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Operational characteristics of a pressurised Van de

Graaff generator
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(Recetved 16 July 1975, revised 17 January 1976)

Detailed invostigations on tho cporational charactoristics of a pros-
surigsed Van de Graaff Genorator wore undertaken The input and
transfor characteristics, distribution of cuwrrents, and the termmal
voltage and. its load, characteristics wore rtudiod at differont nitrogen
gas prossures vpto 75lb/in® g

1. INTRODUCTION

Van de Graaff gonerators are expensively used for precigion oxporiments innucloar
physice  Some operational charactoristios of such genorators vndey atmospleric
conditions are avadlable in the horature throvgh the pioneering works of R. J.
Van d» Graaff and his associatos (Van Atta el al 1936) and of J T. Smee (Smoo
1944)  However, no such dotailod study woder pressrisod condition has heen
roported in the Tiberaturo (Horh ef of 1937, Tromp & Van do Graat 1939, Van do
GraafT ¢ al 1946, Craggs & Mook 1954, Horh 1959, Living<ton & Blowdtt 1962,
Trump 1964)  Wao, thorefore, undortook intensive studies on the operational
chavastorsties of a pro-surisad Van de Graaff genorator in the one million volt
rango, which has heen dedignod and constructod utilizing indigenously availablo
materials and local engmeor mg fabrication facilitios (Chatter joe ef al 1973), for a
better understandmg of 1ts operation  Some of the rosults obtained from theso
exporiments have hoon briefly "oported olsewhotro (Ganguly & Saha 1973)

2. EXPERIMENTAL SETUP AND PROCLDURES

Tho Van de Graaff gonerator (Chattorjeo ef al 1973) vsad in owr experimoent is
a horizontal maclune housed. inside a prossuro vossel having an overall dimonsion
of about 3 ft dia % 51t long Perspox was used as the insulating support stive-
ture matotial for the Jugh voltage terminal mado of spun alominium  The ter-
minal itsoll was a 22”7 dia cylindor onding as a hemisphore of radins 11" at tho
top torminal end, its total lergth boing 22”. The gap betwoon. the two coaxial
cylinders, viz., tho high voltago tormmal and {ho grovndnd pressuro vessol was
abovt 53" on tho sides. The prosswro vossel was fivst ovacvated to hotter than
10-2mm of Hg to romove traces of moisture before filling it with commorcial
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quality nitrogon gas (wator vapowr content ~ 600 ppm) obtainod in oylinders
from M/s. Tndian Oxygen Iid. The mean room temperatule dwing tho experi-
monts was ~ 28°C.

A 18 cm wido X 3 mm thick endless nylon-waven chargo transport bell, mountod
on two 3" dia solid mild steel rollers, one each at ground and high voltage ends,
was driven by a 3 phase 2 H P. motor at a linear speod of 1300 metres/min.
Corona combd for the spraying and collection of charges were made fiom 1" long
gramophono noedles fixed on a 3" dia Lrass rod, the distance betwoen two ad-
jacent noodles homng 3”. The relative performances of different comb configuvo-
tiony and ther geomotrios for transport of chavgos to the ngh voltage terminal
have hoon studied carlior vnder atmospheric conditions (Ganguly & Suha 1975).
Tor stndios undor prossurised nitrogen gas wo have uged the arrangement of combs
shown in figwe 1 which was found to be the most convoniont one under atmos-
pherie conditions (Configuration IV 2a of Ganguly & Saha 1975)

The terminal voltage was measwred by a generating volt-moter  Its response
was found to ho hnear above 15 kV and was practically indopendent of prossuro
aud the typo of tho fillmg gas  Tho lowd current Joy [1om the high voltage termi-
nal way drawn with the help of an adjustable corona peedle assomhly which was
grovndod through a cuwrtont measvring mofor  The gap bobween the corona
neotlle fip and the dome was varied to control tho 1 rminal voltage  When the
corona neodlo totels the domo, the cusrant flowing wovel. tho1s the short cir-
it cvrrent /g

The rolation betwoen differont ciwronts undor shovt cireunt. condition. shown
i figura 1, are as follows

Io = I, 41 . (D)
and Is=1,4T_ R )]

Trom those equations we can write
I, =1TIs—1I_ . (3)
and ]LU=I(;'—-I_‘ =Ie+I_—1Ig e (4)

Thus, I, and Jre wore estimated {rom the measured values of I, Is and J_ undor
short cirenit condition  Alyo. the resultant mpnt curment at the grovnd ond

g = Te4-1_ .. ()

and henoe can be oaleulated from the measured values of I¢ and I_.



Fig. 1.

Van de Graaff generator 685

Schomatic diagram showing the distribution of currents under short ciremt condition
(Configuration IV 2a of Gunguly & Saha 1975).

Cy. C, : ground end corona combs; Ve : ground end spray voltage; I¢ : ground end
spray current: I : eurrent duo to positive charges going up with the belt; I._ : current
due Lo negative chaiges commg down with the belt and colleetod by the comb Cs;

I1c : loakage current at the ground end; CF, Cy : coronu combs inside the dome; I :
short cirouit current

Distance of the ground end rollor centreline from the ground end baso plate dp =
21", distances of the combs (), C; from the ground end roller econtrelmo degr; = 37,
dong = 2” respectively; distance of the dome ond 1oller centrelme from the dome

baso plate d“{ = 23"; distanco of the comb C{ from the dome base plato (l'c =14,
1
statio gaps betwoen the belt and needle tips of the combs Oy, Cy, L' Cy: gy =2

=g} =gy = 3/8".

