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. The Space Shuttle, which will _begin test flights from Ke_rmédy Space

Centef in 1979, uses large quantities of hypergolic propellants. | The

Reactioﬁ Contrbl Systerhs and Orbital Maneuvering Systems engines

use moﬁémethylhydraZine fuel and nitrogen tetfoxide oxidizer.

Ihasmuch as the vapors Qf these propellants are both toxic and flammable,
personnel and equipment safety fequireménts dictate a need to }monitor
their concentration wherever the propellants are used.

Nitrogen tetroxide (NyOy) is monitored in its vapor form as NO;. Severai
techniques are available to measure N02 in air. In 1975, the National Institute
of Occupational Safety and Health evaluated instruments designed to monitqr |
hitro_gen oxides (1). This paper will describé the design-and performance
characteristics of an elec;trochernical NOZI sensor s‘elected by NASA for the o

‘Space Shuttle Program. ' ' o o .

The instrument vs}as developed for NASA by Energetics Science,; Inc., and
the dévelopment is described in their final répért (2).

The instrument consists of a sample pﬁmp, an electrochemical cell, and - ‘ o

_contfol and display electronics. (Figure 1).. The pump pushes the sample |
tﬁrough the electrochemical cell where the vapors are analyzed and an dtitput
proportional to the NO2 concentration is produced. The output is dlsplayed
on a panel meter, and is also avallable at a recorder jack.

The electrochemical cell is made up of a polypropylene chamber covered
with téflon membrane faceplates. (Figure 2). Platinum eléctrodes are
b'onded to the faceplates, and the sensing and counter electrodes are
potentiostatically controlled at -200 mV with respect fo the reference

electrode. The cell is filled with electrolyte, consisting of 13.5 cc of 23% .

solution of KOH.
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Tablé 1 lists the manufacturer's speCifications.for thé N02 sensor.’
Two prototype instfuments were. tested to these specific':ations' by the Naval .
Research Laboratory (3). Zero drift .was.t'ypically 0.1 ppm/8 hours for one
instrument, bqt as much as 1.0 ppm/8 hours fori the'dther; Random span
drift .wasAon the order of 0.7 ppm/8 hours. There was a slow, ﬁegative spén
drift of about 0.5 ppm over four weeks. |
Response and recovery _time_s for _the NO, sensors are very good.
Initial response is almost»i'rnmediate, aﬁd 90% of a change is read with_in
' 20 seconds. Accuracy is also very good. The instrument read low by
0.02 ppm at a 0.1 ppm concentration, lo_w by 0.2 pﬁm at-a 1.0.ppm
qoncentration, and low by 0.6 ppm at a 10 ppm c_ohcentration.' Interference A-
tests.wére Tun on the insfrument fof carbon monloxide,‘ h}}drogeﬁ, krypton,
methane, aliphatic and 4a.r.omatic hydrocarbons, refrigeran.t gases ‘and
methyl alcohol at 500-1000 ppfn cqnceﬁtrations in air. The instrumeﬁt
Was not subjeét to"inter'ference,fro.m any of these. gases, A battery: test
was also performed, and verified that the instrument is Capable of opérating
eight hours 'c_m fi;lly charged batteries.
A field test of one instrument has been performe_d at White Sands Test
| Facility (4). The NO9 sensor performed well in this test, both for
monitoring at Threshold Limit Value levels (5 ppm), and leak hunting in
oxidizer lines, ’l;he random zero drift proved annoying, neceé_sita;ing
frequent rezeroing. This was the instrument with 1 ppm/ 8 hour drift at
NRL. It was reéomménded that the jewel movement panel meter be..

replaced with a digital readout, to avoid motion sensitivity. Calibration



.

was found to be easy using permeation fubes, and %equired only about one
hour. The unit held its calibration two 'weéks,‘ and ﬁrobany would hold
lbngef. | o

in conclusion, the NO2 sensor is considered to be adequate for NASA's
needs. There are no plans at pi‘esent to change the 'pa.meli méter. It is felt
that impfoved manufacturing processes will improve the zero drift
chafacteristics. The instrument is accurate, s'ensitive, ’and easy to use
and calibrate. It should make a significant contribution to the safety and’

reliability of the Space Shuttle program.
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" Table 1

INSTRUMENT SPECIF1CATIONS

7 . ' -""'_""*-—’"-'°""'-"'_'—1._‘.
-l ITEM - _ MODEL . 6302/N09 WIPSTER: '
- e
| Charging Power Requirements . " 110V to 120V AC, 50/60 Hz
| Charging Time ". - S Overhight (approx. 16 hours)
! Operating Time with full charge 'Eight,(S)-hours of continuous
: operation
' Standby Power Consumption : ' ‘ No more than 48 hours between‘
charge and use
Standard Ranges (Dual) _ o NO, 0-5 ppm/0—50 ppm
Response Time - ‘  S : 90% of signal within 30 sec.
i Accuracy. - : o + 2% of full scale range )
Reproducibility . | 2z F.s.
Noise ' _ - : < i% F.S.
..Stablllty
Zero Drlft . ‘ o o :t42% of full scale pervday
_Span or Calibration ' o i.ZZ‘of range per day
Operating Temperature : -~ 32°F - 104°F
(for full accuracy) ‘ '
Operating Relative Humidity _ : . SZ'to-9SZiR.H1
Range
Physical Dimensions ‘ 3" x 5" x 8"
Weight - : . 3.5 1bs,
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