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EQUIVALENCE OF GASES

Except for a brief period (1978-1987) this rule has only been applied to class AA.

In early days coal gas was the most commonly gas used. When hydrogen or other gases were used in competitions and for record flights, there was a need to compare the lift between gases and to compare records set with coal gas and records where other gases were used. Until now this has been done by calculating the lift of the gas used and then calculate the volume of a balloon filled with coal gas, which would have the same lift.

The size categories of free balloons apply to balloons filled with coal gas.

For balloons filled with some other gas, the category shall be that of a balloon which, filled with coal gas, would have the same lift. (Sporting Code Section 1, 1970)

Until 1978, there were no standard figures for the lifting force of different gases. Only in competitions where all balloons were filled from the same source, a gasworks, the lift of coal gas was reckoned at 0.700 kg/cu m. Same for all individual ascents or attempts on records. In all other cases, the lifting force of the gas should be measured.

The Sporting Code then gave an example with hydrogen where the lifting force was set to 1.050 kg/cu m. By the way this is well below the lift of pure hydrogen.

The result is that for records set before 1978 some quite exotic lift figures have been used. This was according to the rules at the time these records were set. How they arrived at the lift used in the calculation is not known. The rules say that the actual lift had to be measured.

In the 1978 Sporting Code, the lift for hydrogen was given standard figure of 1.140 kg/cu m and for helium the figure was 1.056 kg/cu m. For other gases the actual lift had to be measured (difficult task in the field before a record attempt). The lift was then compared to the lift of coal gas (0.700 kg/cu m.) and the equivalent volume was calculated and used for size categorisation:

Example. A 1000 cu m balloon filled with hydrogen would correspond to 

1 000 x 1.140 / 0.7 = 1 629 cu.m. 

inflated with coal gas and would come in the seventh category (AA-7).

For the records currently listed in Sub-class AA the following lift values have been used:

For hydrogen:
Maximum
1.2390
(Weber 1953)
(better than vacuum!!)



1.0977
(Kondratyeva 1939)



1.0850
(Bourlouski 1939)



1.0580
(Sinoveev 1941)


Minimum
1.0500
(Barnes 1964)

Current standard value is
1.1140
(Gerhardt 1995, Peter 1975)

For helium:
Correct value
1.0560
(Used for 12 record cases)


Minimum
1.0253
(Abruzzo 1980, Davies 1995 - 2 records)

For ammonium:

0.505
(Eidsness 1995)

Corrections and amendments to the rules were made several times (1987, 1991, 1993). Calculation errors were introduced and corrected. Since 1993 the rules have remained unchanged.

SIZE CALCULATION and TOLERANCE RULE

In the early days all balloons that counted were (almost) spherical gas balloons. To simplify volume calculation, it was allowed to regard them as spheres and the average dimensions of the equator diameter and one vertical meridian was used to establish the spherical radius if the difference in horizontal and vertical circumference was less than 5%.

Note: The use of this simplification will result in a calculated volume that may be up to 0.1% greater than the geometrical volume. In fact a 46% difference in circumference would still not be enough to exceed a 5% error.

The Sporting Code Section 1, 1970 then had a table with diameters and corresponding volumes. 

The table gave diameters and circumferences for various spherical volumes. Unfortunately it also gave the data for balloons with volumes 5% smaller and larger than each size category limit. This may have given the impression that the rule actually allowed volumes that were up to 5% larger than a size limit.

This misunderstanding of the tolerance rule is probably much older than 1970. Balloon manufacturers have since a long time deliberately made balloons with volumes exceeding size limits by exactly 5%.

The original intention seems to have been to simplify calculation for near spherical balloons resulting in an error in the order of 0.1%. For other balloons the actual geometrical form had to be used.

In Sporting Code Section 1, 1978 suddenly appears the following rule after a table with size limits for all types of balloons (and airships.)

These volume figures are subject to a tolerance of ± 5%

The rule modified in 1987 to:

The calculation of cubic capacity in sub-class AA is subject to a special tolerance of ± 5%.

No equivalence factor, or special tolerance in the calculation of capacity, is used in determining size category for theese sub-classes.

Rule about 5% tolerance removed for all dirigible classes.

Minor modifications made after 1987. After 1993, the rules have remained unchanged.

SIZE CATEGORIES

In the beginning there was no size categorisation but there were separate records for Aerostats (Ballons sphériques) and Aeronats (Ballons dirigeables) - and even unmanned balloons. There were records for altitude, distance and duration both for balloons and airships and altitude for unmanned balloons (29040 meters on 5.11.1908). Probably also speed for airships. 

At some time, maybe already in 1905 but certainly in force around 1908 and also 1923, size classes were introduced but not the same as later A1-A10.

The changes made in the size categories may have resulted in the loss of some records. A record set before 1978 with a 4000 cu m balloon may have been superseded by a balloon with a volume over 6000 cu m. They were still in the same size category. After 1978, when more size categories were introduced, the old record with the 4000 balloon could then be the best in its size category (4000 – 6000). Further study is necessary.

SUMMARY OF SIZE CATEGORIES


1905-......
......-1978
from 1978


A1
250 and less
AA1
250 and less



A2
250-400
AA2
250-400

Class I
up to 600
A3
400-600
AA3
400-600

Class II
601-900
A4
600-900
AA4
600-900

Class III
901-1 200
A5
900-1 200
AA5
900-1 200

Class IV
1 201-1 600
A6
1 200-1 600
AA6
1 200-1 600

Class V
1 601-2 200
A7
1 600-2 200
AA7
1 600-2 200

Class VI
2 201-3 000
A8
2 200-3 000
AA8
2 200-3 000

Class VII
3 001-4 000
A9
3 000-4 000
AA9
3 000-4 000

Class VIII
4 001-and above
A10
4 000-and above
AA10
4 000-6 000





AA11
6 000-9 000





AA12
9 000-12 000





AA13
12 000-16 000





AA14
16 000-22 000





AA15
22 000 and above





(From 1998: ”Above 22 000”)

The small change in wording for category 15 was made in 1998 to indicate that the upper limit was included in the size category but the lower limit was not. It was not felt nessesary to make the same clarification in categories 2 to 14 as anyone who was exactly on the limit would choose to be also in the lower category to be able to claim an extra category record.

Maybe some old records were incorrectly classified when they were converted to the newer size categories or maybe my information about geometric volumes are wrong.

The following old record could be worth checking

1932-08-18

Auguste Piccard, SUI
(1884-1962)
Max Cosyns


F.N.R.S. I. Hydrogen
14 000 m3
494 405 cu ft
16 201 meters
(53 153 feet)

If the volume is correct, the equivalent volume with the present conversion factor is 22 800 and is just above limit for size category 14. With old conversion factor it is size 14.

CONCLUSION

The above study of the Sporting Code was made to determine if the old Equivalence rule could be deleted and instead introduce the use of actual geometrical volume for all types of balloons. It was found that many records would be lost by such a change. We are satisfied that all records were approved according to the rules in force at the time the records were set. In many cases the balloons used were built to conform with those rules. It was felt that it would be unfair if such records were lost because of a redefinition of the volume calculation.

Based on the complete rule study the Records Review Subcommittee and the Statutes, Bylaws and Sporting Code WG jointly decided not to recommend any redefinition of the size categories in sub-class AA. Instead it was recommended that the wording be simplified without any effect on the actual calculation.

See CIA Records Review Subcommittee report March 2000, item 5).
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