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DOWTHERM A
HEeAT TRANSFER FLUIDS

VERSATILE, STABLE, AND
PREFERRED—DOWTHERM A
HEeAT TrANSFER FLUID

DOWTHERM* A heat transfer
fluid is a eutectic mixture of two
very stable organic compounds,
biphenyl (C H, ) and diphenyl
oxide (C H, O). These com-
pounds have practically the same
vapor pressures, 5o the mixture can
be handled as if it were a single
compound. DOWTHERM A fluid
may be used in systems employing
either liquid phase or vapor phase
heating. Its normal application
range is 60° to 750°F (15° to
400°C), and its pressure range is
from atmospheric to 152.5 psig.

Unsurpassed Thermal
Stability and Efficiency

with Technical Backup
and Support to Match

DOWTHERM A fluid, which has
been employed in industrial heat
transfer systems for over 55 years,
is the preferred product for a wide
range of indirect hear transfer
applications. It is stable, does not
decompose readily at high temper-
atures, and can be used effectively
in either liquid or vapor phase
systems.

*Trademark of The Dow Chemical Comgpany

The low viscosity throughout the
entire operating range results in
efficient heat transfer; start-up and
pumping problems are minimized.
The fluid is noncorrosive to
common metals and alloys.

Of equal importance, but often
overlooked, is the support provided
by the fluid manufacturer. Dow's
assistance to industry is unequalled.
This includes technical backup in
the design phase, during operation
and afrer shutdown, as needed.
Moreover, free analytical testing

is provided to monitor fluid con-
dition.

When it is time to changeout your
DOWTHERM A heat transfer fluid,
Dow's Fluid Credit Program allows
you to return the old fluid and
receive typically 80 percent credit
or more toward the purchase of
your new fluid charge.

Finally, the capability of the manu-
facturer to supply quality product
in a timely fashion must be consid-
ered. Dow's large manufacturing
capacity and strategically placed
warehouses make DOWTHERM A
fluid available when and where you
need it.



FLUID SELECTION
CRITERIA

Four important properties that help
determine the viability of a heat
rransfer fluid in a particular appli-
cation are stability, vapor pressure,
freeze point, and viscosity. These
are discussed below.

1. Stability

DOWTHERM A fluid possesses un-
surpassed thermal stability at tem-
peratures of 750°F. The maximum
recommended film temperature is
800°F. However, DOWTHERM A
fluid has been used successfully in
applications up to 810°F bulk fluid

remperature.

2. Vapor Pressure

DOWTHERM A fluid may be used
in vapor phase heat transfer appli-
cations from 495°F to 750°F. It
may be used in the liquid phase
from 60°F to 750°F. Its vapor
pressure is 3.96 psia at 400°F and
152.5 psia at the maximum recom-
mended use temperature.

3. Freeze Point

DOWTHERM A fluid has a freezing
point of 53.6°F (12°C) and can

be used without steam tracing in
installations protected from the
weather.

4. Viscosity

The viscosity of DOWTHERM A
fluid is low and changes only
slightly between the melting point
of the product and its top operating
temperature. As a result, start-up
problems are minimized.

Thermal Stability

The thermal stability of a heat
transfer fluid is dependent not only
on its chemical structure but also
on the design and operating tem-
perature profile of the system in
which it is used. Maximum life for
a fluid can be obtained by following
sound engineering practices in the
design of the hear transfer system.
Three key arcas of focus are: operat-
ing and designing the heater andfor
energy recovery unit, preventing
chemical contamination, and
eliminating conract of the fluid
with air.

For a more detailed overview of
thermal stability, ask for our puide
to understanding and interpreting
thermal stability data for heat
rransfer fluids.

Heater Design and Operation

Poor design and/or misoperation of
the fired heater can cause overheat-
ing resulting in excessive thermal
degradation of the fluid. Some pro-
blem areas to be avoided include:

1. Flame impingement.

2. Operating the heater above its
rated capacity.

3. Modifying the fuel-to-air mixing
procedure to reduce the flame
height and pattern. This can yield
higher flame and gas temperatures
together with higher heat flux in
the shorter flame area.

4. Low velocity/high heart flux
areas resulting in excessive heat
transfer fluid film temperatures.

The manufacturer of the fired
heater should be the primary
contact in supplying you with the
proper equipment for your heat
transfer system needs.

