays as received from the manufacturer 

is up to $0% and that of the remaining $0% a large amount of choosing is necessary 

to find relays which have high reliability. In manycases, equipment is operated 

for several hours and then the relays suddenly develop a condition in which they 

will no longer reliably operate the command system. The resonant relays are, in 

theory, an excellent method of obtaining extremely narrow band audio selectivity. 

The main difficulty lies in the mechanical unreliability of the existing relays. 

Radio control was used during this series of flights for operating the follow- 

ing:    (a) Ballast drop, both magnetic control of flow from a tank and 

package drop. 

(b) Gas valving, with and without automatic cycling. 

(c) Flight termination. A summary of radio command operation is 

shown in Figure 11. 

One of the command control circuits used during this series of flights 

consisted of a resonant relay with a thermal-element time delay (Figure 12). 

The resonant relay controlled a small three-volt sensitive relay which in 

turn operated a 10-second time delay relay which operated the equipment com- 

manded. This 10-second time delay was thought to be necessary to insure safety 

of the equipment against accidental operation. In this type of resonant relay 

control circuit, the command signal initiated a returning signal on the tele- 

metering channel which indicated that command had been obtained on the control 
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Command Operations used in Flights 

Flights 

Magnetic 
Ballast 
Drop 

Unit 
Ballast 
Drop 

Balloon 
Valve 

Direct 
Flight 
Termin- 
ation 

Sequence 
Flight 
Termin- 
ation 

22 X X 
23 X X 
2li X x 
25 X x 
26 X x 
21 X X 
26 X X 
29 X X 
31 X X X 
32 X X x 
35 X X X 
38 X X x 
39 X 
ho X 
hi X X I 
51 X X X 
5U X X X 

SEC 3mr FIG. II 
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channel in question. This indication of command was actuated by the closing 

of the three-volt relay. After the time delay had occurred, a different coded 

signal was telemetered to show that the commanded circuit had operated. 

The second type of control circuit is shown in Figure 13. This unit 

used a resonant relay audio filter to actuate an amplifier tube-heater time 

delay. This unit consumed less power than the above control circuit and 

was found to be more reliable in operation and to require less adjustment. 

The time delay associated with this circuit was less than the 10-second time 

delay of the other circuit. It was found that with a time delay of 2 or 3 

seconds the security of the operation was sufficient. 

The command receiver antenna consisted of an 11-meter length of flexible 

wire which was attached to the balloon prior to packing. This antenna was 

connected to receiver at the time of launching. Two major typ?s of command 

receivers were used during this series of flights. The first type was des- 

cribed in detail in the first report (Volume I, Section VI). The two rec- 

eivers of this general type are shown in Figures lkt  15. 

This type of receiver was flown in most of the command flights. The results 

of these operations showed that a strong signal in the vicinity of the command 

frequency, 6ii20 kc was capable of blocking this receiver. Subsequent laboratory 

measurements showed that it had rather poor selectivity ahead of the first RF 

amplifier and that it could be easily blocked by strong signals close to the 

operating frea.uency. A review of the radio command flights of this series shows 

that, in two flights (#35 and #1|1) the radio command operation was not completely 

successful due to inadequate radio frequency selectivity and resultant receiver 

blocking. In both of these flights-the ballast dropping and flight terminating 

controls were operated. The difficulty appeared in the valving operationj in 

flight #35 as a result of interference from the valve motor and in flight #Ul 

as a result of interference of the fourth harmonic of the 1638 kc telemetering 

transmitter. 
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No indication of radio control was indicated on flights #2li and #1*0. In 

both cases, the first command attempt was made itfien the balloon was at a range 

of at least 200 miles and subsequent investigation showed that the power rad- 

iated from the ground station antenna, for command, was insufficient for 

proper operation of the control circuits in the balloon gondola. There were 

no other flights in this series which indicated receiver failure or improper 

design. 

Therefore to obtain better RF selectivity a new receiver (Figures 16, 17-a,b) 

was developed. This receiver has a much larger amount of rejection before the 

first RF amplifier stage and therefore is not as subject to blocking by strong 

signals off the command frequency. The double-tuned RF coupling circuits are 

adjusted to be critically coupled which condition results in maximum signal 

with good frequency selectivity. The selectivity characteristics of a double- 

tuned RF coupling unit are shown in Figure 18. T^e intermediate frequency 

for this receiver was chosen to be 120 kc. The IF transformers are commercially 

obtainable and the frequency is low enough to obtain the narrow band pass which 

is necessary for good security of operation in this type of equipment. The 

audio-frequencies used for control are low, not over 500 cycles, and therefore 

it is not necessary to have a band pass of greater than 500 cycles. It is 

desirable, however, to have a low band pass from a standpoint of noise reject- 

ion. 

