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Thermal Conductivity of Liquid Hydrazine (N,H,)
at 293.2 Kelvin and 0.101 to 2.068 Megapascals
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The thermal conductivity of liquid hydrazine was measured by the steady-state hot-wire method at 293.2 K and
0.101 MPa. Eight pure organic liquids were used as reference liquids to calibrate the experimental apparatus. The
thermal conductivity was determined to be A =0.32+0.03 W-m~!.K-!. The present measurement is in
agreement with one recent measurement. The present measurement disagrees with the most recent measurement
as well as several previous measurements and estimation methods. The thermal conductivity was determined to
change very little over the pressure range of 0.101 to 2.068 MPa. The present observed pressure dependence is in
agreement with one previous pressure dependence measurement. The speed of sound in liquid hydrazine was
measured to be 2092 &+ 12 m -s~!, in agreement with previous measurements. There are large inaccuracies
obtained when estimating the thermal conductivity of hydrazine by using standard estimation methods that use

speed-of-sound data.

Nomenclature

= speed of sound, ms™!

constant current, A

Boltzmann constant, 1.38066 x 1072 J. K~!
= path length, m

Avogadro constant, 6.02214 x 10723 mol~!
pressure, Pa

heat flux, J-m=2 -5
resistance, 2

gas constant
temperature, K
voltage, V

molar volume, m? - mol~!

B = thermal conductivity constants of measurement cell
f liquid resonance-frequency difference, Hz

thermal conductivity, W - m~' - K~!

specific volume, m? - kg~!

= critical volume, m? - kg™!
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I. Introduction

YDRAZINE (N,H,) is a propellant often used in propulsion
systems for orbital maneuvering on manned and unmanned
spacecraft. The thermal properties of pure liquid hydrazine are of
major interest when designing processing equipment, spacecraft,
and propulsion engines. The thermal conductivity is an indis-
pensable parameter in engineering work that involves heat transfer
applications. It is also important to understand the pressure depen-
dence of the thermal properties of hydrazine, because it is usually
stored under pressure in orbit. Despite the importance of this
thermal property, there is very little agreement in the literature
among reliable data sources. The current literature disagrees by an
order of magnitude from the first experimental measurements to the
most recent measurements on the thermal conductivity of liquid
hydrazine [1-3].
One problem measuring pure hydrazine is that hydrazine is
hydroscopic and older samples could have potentially contained
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other manufacturing impurities such as aniline. These impurities
could potentially have major effects on the measured thermal
conductivity of hydrazine. This is particularly true of water and
ammonia impurities, as liquid water and liquid ammonia have large
thermal conductivities compared with most liquids at 293.15 K and
0.101 MPa. Table 1 lists the several previous sources for the thermal
conductivity value for liquid hydrazine in various solvents [1-5].
The thermal conductivity of hydrazine was determined previously by
the Ralph M. Parsons Corporation [1]; however, the report is now out
of print and there are few details on how the value was obtained.
Bachmaier [2] measured the thermal conductivity of hydrazine/
methanol mixtures. Once again, there was very little detail in the report
on how this value was obtained or the purity of hydrazine used in
the experiment. Safarov and Zaripova [3] measured the thermal
conductivity ofhydrazine—water mixtures as a function of temperature
and pressure using acylindrical bicalorimeter. They obtained a smaller
thermal conductivity than the two older measurements for 90%
hydrazine in water (A =0.395 W-m™'-K™!) at 293 K. Their
extrapolated 100% hydrazine value was A = 0.328 W-m~' - K~! at
293 K and 0.101 MPa. The Safarov and Zaripova value agrees with
the value in the most recent Chemical Properties Handbook [4]
(A = 0.4008-1.5493 x 107*T—4.8625 x 10~7T?, where A is in W -
m~!-K~!and T is in Kelvin) at 293 K (A = 0.314 W -m~!' . K1)
There is no reference in the handbook regarding the origin of the
thermal conductivity value other than that it was based on
unspecified experimental and calculated values. The most recent
measurement from Grebenkov et al. [3] is an order of magnitude
smaller than the older measurements at 295 K and 0.101 MPa
(A =0.0499 W-m™!-K!). This value is on the low end of
thermal conductivity of most measured liquids. Grebenkov et al.
used a steady-state hot-wire method with anhydrous hydrazine.