Chemical Contamination

A primary concern regarding chem-
ical contaminants in a heat transfer
fluid system is their relatively poor
thermal stability at elevated tem-
peratures. The thermal degrada-
tion of chemical contaminants may
be very rapid which may lead to
fouling of heat transfer surfaces and
corrosion of system components.
The severity and nature of the
corrosion will depend upon the
amount and type of contaminant
introduced into the system.

Air Oxidation

Organic heat transfer fluids oper-
ated at elevated temperatures are
susceptible to air oxidation. The
degree of oxidation and the rate

of reaction is dependent upon the
chemical structure of the heat
eransfer fluid as well as the temper-
ature and the degree of mixing.
Undesirable by-products of this
reaction may include carboxylic
acids which would likely result in
system operating problems. Pre-
ventive measures should be taken
to ensure that air is eliminated from
the system prior to bringing the
heat cransfer fluid up to operating
temperatures. A positive pressure
inert gas blanket should be main-
tained at all times on the expansion
tank during system operation.



The rate of decomposition of
DOWTHERM A fluid is also highly
dependent upon conditions in the
vaporizer or fired heater. The data
in Figure 1 show the impact of high
heat flux and low fluid velocity on
the formation of degradation pro-
ducts in a diphenyl oxide/biphenyl
eutectic mixture. Curve 1 shows
the results obtained at an acceler-
ated temperature, a high heart flux,
and a low tube velocity. These
conditions tend to cause high film
temperatures. Curve 2 was ob-
tained utilizing the same operating
remperature and heat flux bur a
high tube velocity. The latter con-
dition reduced the excessive film
temperatures. Curves 3 and 4 illus-
trate the long fluid life that can be
expected when units are operated
under moderate conditions with
the proper relationship between
heat flux and tube temperature.

Units can be designed to operate

at higher temperatures than those
presently recommended in cases
where the greater replacement
costs of DOWTHERM A fluid—
resulting from its increased decom-
position rate—can be economically
justified. In such units, adequate
provision must be made for good

circulation, lower heat fluxes,
and frequent or continuous purifi-
cation.

When units are operated at high
temperatures, liquid velocities in
heaters should be a minimum of 6
feet per second; a range of 6-10 feet
per second should cover most cases.
The actual velocity selected will
depend on an economic balance
between the cost of circulation
and heat transfer surface as well as
the replacement cost for new fluid.
Operating limitations are usually
placed on heat flux by the equip-
ment manufacturer. This heat flux
is determined for a maximum film
temperature by the operating con-
dirions of the particular unit. Re-
moval of decomposed heat transfer
medium can be accomplished by
continuous or semi-Continuous
reclamarion of medium. This is
accomplished by passing a small
side stream from the heater or
vaporizer through a flash still.

Flash distillation serves to reduce
high-boiling fractions to a mini-
mum and to keep fluid quality and
subsequent film coefficients at a
maximum.

Figure 1 — Impact of Heat Flux and Fluid Velocity on the Thermal
Stability of a Diphenyl Oxide/Biphenyl Eutectic Mixture
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Radiation Stability

DOWTHERM A fluid is stable up
to dosages of 10'° rads. At higher
dosages, a polymerization similar
to thermal degradation begins to
occur.

Corrosivity

DOWTHERM A heat transfer fluid,
in both the liquid and vapor form,
is noncorrosive toward common
metals and alloys. Even at the high
temperatures involved, equipment
usually exhibits excellent service
life. Original equipment in many
systems is still being used atter 30
years of continuous service.

Steel is used predominantly,
although low alloy steels, stainless
steels, Monel alloy, etc., are also
used in miscellaneous pieces of
equipment and instruments.

Most corrosion problems are caused
by chemicals introduced into the
system during cleaning or from pro-
cess leaks. The severity and nature
of the attack will depend upon the
amounts and type of contamination
involved.

When special materials of con-
struction are used, extra precaution
should be taken to avoid contami-
nating materials containing the
following:

Construction Material  Contaminant
Austenitic Stainless Steel  Chloride
Nickel Sulfur
Copper Alloys Ammaonia




Flammability

DOWTHERM A heat transfer fluid
is a combustible material but has a
relatively high flash point of 236°F
(SETA), a fire point of 245°F
(C.O.C.), and an autoignition
temperature of 1139°F (615°C)
(ASTM, E659-T8). The lower
flammable limit is 0.6% (volume)
at 175°C while the upper limit is

6.8% at 190°C.

