Mansoura Bulletin Yol. 6, No. 2, December 198]. . E.1l5

GAP~-PACTOR APPROACH 1IN NON-UNIPORM
FIELD AIR GAFS
BY

Dr, N.M. PARRAG
ABBTRAC?T:

Method to determine the sparkover voltage for warious gap
goeometriee is deacribed. The reaults indicate ithat a numerical
cosfficient of an emplrical nature such aa gap fasctor can be
developed.

LNTRODUGTION:

Gap~factor ia& a numerical device which desoribes the geo=
metery of any particular configuration. Because of the time
and expense lnvolved in high=~voltage tests on large etructures,
any method of extrapclating the known results ls economically
valuable and of a considerable ald to design. This powerful
technique has beeg developed by Parial. Leroy, Gallet, Koms-
taluk, and Kromer< have been sBuggested that, the experimental
determination of the gap=factor for any oonfiguration at one
epacing enables the well-established rodplane data to be extir-
apolating for that configuration for other epacings. This
paper reports experiments for both positive lightning and
switching impulses to represent the sparkover voltage of the
alr gaps by numerical calculatlion of the gap=factor for diff-
erent geometriesa, e.g. rod-plane, torold-plane, and @phere-
plane air gap confligurationas, The plane electrode was earthed.
Gap lengths of 150 mm, 300 mm were attempted.

EXPERIMENTAL PHROCEDURES
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A six-stage impulse generator of maximum output 330 kV was
used to generate both lightning and switching posltive impulees
(1.2/50 pS and 60/2500 pS impulae shape respectivily). Gap
lengths of 150 mm and 300 mm were attempted., The gap configu-
ratiound were g hemispherically tipped rod of 19 mm diameter
against an earthed plane, a toroid of 30 om diameter against an
earthed plane, and a Bphere of 75 mm dlameter agalnst an earthed
plane, Sparkover probability measurements were obtained from
50=-60 impulses at emch teat voltage level. Pig. 1, shows the
exparimsental arrangemeant for a rod-plane gap.

Suez Canal University, College of Engineering, Dept. of Elect-
rical Englneering, Fort - uald,



E.16. H.M.Parrag

D A A WDt @

Gap=factor decreses with increasing divergence of the
eleciric fleld distridbution and increases with imcreasing con-
yergence s8 shown in Pigure 2 for both positive lightning an
switching impulses. Similar results were obtalned by dallet
for gaps up to 10 m. He showed experimentally for roderad
gaps up to 10 m that the gap~factor was given by:

K =14+ 0,6h/(h + d)

¥Yhere K was the gap-Taotor, h was the length of the earthed

rod, and 4 was the gap length. Pigure 2, shows also that, the
mean sparkover gradient increases linearly with inoreasing the
gap~factor. The linear variation of spakover gradient with gap~
factor zaa alao_found for more complex structures (Parim and
Cortina®) Parisl (1967) propsed an empirical formula for rod-
plane gaps for positive switching impulses was given bdy:

V=G d® kV (Parist)
Where 78 was the aparkover voltage. He reported data obtained

with an impulse shape 120/4000 pS for longer gap# of up to 6.8m
length. The parameters G, and n were 500 and 0.6 respectively.
These parameters wore 400 and 0,75 with great satisfaotion with
the experimental results obtained for the various gap configur~
ations under inveastigation. It was found from the results that;
the ratio of the positive switching-impulee sparkover voltages
for disaimilar configurations was independent 6f the gap lsugth.
By taking as a base the sparkover volitage for the rod-plane ga
configuration, which can be empirically represented(: 5% errorgby:

VS = 400 d0'7s kV
for poeitive lightning impulses and spproximately, also valid
for positive switching impulses.

The sparkover voltage for any other configuration (Ys) can bhe
given by:

V, = 400 K a% 7% v

where K 18 the zap factor for that comfiguration, and d ie& the
gap length in meter, It is not poasible to determine the gap=
factor from the electrostatic fleld distribution, or to relate
it to the vhysicael development of the discharge zsome naeful
attempts® have been made by Schneider and Weck?; and Garciab}.
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