For most pure liquids, the thermal conductivity can be estimated
by using the modified Bridgman equation [6,7]:

2/3
A= 2.8(&) key
%

n

M

In Eq. (1), N, is Avogadro’s number, V, is the molar volume,
k is Boltzmann’s constant, and Cy is the speed of sound in the fluid.
For liquid water, the speed of sound is 1496.70 m - s~! at 298.15 K.
The speeds of sound in hydrazine, monomethyl hydrazine (MMH),
and unsymmetric dimethyl hydrazine (UDMH) were previously
measured by Kretschmar, as discussed in [8-11] [cy=
2074 m-s7! (N,H,), 1548 m-s™! (MMH), and 1247 m-s~!
(UDMH)], at 298.15 K . The thermal conductivity of hydrazine
estimated by the Bridgman equation is 0.569 W-m™'-K~! at
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Table 1 Previous determinations of the thermal conductivity of hydrazine

Reference Purity A W-m!.K! Method

[1] 95% N,H,, 5% H,0 0.50 Unknown measurement
[2] Unknown 0.54 Unknown measurement
[3] 90% N,H,, 10% H,0 0.395 Cylindrical bicalorimeter
[4] 100% N,H,4 0.314 Reference handbook [4]
[5] Anhydrous N,H, 0.0499 Steady-state hot wire

298.15 K. The Bridgman equation suggests that the older mea-
surements of thermal conductivity are correct, even though these older
measurements have ~5% water added, which most likely increased
the thermal conductivity measured.

Gibek and Maisonneuve [12] recently measured the speed of
sound in liquid hydrazine by measuring the waterhammer over-
pressure levels in flowing hydrazine pipes. They obtained a speed
of sound of MMH of 1530 m-s~! in good agreement with the
Kretschmar value [10,11]. However, they measured a speed of
sound of liquid hydrazine of 1293 m-s~! at 298 K. This value is
significantly lower than the Kretschmar value [10,11]. Using the
Gibek and Maisonneuve [12] value for the speed of sound in
hydrazine in Eq. (1) yields an estimated thermal conductivity value of
0.354 W -m~! - K~!. This estimated value is in agreement with the
current measurements of the hydrazine thermal conductivity by
Safarov and Zaripova [3].

This work investigated the thermal conductivity of hydrazine at
293.5 K and 0.101 to 2.068 MPa by using the steady-state hot-wire
method [13]. The thermal conductivity apparatus was calibrated
by using eight reference liquids that have well-known thermal con-
ductivities [4,8]. The thermal conductivity was determined to be
A=032+£0.03W-m!.K! at 293.5 K and 0.101 MPa, in
agreement with the previous measurements of Safarov and Zaripova
[3] and the recommended value in the Chemical Properties
Handbook [4]. The pressure dependence of the thermal conductivity
was found to not vary (within error of the experimental value) from
0.101 to 2.068 MPa. The observations are in agreement with the
previous pressure trends observed by Safarov and Zaripova [3] for
mixtures of hydrazine and water over the pressure range of interest.

The speed of sound in hydrazine at 293.5 K was measured using an
ultrasonic interferometry technique [14]. The speed of sound in
liquid hydrazine was found to be 2092 + 12 m - s~!. The value is in
agreement with previous measurements of 2093 m - s~! at 293.2 K
[11]. The speed-of-sound result demonstrates that the Bridgman
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Fig. 1 Stainless steel experimental apparatus used in the thermal
conductivity experiments. The glass-tube apparatus was similar in
design, except that it lacked the side arm needed for pressurization.

equation does not yield an accurate estimate of the thermal
conductivity for liquid hydrazine.

II. Experiment
A. Thermal Conductivity

The thermal conductivity apparatus was designed to closely
follow ASTM International (ASTM) standards for the steady-state
hot-wire method (see Fig. 1) [13]. The thermal conductivity cell
consists of a 20.0-cm-long Pyrex glass tube that had a 6.5 mm radius
with 2.45-mm-thick walls. For high-pressure measurements, the
thermal conductivity cell consists of a 21.0-cm-long stainless steel
304L tube that has an inner diameter of 8.05 mm. The tube was
threaded for a Teflon plug that had a silicon rubber o-ring seal. This
plug allowed the cell to be sealed, thus preventing the hydrazine from
reacting with air during testing. For high-pressure tests, a 0.25 in.
stainless side arm was fitted with a valve that allowed the tube to be
pressurized during testing. The helium (99.995%) pressure was
changed from 0.101 MPa (14.7 psi) to 2.068 MPa (300 psi) during
the experiments. A platinum wire (0.06 mm radius) was used as the
resistance thermometer (100 2 and 0.00385 €2/2/°C). The 4-lead
wire was housed in a 1.63-mm-radius, 18.6-cm-long ceramic tube
that was inserted through the center of the Teflon plug. Two lead
wires were connected to a voltmeter to record the voltage during
tests. The other two lead wires were connected to a constant current
source and an ammeter. When the Teflon plug was screwed into
place, the ceramic tube ran down the axis of the tube, as shown in
Fig. 1.