A leak from a vapor system into
the combustion chamber of a fur-
nace will result only in burning of
the vapors; the percentage of car-
bon dioxide usually present will
not permit the formation of an
explosive mixture. A leak from a
liquid system into a furnace com-
partment results in the burning of
the liquid and the production of a
large amount of black smoke due
to incomplete combustion.

Vapor leaks to the atmosphere are
also sometimes encountered. Such
leaks, however small, should not
be tolerated because of the cost of
replacing lost medium. Experience
has shown that leaking vapors have
usually cooled well below the fire
point and fire has rarely resulted.
Due to the strong odor of the med-
ium, such leaks rarely go unde-
tected without corrective action.

Leaks from pipelines into insula-
tion are likewise potentially hazard-
ous as they can lead to fires in the
insulation. It has been found, for
example, that leakage of organic
materials into some types of insula-
tion at elevated temperatures may
result in spontaneous ignition.

Vapors of DOWTHERM A fluid

do not pose a serious flammabilicy
hazard at room temperature, be-
cause the saturation concentration
is so far below the lower flamma-
bility limit. Flammable mists are,
however, possible under extremely
unusual circumstances where the
time of exposure to an ignition
source, the temperature of the
source and the atmosphere, the
volume of mixture, the fuel-air
ratio, and the mist particle size all
fall within a somewhat narrow
range.

If used and maintained proper-
ly, installations employing
DOWTHERM A fluid should
present no unusual flammability
hazards.



Liguip AND VAPOR
PHASE TECHNOLOGY

In choosing between liquid phase
and vapor phase heating with
DOWTHERM A heat transfer fluid,
it is necessary to consider the over-
all process, the hear tolerance of
the product, the equipment, and
the overall economics. In many
cases, the overall costs for the two
types of systems will not differ sig-
nificantly, and the choice must be
based on other considerations.

With vapor phase systems, heat is
transferred at the saturation tem-
perature of the vapor. As a result,
such units can provide uniform,
precisely controlled temperatures.
The heating of synthetic fiber spin-
nerertes represents just one of the
many applications thar take advan-
tage of these vapor properties.

In liquid phase systems, the tem-
perature of the heating medium
decreases as it gives up its sensible
heat. Thus, the temperature of the
medium at the inlet will be higher
than its temperature at the outlet.
This nonuniformity of temperature
can be harmful to heat-sensitive
products, even when it is reduced
by increasing the circulation rate
of the medium. However, for heat-
insensitive products, such changes
in temperature are of little conse-
quence.

In systems with multiple heat users,
a combination of both vapor and
liquid phase may be superior to
either by itself. Economics is the
deciding factor when considering
line sizing, distances, pressure drop,
type of equipment, method of tem-
perature control, and temperature
requirements.

Forced circulation units may be
used with both liquid phase and
vapor phase systems. Such units
require a pump; hence, both initial
and operating costs may, in some
cases, be higher than equivalent

costs for gravity systems with na-
tural circulation vaporizers. How-
ever, costs should be investigated
for each system since this may not
always hold true. In a liquid phase
system the pump for the forced
circulation heater must be sized
large enough for the entire system.
If a forced circulation vaporizer is
used, a pump may or may not be
required to return the condensate,
depending on the liquid head
available.

Many systems use DOWTHERM A
fluid for cooling, either by circulat-
ing it or by allowing it ro boil and
extracting the latent heat at a con-
stant temperature. In addition,
many use DOWTHERM A fluid for
heating and cooling the same piece
of equipment. Where unusually
accurate and uniform cooling is
required, baffles may be placed in
the jacket to direct the liquid flow,
or cooling may be accurately con-
trolled by boiling DOWTHERM A
at the controlled pressure.

Advantages of Liquid
Phase Heating with
DOWTHERM A Fluid

1. Unlike vapor phase systems,
those employing liquid
DOWTHERM A fluid require no
condensate return equipment.
This factor becomes more impor-
tant when there are multiple users
operating at widely differing
temperatures.

2. Where alternate heating and
cooling are necessary, liquid phase
heating allows the use of simpler,
more easily operated systems.

3. There is no temperature gradi-
ent due to pressure drop in the

supply piping.

4. Liquid systems give a positive
flow through the user with a mini-
mum of venting.

5. Liquid phase heating climinates
the problem of condensate remov-
al in such units as platen presses
and horizontal sinuous coils.

Figure 3 shows a liquid phase
heating system employing
DOWTHERM A fluid.

