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The pumping speed and compression ratio of the two-stage roots blower
pumping system were measured for light element gases (Hy, D; and He) and for N,
in order to assess validity of the ITER torus roughing system as an ITER R&D task
(T234). The pumping system of an Edwards EH1200 (nominal pumping speed of
1200 m3/s), two EH250s (ibid. 250 m3/s) and a backing pump (ibid. 100 m3/s) in
series connection was tested under PNEUROP standards. The maximum pumping
speeds of the two-stage system for D, and N, were 1200 and 1300 m3/h, respectively
at 60 Hz, which satisfied the nominal pumping speed. These experimental data
support the design validity of the ITER torus roughing system.

Keywords: Roots Blower Pump, Light Element Gas, Pumping Speed, Compression
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1. Introduction

International Thermonuclear Experimental Reactor (ITER) has been designed
to demonstrate the scientific and technological feasibility of fusion energy for
peaceful purposes. The technical main objective is to achieve extended burn in
inductively-driven D-T (Deuterium-Tritium) plasma operation with Q > 10 (Q is the
ratio of fusion power 0.5 GW to auxiliary power injected into the plasma), with an
inductive burn duration of 300~500 secl. To satisfy the mission, the ITER primary
pumping system has been designed, which comprises the torus roughing system and
the high vacuum system2. The torus roughing system comprises roots blower
pumps backed by large tritium compatible piston pumps3, and is used to evacuate
the torus from an atmospheric pressure to the cross-over pressure (10 Pa) of
cryopumps of the high vacuum system, and to regenerate the cryopumps.

The roots blower pump is widely used in various areas such as in semi-
conductor industries for improving a pumping speed in a medium vacuum range, in

conjunction with a coarse vacuum pump such as an oil rotary pump. However,
there is no reliable data on pumping characteristics of D, due to its very expensive

and explosive gas. D, is a part of the D-T fusion fuel gas, so experimental pumping
data on D, are essential for design of the ITER torus roughing system. Hence, the
pumping speeds and compression ratios of the roots blower pump system were
measured for D,, and for reference, hydrogen (H,), helium (He) and nitrogen (N,), as
an ITER R&D task. This report describes the test procedures and results on the
characterization of the roots blower pump.

2. Test Procedure

Figure 1 shows the ITER torus roughing system which comprises a first stage
roots blower pump (nominal pumping speed of 4200 m3/h at 50 Hz operation) and
two second stage roots blower pumps (1200 m3/h each), backed by two piston
pumps (180 m3/h each). The torus roughing system transfers the gas to the tritium
~ plant via double contained piping. The test system shown in Fig. 2 can simulate the
ITER torus roughing system, although it has only about a quarter of the pumping
speed of the ITER system due to the cost saving. The test was implemented using
an Edwards EH1200 (1200 m3/h) for the first stage and two EH250s (250 m3/h) for
the second stage, and a 60 Hz AC power. Technical data quoted from the catalogue
are shown in Table 1.
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Table 1 Technical data on EH1200 and EH250.

Technical data Unit EH1200 EH250
g | wh | DD | o
Motor rating kW 3.0 1.5
Qil capacity L 44 2.0
Cooling water flow L/h 120 -

Mass kg 149 61

Inlet connection mm ISO 160 ISO 63

Outlet connection mm ISO 100 ISO 40

All measurements were proceeded under PNEUROP standards?. The Baratron®
was used for the pressure gauges of P1, P2 and P3. The test gases of H,, D,, He and

N, were introduced into a test dome through a calibrated mass flow meter (MFM).

The test dome was also manufactured under the PNEUROP standards. The gas
throughputs into the test dome were approximately from 0.5 scem (8.4x10-4 Pa-m3/s)
to 40 slm (67 Pa-m3/s). A backing pump was the Osaka vacuum oil-sealed rotary
pump, model P180 (180 m3/h) of an anti-explosion type. A photograph of the test
system is shown in Fig. 3.

An inlet pressure of the backing pump (P3) was controlled to trace the
pumping speed curve shown in Fig. 4, which was determined by the experimental
results of the piston pump3. The simulated maximum pumping speed of 100
m3/h was planned to represent approximately a quarter of that of the gross two

ITER piston pumps. For the pumping speed (S) measurement, the test gas with a
projected flow rate (Qg) was introduced into the dome and the inlet pressure (P) was

measured, then the S is calculated to be S=Qg/ P. A conductance of the valve V3 (in

Fig. 2) was regulated to trace the curve of Fig. 4. Besides for a compression ratio (K)
measurement, a suitable amount of the test gas was introduced into the line through
the variable leak valve V2 (in Fig. 2), together with controlling the conductance of the

V3 to indicate the plotted pressures of Fig. 4, while there was a nil throughput of the
test gas from the test dome. The K is then, calculated to be K=P,/P;,,, in which the

P, and P;, are defined as the backing pressure and the inlet pressure for each roots
pump, respectively. The exhaust H) and D, from the backing pump were, in
particular, diluted by N; of 1 slm (1.67 Pa-m3/s) to prevent chemical explosions and

bubbled into a water to cut off a back streaming of air.  Each pressure reading was
checked every 15 minutes and the latter of two successive readings within 5% of the
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former value was adopted for a valid value4.