The thermal conductivity cell was filled with the test liquid in
a nitrogen-purged chemical-handling bag. The cell was filled
completely with liquid to remove any dead space that might have
potentially been filled with nitrogen gas. The cell was then sealed
with the Teflon plug and placed into a temperature-controlled water
bath at 293.2 K (£0.5 K) with a temperature stability at the set
point of £0.005 K. With this setup, the effective heating path length
through the test liquid to the temperature-controlled bath was
2.42 mm. A constant current /. was placed on the platinum wire and
the final voltage V; was recorded. When the voltage reached a
constant value (~3 min) the current was again changed. The change
in temperature is then determined by Eq. (2):

V.,
AT = [(Tf— 100 Q)/O.385 sz}KJr 273.15K (2

c

The hydrazine used in the experiment was purchased from Aldrich
Chemicals (99.6% aniline-free). The purity of the calibration liquids
was as follows: water (99.9%), dimethyl phthalate (greater than
99.9%), methanol (99.8%), 2-propanol (99.9%), ethanol (99.5%),
carbon tetrachloride (99.9%), chloroform (99%), acetonitrile (99%),
and acetone (99.8%).

B. Speed-of-Sound Measurements

The experimental setup is similar to that detailed by Han et al. [14]
and will only be briefly described here. Two broadband lithium
niobate transducers with a resonance frequency of 1.8-6 MHz were
attached to a rectangular cell containing the test liquid. The cell was
either a 1-cm-path-length quartz cuvette or a 3.5-cm-path-length
square plastic bottle. One transducer (speaker) was swept through the
frequency range at 1 kHz steps with an excitation voltage ranging
from 0.25 to 2.5 V. Figure 2 shows a picture of the experimental setup



830

Quartz cuvette

DteSAIN AND BRADY

4—‘0- Receiver transducer RMS output
Speaker transducer . Coupler
|
\ / A/D convertor
Frequency +———]
Generator
Laptop
Computer

—_—

Fig. 2 Experimental setup for measuring the speed of sound by using ultrasound.

for the speed-of-sound measurements. A computer-controlled fre-
quency generator sent the driver-frequency signal to the speaker
transducer. The generated sound waves then traveled through the
liquid in the sample cell. The standing sound wave in the sample cell
was then picked up by the receiver transducer on the opposite side
of the sample cell. The frequency signal on the receiver transducer
was sent through a 10 dB amplifier and then through a high-pass
frequency filter inside an output coupler. The root-mean-square
amplitude of the signal was then sent to a transient digitizer and
recorded by a computer. The amplitude of the standing wave in the
cell has a frequency dependence based on the path length of the cell
(L) and the speed of sound of the liquid in the cell. The liquid
resonance-frequency difference Af, the difference in frequency
when the standing wave has a maximum peak amplitude on the
receiver signal, can be related to the speed of sound in the liquid (cy)
by Eq. (3) [14]:

several A f throughout the driver-frequency scanning range had to be
used to obtain the speed of sound.

The path lengths of the two different sample cells were calibrated
with liquids that had known speeds of sound. Water, methanol, 2-
propanol, acetone, and carbon tetrachloride were used to calibrate the
cells.

III. Results

The thermal conductivity is defined from Fourier’s law in heat
transport:

q=—AVT “4)
where ¢ is the heat flux, VT is the temperature gradient, and A is the
thermal conductivity of the material. In the cylindrical symmetry of
the experimental apparatus, the temperature gradient is approx-

Af =2Lcy 3) imately radial:
The liquid resonance-frequency difference varies slightly from peak VT A ﬂ )
to peak due to interference from the cell walls. Thus, an average of ar
310
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Fig. 3 Temperature as a function of applied current I2R for a sample of water at 293.5 K.
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Fig. 4 Inverse of the thermal conductivity (1/1) of the calibration liquid in the thermal conductivity cell as a function of the measured change in

temperature for an applied current (AT/I*R).