3. RESuLTs AND DIsoUsSsIONs

The plot of ground end spray ourrent I¢ against spray voltage ¥, is an juput
characteristic of the genorator. A typical plot of I¢ vs V¢ along with the corres-
ponding ground ond. spraying officioncy I,/J. at & nitrogen gas pressuro of 3
atmogpheros abgolute are shown m figure 2(a) The spray cwrrent increases with
the apray voltage The initial slow rife ig due to Jeakages Tho abrupt rise in
I¢ from Ve~19kV coinoidos with the threshold of spraying officioncy marking
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the onsot of chargoe sprayng through corona. From here the increaso in the spray
ourront und the spraying officiency is due 1o the increaso in charge densily on the
belt  The spraying efficiency roaches a peak at V¢ ~ 25kV indicating a saturation
in the charge density Subsequont increase in J¢ along with the decreaso in
spraying cfficionvy indicatos tho onset of leakage of charges in excoss of saturation
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IMig. 2(n) Variation of ground ond spruy current Jc and the ground end spraywng cffigiency
1,/1¢with the spray voltage Ve al & nitrogen gas pressure of 3 atmosphercs ahsoluto.

Fig. 2(b) Dependence of short ewrenit. current I's and over all charge transfer efficioney Is/In
on tho resnltant put current at the ground end Iy, at & mitrogen gas prossure of
2 atmospheres ubsolute.

from tho surfaco of the bolt. Tnput characteristic curvos of similar nature have
beon found. for pressrres uplo 6 atmosoheres nitrogon  The threshold for corona
was found to inereaso linoarly with gas pressure—a charactoristic feature of the
gay hoeakdown phenomena. The poak ground ond spraying cfficiency was found
to remain constant to a value ~70Y%, irrespoctive of tho pressurc of nitrogen
gas upto § atmospheros ahsolute.

The dependenco of ihe short circuit curront I's on the resultant input curront
Ty, vepresents a trvansfor characteristic of the Van de Graaff gencrator. The
varation of short circuit current Is and the overall charge transfor officiency
Is/T¢, with tho vesultant mput current I3, were investigated at differont mtrogon
gas pressures upto 6 atmosphores absolute. A typical plot of Is and Ig/ly, ve
Iy, for 2 atmosphores nitrogen are shown in figure 2(b). The characterigtios
are smilar for differont prossures The maximum overall charge transfer offi-
olency romains well above 80Y%, and is prastically pressure independent indioating
that our gencrator is a low curront loss system.
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Tho variation of the short cirouit current g, current dino Lo positive charges
going up I, cwrrent duo to nagative charges coming down /_, and thoe loakage
aurrent at the ground end. Ir¢ as & function of spray ourrent Ic were studiad at
different nitrogen gas pressures undoer short circvat condition A typical plot
for 3 atm. N, is shown in figure 3(a). The cwrrents Is, 1, and I_ all show ratwra-
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Fig. 3(a) Variation of different curronts with the ground end spray current 7¢ at a mitrogen
gas pressure of 3 atmpshercs absolute.

Fig. 3(b) Dependonce of current due to negative charges coming down I_ on the current due
to positive charges going up 7, ut a nitrogen gas pressuro of 5 atmospheres absolute.

tion with Ic The loakago cwrrent Irc increasos rapidly after satvration in 7,
is attained. Tho linear increaso in the saturation values of Iy, /| and 7_ with
nitrogon gas prossure is shown in figure 4 The systomatic ifferonce in tho
saturation valuoes of I, and I_  inforred to ho due to different sticlang probabi-
litios of different typos of ions onto the charge transport belt

The depondence of the cwrent due to negative charges commg down I_on the
cwrrent due to positive charges going up I, was studied at different nitrogen gas
prossuros A typical curve for b atm. N, is shown in figure 3(b) There is a
threshold valuo of I, from where I_ starts. Fuxthor, I_ ultimately shows salu-
ration with I due to saturation in the nogative charge density on the belt At
a particular pressure, this thershold value of I, is the minimum amount of up-
going positive charge curront that is neccssary to produce the roquired roller to
domo voltage for negative charge spraying to commenco The throshold value of
I, was found to increase linearly with nitrogon gas pressure.

The maximum stoady termmal voltages sattained in our Van de Graafl
gonorator at difforent mtrogon gas pressures aro shown in figure 4 A maximum
terminal voltago of 1.1 million volt was achieved at 75 Ib/in® g nitrogengasprossure
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with a spray voltage of 38 kV. The load characturistics of the gonorator at dif-
forent nitrogen gus prosguros aro shown in figwe 5. The ourves reveal the esven-
tially constant current foature of the generator.
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Fig. 4. Depondence of terminal voltage and the tion values of the curents Ig, I,
and I_ on nitrogen pas pressure
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Fig. 6. Load charaoteristics ol tho Van de Graaff generator at different gas pressures.
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