3. Results and Discussion

At first, a helium leak test was implemented to ensure a vacuum quality of
the test system. Welded components such as the test dome and flanges were
individually tested with the ANELVA helium leak detector (model-ASL-25V) and
the results are shown in Table 2. An integrated leak test for the test system shown
in Fig. 2 was then, implemented by using the pressure rise method. The leak rate
QL can be written as;

QL=APLxQ / (AP - APy), (D
where APL and AP are pressure rises defined as follows;
APy pressure rise in a pump under leak testing which has kept closed for 5 minutes
after evacuated low enough with the oil-sealed rotary pump.
AP: pressure rise in the pump into which nitrogen gas has introduced for 5 minutes
at the constant flow rate Q (5 sccm) after evacuated low enough with the oil-sealed
rotary pump. Table 3 shows the results of the integrated leak test by the pressure
rise method. The integrated leak rate for the test system excepting P180 was 4.9x10-5
Pa-m3/s, which is sufficient for the ITER use because the ITER roughing system
will be contained in a evacuating grove box2.

Table 2 Results of the component leak test.

Measured helium leak rate
Component
(Pa-m3/s)
Test dome <3.0x10°1°
Connecting pipes with welded parts <3.0x101°
Gas lines with junctions <1.5x1071°
Flanges between the test system and
& y <1.0x1072
vacuum gauges

Table 3 Results of the integrated leak test.

Measured leak rate
Item
(Pa-m3/s)
P180 2.3x10™
Test system except for P180 4.9x10°
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Figure 5 shows the pumping speed vs. inlet pressure curves for the 2-stage
(EH1200+EH250x2) system and the EH250x2 system, although the test system of
EH250 is, in principle, not consistent with the PNEUROP standard. The flat
pumping speed curves of the 2-stage system for four test gases overlap from 3 to 200
Pa, whereas a little difference can be seen for the pumping speed curves of EH250x2

due to insufficient compression ratios of the simulated backing pump. Table 4
shows the maximum pumping speed (Sp,,,), Where the 2-stage system indicates S,

of 1200 and 1300 m3/h for D, and N, respectively at 60 Hz operation. An ultimate
pressure of the 2-stage system was 4.1x10-1 Pa for D,.

Table 4 Maximum pumping speed (S;,.,)-

smax (m3/ h)
System
y H, D, He N,
EH250x2 350 400 430 470
EH1200+EH250x2 1200 1200 1200 1300

Figures 6 and 7 indicate the compression ratio vs. backing pressure curves
for different stages, from which the maximum compression ratios (K,,,'s) are

summarized in Table 5. The K,,, of the two-stage system is enough as 280 even for
H,.

Table 5 Maximum compression ratio (Kp,,,)-

. Kmax
System H, D, He N,
EH250x2 15 20 20 31
EH1200 24 25 24 34
EH1200+EH250x2 280 380 390 600

The validity of the pumping speed S curve of Fig. 5 was evaluated by using
the K obtained. The inlet pressure P;, and S in a case of fully exhausting a gas can

be expressed as follows>;

L, Sp,.
P]n—(K+Sd) Pb: 2)
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K-54

S‘sd+1<-sb

*Sp, 3)

where Sy is a pumping speed of the backing pump and Sy a nominal pumping speed.
Equation (3) shows that the roots pump boosts a pumping speed of the backing
pump S, by a factor of K-S4/(Sd+K-Sy,) in a working inlet pressure range. Using Eqgs.
(2) and (3), we can calculate the pumping speed curves. Figure 8 indicates the
calculated pumping speed curves of the 2-stage system for D, and N,, where Sy is
1400 m3/s at 60 Hz, and the values of K, Py, and S;, are derived from Figs. 4 and 5.
A good correlation can be seen between the calculated and experimental curves of
the pumping speeds, also for D, and He.

Based on the results obtained, we can estimate the projected maximum
pumping speed of 4200 m3/h for the ITER torus roughing system
(EH4200+EH1200x2+Piston pumpx2), for light element gases.

4. Conclusion

Compression ratios and pumping speeds of the 2-stage roots blower pumps
(EH1200+EH250x2) were measured for light element gases (H;, D), He) and for Ny,
to simulate the design of the ITER torus roughing system. The test was proceeded
under PNEUROP standards. The maximum pumping speeds of the 2-stage system
(EH1200+EH250x2) for D, and N, were 1200 and 1300 m3/h, respectively at 60 Hz,
which satisfied the nominal pumping speed. These experimental data support the
design validity of the ITER torus roughing system.
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Fig. 1 ITER torus roughing system.
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JAERI-Tech 2002-056

Fig. 3 Photograph of the test system.
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Fig. 4 Pumping speed vs. inlet pressure curve of the backing pump to be simulated.
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