The heat flux is the power input divided by the area, which depends
on r:

IR IR

C

A " 2nrl

q= (6)

where /. is the current, R is the resistance, A is the surface area, r
is the radius, and [ is the length. Substituting Eq. (4) into Eq. (6)
yields

AT -1 ar

2R~ % “2ar ™
The effective last term averaged over the relevant range of r is
dependent on the cell geometry and is determined by calibration.
The constant « is substituted for this term. The constant f is
added to account for any temperature drop across the wire
insulation (the Pt wire is not exposed to hydrazine, because it
catalyzes its decomposition) or across the glass walls of the tube
that separates the test fluid from the constant temperature bath.
The constant B is also determined by calibration. The thermal
conductivity of the hydrazine tested was determined from the
change in temperature for a given applied current and resistance
of the Pt wire:

AT_a

PR=itP @®)

Table 2 Thermal conductivity (W - m~! . K~!) at 293.2 K of the eight
liquids used to calibrate the thermal conductivity cell

A
Substance Reference [4,7] Present study
Water 0.5973 0.635 + 0.046
Methanol 0.2038 0.198 +0.015
Acetonitrile 0.1900 0.181 +£0.014
Acetone 0.1667 0.162 +0.012
Dimethyl phthalate 0.1479 0.157 £ 0.012
2-propanol 0.1361 0.133 £0.010
Chloroform 0.1180 0.123 4 0.009
Carbon tetrachloride 0.1044 0.103 £ 0.008

“Thermal conductivity was determined by Eq. (9) with the calibration constants o =
1914008 W-m'-A2.Q"and B/a=-38+£2 W' .m-K
PError is two standard deviations from the fit.

Equation (8) can be rearranged to solve for the thermal
conductivity if the change in temperature per change in applied
current is known:

2
1_ (AT/IZR) B ©)
A a o

The major assumption is that the apparatus is perfectly
cylindrically symmetric and that the temperature gradient is
purely radial. This ignores convection, which could potentially
lead to a vertical gradient component. Also neglected were the
effects of infrared radiative absorption by the liquid.

To determine the absolute values of the cell constants « and f3,
eight different calibration liquids were used. Figure 3 shows a
plot of the temperature as a function of the applied current for
water. The slope AT/I?’R was determined to be AT/I’R=
20.954+0.16 K-A™2-Q~!'. The change in temperature with
applied current of eight different liquids, as listed in the experi-
mental section, with known thermal conductivities was measured
in the same experimental apparatus. The thermal conductivities
used for the calibration curve are listed in Table 2. Figure 4 shows a
plot of the inverse of thermal conductivity (1/A) versus AT/I*R
for the eight calibration liquids. The values are an average of five
to eight measurements for each data point. The « value was found
tobe o =1.91+0.08 W-m™'-A2.Q" and the B/« value was
found to be B/a=-38+2 W '.m-K. The best fit to the
calibration curve can be used to determine the thermal conductivity
of the eight calibration solutions from their measured AT/I’R by
using Eq. (9). Table 2 shows the thermal conductivity predicted for
the eight calibration liquids determined from the calibration curve.
There is an average error of 8% from the known literature values.

Figure 5 shows a plot of the temperature as a function of
the applied current for eight separate measurement runs of
pure hydrazine. The slope was found to be AT/I°R=21.8+
0.2 KA2Q~!'. The thermal conductivity was found to be A =
0.3240.03 W-m~' - K~ at293.2 K and 0.101 MPa by using the «
and B coefficients and Eq. (4).

Figure 6 shows a plot of the thermal conductivity of liquid
hydrazine at 293.2 K as a function of the helium pressure. The
pressure regime chosen was the most relevant to spacecraft in orbit.
Also shown in Fig. 6 are the values obtained from the function of
thermal conductivity versus pressure from Safarov and Zaripova [3].
Safarov and Zaripova found that the pressure dependence of the
thermal conductivity (in W -m™!-K=") followed the following
function:
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0.0 0.2 0.4

sample runs.

P
o, = [(8.33 x 102 17) + 0.917] x (—8.052 x 107572
1

+4.943 x 1072T, — 6.7) (10)

where P is the pressure of interest, P, is29.43 x 10° Pa, and T, is the
boiling temperature.