The new type receiver was only used on two flights, #5l and #5U, in this 

series. The command control system was not tested in flight due to balloon fail- 

ures. However, the command system was operated on the ground at Pierre, South 

Dakota, by a 100 W transmitter at Minneapolis ( a distance of 300 miles) and 

indications were that a good solid command resulted. This receiver, in labor- 

atory checks apparently has the desired characteristics for a command receiver 

on this frequency range. The overall rejection or band pass characteristics of 
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A.    Side view 

B. Bottom view 
Sec VIII Fig 17. 61*20 kc, command receiver with double tuned RF coupling, 
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this receiver are given in Figure 19o 

COMMUNICATIONS AND TELEMETERING RECEIVING 
STATIONS AND EQUIPMENT 

At the present time there are two semi-permanent stations which contain 

communications and receiving equipment. The main station is located at Anoka 

County Airport in the tower of the University Building. The equipment used at 

this location includes two receivers used for telemetering (Figures 2-a,b,c) 

and two communications receivers. One of the communications receivers is an 

National HR0-50T1 and the other receiver is a Hammerland Super-Pro. The tele- 

metering receivers were constructed in the project with the special circuits 

described in the telemetering section. 

There is also a U.S.N. type DAQ direction finder which is used in conjunc- 

tion with tracking operations at this station. The DAQ presentation is apparently 

the only type which is suitable for operation with tie pulse-interval telemetering 

system. AdCock type direction finders do not seem to be fast enough to df on 

this signal as the maximum pulse length is a matter of three or four seconds. 

The DAQ equipment, however, is suitable for direction finding and has been used 

on several occasions. 

The transmitting equipment at the Anoka County Station consists of two 100 W 

transmitters. The modulating and power supply equipment is common to these two 

units. A transmitter control box in the control room allows the communications 

operator to choose one of the two assigned communications frequencies (3Ul$ and 

6^20 kc). The operator is also able to choose the type of modulation by oper- 

ation of control buttons and switches which choose either the microphone input 

CW or MCW transmission for code or he can switch in the command tone generator 

(Figure 20) for use in command operations. The command tone generator is con- 

nected into the main transmitter control unit so that the operator can select 3 
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the desired audio tone by push-button. 

It has been found that operations between Minneapolis and Pierre, South 

Dakota, require two radio frequencies to maintain a reasonably reliable com- 

munications network. T^e base line distance between Pierre and Minneapolis 

is so short that 61*20 kc is unsuitable at night, due to the skip resulting 

from the high angle of incidence on the ionosphere. The alternate frequency 

3Ul5 kc is suitable from this standpoint for 21* hours a day, as far as ionos- 

pheric transmission is concerned, however, it is more subject to attenuation 

in daylight and the signal strength is normally lower during this period on 

3U15 kc than it is on 61*20 kc. Therefore, both frequencies are necessary for 

£Ood continuous communications. 

The special equioment located at this station consists of the audio- 

frequency tunable filter (Figure 3) which is described earlier, a Leeds- 

Northrup Recorder, and a U.S.N. model ROD panoramic receiver which is used, 

at present, for checking the modulation pattern of the 100 W transmitters. 

The other semi-permanent station in use at present is the communications 

trailor which has been located at Pierre, South Dakota, for a large part of 

the last series ox flights. The receiving equipment in this trailor consists 

of two telemetering receivers, two communications receivers and a U.S.N. type 

ARN/7 automatic direction-finding receiver. This ADF unit is suitable for 

direction finding on our beacon signal if the operator switches from "automatic" 

to "antenna" when the signal is off and then, during the long pulse of the s ignal, 

switches again to "automatic". However, it is not as suitable as the DAQ equip* 

ment. 

The transmitters installed in the communications trailor include a 750 W 

transmitter which can be tuned to 3U15 or 61*20 kc. The tuning from one freq- 

uency to the other takes about 15 minutes. There is also a small 3.5 W trans- 
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<§• ceiver on 6U20 kc which is used for testing gondolas and also for short range 

communication with the trailor.    A UO W emergency transmitter is located in the 

trailor.    This equipment is capable of transmission on 3Ul5 and 61*20 kc. 

The specialized equipment in this trailor includes the audio-frequency 

filter described before, a Magnecord tape recorder, a 60 cycle standard freq- 

uency generator which is used to nn clocks and other timing devices.    There 

is a Leeds-Northrup Speed-O-Max recorder for recording the telemetered data 

and a command tone generator (Figure 3).    A transmitter control unit some- 

what similar to that at the Anoka County Station is used in the communications 

trailor to control the transmitter. 

The power supplies in the c ommunications    trailor consist of a 10 kw 

Onan generator which delivers 220 V, 60-**,lj^.    This generator is powered 

by a U-cylinder gasoline engine.    There is a 60 cycle to U00 cycle conver- 

ter with an output of 100 W which is used to supply the necessary UOO cycle 

power for the ARN/7-ADF equipment.    A zero to $0 V DC, 25 ampere, rectifier 

is also located in the trailor.    This equipment is necessary for charging 

batteries and supplying filament voltages for the ARN/7* 
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