The thermal conductivity for the current set of experiments
was determined to be A =0.32 £0.03 W-m~! . K~!. The slight
pressure dependence expected from examining the results of Safarov
and Zaripova [3], given the uncertainty of the current experiments,
means that the thermal conductivity pressure dependence in the
present experiments should be within the uncertainty of the current
experiment. The scatter in Fig. 6 demonstrates this to be true. The
current data show the same general trend as Safarov and Zaripova;
however, given the uncertainty, the relevance is probably not
significant. Given the scatter in the data from the present study, the
Safarov and Zaripova pressure measurements conducted over a
vastly-greater-pressure regime are clearly more reliable.

0.6 0.8 1.0 1.2

PR (A%Q)

Fig. 5 Temperature as a function of applied current I>R for hydrazine at 293.5 K. The figure is for the cumulative data for eight separate hydrazine

Figure 7 shows the amplitude of the frequency spectrum obtained
by the receiver transducer with water or hydrazine in the 1-cm-
path-length quartz cell for the speed-of-sound measurements. The
measured speed of sound of several substances determined by Eq. (3)
is shownin Table 3. The average speed of sound in liquid hydrazine at
293.2 K from the two containers was found to be 2092 £ 12 ms~!.
This number is in agreement with previous experimental mea-
surements. The low value observed by Gibek and Maisonneuve [12]
was not observed in the present study.

IV. Discussion

Unfortunately, much of the previous measurements exist simply as
numbers in reference material or government reports. These reports
lack expanded experimental sections and/or hydrazine purities.
There are only two recent peer-reviewed experimental determi-
nations. The current measurement is in good agreement with the
previous determination of Safarov and Zaripova obtained by using a
different experimental technique [3]. The current measurement is
also in good agreement with the value found in the Chemical
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Fig. 6 Thermal conductivity A as a function of helium pressure; current experimental measurements (circles) and predictions based on Eq. (10) (line).
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Fig. 7 Frequency resonance spectrum for water (red) and hydrazine (blue) in a quartz cell (L = 1.0 cm).

Properties Handbook [4]. Figure 8 shows a plot of the known
measurements of pure hydrazine with the present determination
included. Also shown is the thermal conductivity of several similar
nitrogen based liquids (ammonia [4], MMH [9,18], UDMH [9,18],
and phenylhydrazine [19] (90% in water). Figure § shows a general
trend of decreasing thermal conductivity in these ammonialike
compounds with increased substitution. Nonsubstituted ammonia
(NHj;) has the highest thermal conductivity, followed by hydrazine
(N,H,), monosubstituted hydrazine (CH3;N,H;), and disubstituted
hydrazine (CH;NHNHCH;). Contamination with water in some of
the samples in Fig. 8 complicates the picture somewhat. The thermal
conductivity of pure phenylhydrazine is most likely lower than the
measurement because the measurement was done with 10% water
added, and water has a large thermal conductivity compared with
most organic liquids at 293.15 K).

Safarov and Zaripova [3] observed an increase in the thermal
conductivity of liquid hydrazine with increased water content
(from 10-70% water; which corresponded to A =0.395 and
0.499 W -m~! . K7!, respectively, at 29.43 x 10° Pa). In the current
study, several samples were measured with 20% water (by volume)
added to the pure hydrazine. The addition of 20% water increased the
thermal conductivity of the sample to 0.41 £0.03 W -m™' - K~' at
0.101 MPa. This current observed value is in agreement with the
previous measurements from Safarov and Zaripova. Thus, the 5%
impurity of water alone is not sufficient to explain the higher values
obtained by the Ralph M. Parsons Corporation [1]. The present
experiment does not agree with the value of Grebenkov et al. [5]. The
value obtained by Grebenkov et al. would be on the extreme low end
for most organic liquids at 293 K and 0.101 MPa [8].

The effect of pressure on thermal properties is very low in
condensed substances. Pressure is shown to have little effect on the

thermal conductivity of water, ammonia, and hydrazine over the
pressure ranges of the current experiment. In general, thermal
conductivity is increased slightly with increased pressure [7,20-22].
The results of the current experiment were consistent with this
observation. As shown in Fig. 6, there is good agreement between the
observed pressure dependence and the previously observed pressure
dependence by Safarov and Zaripova [3]. The pressure dependence
observed in the current experiment is also similar to that observed by
Grebenkov et al. [5], but their experimental values are almost an
order of magnitude less than accepted values for the thermal
conductivity of liquid hydrazine. Under normal in-orbit hydrazine
pressure conditions, the uncertainty in the hydrazine thermal con-
ductivity is greater than the known pressure dependence, which is
negligible for practical purposes in these pressure regimes.

Table 4 shows the calculated thermal conductivity of several pure
liquids used in this study, for which the speed of sound in the
hydrazine, MMH, and UDMH were previously measured by
Kretschmar [10,11] [cy =2093 m-s~! (N,H,), 1548 m-s~!
(MMH), and 1247 m-s~' (UDMH)] at 293.2 K. As shown in
Table 4, the modified Bridgman equation yields reasonable
estimates of the thermal conductivity for all liquids studied in this
experiment (an average of 20% error) except hydrazine. Hydrazine
has an estimated value of nearly double the measured value. The
modified Bridgman equation suggests that the older measurements
of thermal conductivity are correct, even though these older
measurements have ~5% water added. The addition of water to
hydrazine most likely increased the thermal conductivity measured
in these older measurements. The current results suggest that the
Bridgman equation does a particularly poor job at determining the
thermal conductivity of hydrazine. Equations that estimate the

Table 3 Speed of sound at 293 K determined by Eq. (3) for several different liquids and the two different sample cells

Speed of sound, ms™!

Substance 1 cm cell 3.5 cm cell Reference
Water 1483 1483 1483 [8]
Methanol 1109 1103 1121 [8]
2-Propanol 1181 e 1156 [15,16]
Acetone 1208 1136 1203 [8]
Tetrachloromethane 938 —_— 937 [17]
Hydrazine 2083 2102 2093 [9]
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Fig. 8 Thermal conductivity of hydrazine compared with other similar nitrogen compounds.

speed of sound based on thermochemical properties of the liquid
often have higher errors when the liquid has strong intermolecular
bonding [7].

The speed of sound cy in a fluid can be calculated by using the
parameters from the equation of state [23-25]:

e N
T

An accurate value for the compressibility factor Pv/R.T of
hydrazine is needed to determine correct speed-of-sound values from
the equations of state. The critical temperature and critical pressure of
hydrazine are 653.15 K and 14.69 MPa. The critical volume is less
well known, with v, = 3.155 m® - kg™!, v, = 3.740 m? - kg~!, and
v, =4.323 m? - kg™! previously used [24-28]. Using the value
given by Giordano and De Serio [24] (v, =3.740 m? -kg™!), a
speed of sound of cy = 1830 m-s~' was obtained from the
Giordano and Serio equation of state. Using the value given by
Barragan et al. [25] (v, =3.710 m? -kg™"), a speed of sound of
cy = 1430 m - s~! was obtained from the Giordano and Serio [24]
equation of state. This value is slightly lower than the speed of
sound obtained from the Barragan et al. [25] equation of state
cy = 1495 m - s7!. The critical volume value of Giordano and Serio
[24] only has to be changed by 0.4% (v, =3.755 m®-kg™!) to
match the experimental values of ¢y = 2090 m - s~! at 293.2 K from
the Giordano and Serio equation of state. This demonstrates how
sensitive the equations of states are to the critical volume value when

Table 4 Thermal conductivity (W - m~!

determining accurate speed-of-sound numbers. In processes in
which the speed of sound is a critical value, such as modeling the
waterhammer effect, this dependence should be noted.

V. Conclusions

The thermal conductivity of hydrazine was measured by using the
steady-state hot-wire method. The current measurement is consistent
with one previous measurement as well as the recommended value in
the Chemical Properties Handbook [4]. Older measurements that
contained 5% water are consistent with the estimated thermal
conductivity estimated by using the speed of sound in hydrazine.
The modified Bridgman equation was found to be inappropriate
for estimating the thermal conductivity of hydrazine. Given the
importance of the thermal conductivity, a more modern measurement
by transient hot-wire method that included temperature dependence
would be appropriate. A measurement of the thermal conductivity of
hydrazine as a function pressure by the transient hot-wire method
demonstrates that pressures normal to on-orbit storage do not change
the thermal conductivity much.
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- K™) calculated by Eq. (1) at 293.15 K

A
Substance Calculated Reference % difference
Water 0.601 0.597 0.7
Methanol 0.262 0.204 28.4
Acetone 0.189 0.167 13.2
Chloroform 0.151 0.118 28.0
Carbon tetrachloride 0.123 0.104 18.3
2-propanol 0.177 0.136 30.1
Hydrazine 0.575 0.32 79.7
MMH 0.298 0.249 19.7
UDMH 0.189 0.159 18.9
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