Advantages of Vapor
Phase Heating with
DOWTHERM A Fluid

1. Vapor phase systems provide
much more heat per pound of heat
transfer medium passed through the
user. With DOWTHERM A fluid at
500°F, for example, 12,690 Bru/hr.
will be obtained by condensing 100
Ibsfhr. To match this heat output
using liquid medium, 2,372 lbsfhr.
would be required with a 10°F tem-
perature drop or 481 lbs/hr. with a
50°F temperature.

2. Vapor systems, with their con-
densing vapor, provide a more
uniform heat source and precision
temperature control of the user.
An equivalent liquid system would
have to be operated at extreme
flow rates in order to maintain the
same close temperature uniformity.
This is illustrated in Figure 2.

3. Vapor phase heating has an
advantage where it is difficult to
control liquid flow pattern and
velocity; e.g., in kettle jackerts.

4. No pumps are needed when a
gravity return condensate system
is used with a natural circulation
vaporizer.

5. A vapor system requires less work-
ing inventory of DOWTHERM A
fluid since the line to the user,

and the user, are filled with vapor
rather than liquid.

6. With heat-sensitive products,
where the maximum temperature
of the heat transfer medium must
be limited, heating may be accom-
plished more economically with
condensing vapor than with liquid
at high mass flow rates.

Figure 4 shows a vapor phase
heating system employing
DOWTHERM A fluid.



Figure 2 — Comparison of Liquid vs. Vapor Mass Flow Rates for

DOWTHERM A Fluid at Various Liquid At
Basis: 600°F Inlet Temperature with 5°F Subcooling for Condensate of DOWTHERM A Flud
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Figure 3 — Liquid Phase Heating with

DOWTHERM A Fluid
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Figure 4 — Vapor Phase Heating with

DOWTHERM A Fluid
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HEALTH AND
ENVIRONMENTAL
CONSIDERATIONS

Results of animal studies along
with manufacturing and use experi-
ence indicate that DOWTHERM A
heat transfer fluid does not present
an appreciable hazard to health
when used in accordance with
good manufacturing practices, and
no special precautions are neces-
sary. The medium likewise pre-
sents no serious pollution hazard;
however, provisions must be made
to prevent significant discharge
into public waters.

Health Considerations

Inhalation. Animal studies indi-
cate that DOWTHERM A fluid has
a low order of inhalation toxicity.
Limited studies in rats, rabbits, and
guinea pigs did not show signifi-
cant effects from exposures of 7-10
ppm, 7 hours a day, 5 days a week
for 6 months. These were the
highest vapor concentrations that
could be maintained without con-
densation and fogging.

DOWTHERM A fluid has a striking
odor that becomes quite disagree-
able, even irritating to the eyes and
nose, at concentrations far below 7
ppm. This odor serves as a warning
to prevent excessive exposure to
vapors and fumes. The OSHA
standard for this mixture is 1 ppm.
The ACGIV TLV is 1 ppm TWA,
2 ppm STEL for the diphenyl oxide
component and 0.2 ppm TWA for
the biphenyl component,

Whenever accidental or unusual
conditions result in higher concen-
trations of vapors or fumes, workers
should wear respiratory protection
suitable for organic mists and va-
pors. Where there is a possibility
of oxygen deficiency, workers
should use an air-supplied mask

or positive pressure, self-contained
breathing apparatus. In regular
operations, concentrations of
vapors in the atmosphere should
be kept at levels thar are not dis-
agreeable. If ill effects occur from
accidental exposure to heavy con-
centrations in the air, remove the
victim to fresh air and get immedi-
ate medical attention.

Ingestion. Oral administration of
DOWTHERM A heat transfer fluid
to laboratory rats has revealed a
low order of systemic toxicity. The
single-dose oral LD50 in female
rats is 2487 mg/kg. Limited studies
did not reveal significant toxicity in
rats that received daily oral doses,
5 days a week for 1 to 6 months,

of 100 mg/kg DOWTHERM A fluid.
Liver and kidney effects were
observed at higher doses.

Ingestion of small amounts of
DOWTHERM A heat transfer fluid
incidental to handling should not
cause injury. It should, however,
be recognized that ill effects will
result if substantial amounts are
swallowed. Induce vomiting if large
amounts of DOWTHERM A fluid
are ingested. Consult with medical
personnel immediately.

Eye Contact. Contact with
DOWTHERM A in both the liquid
and vapor form may be painful, but
otherwise is only slightly irritating
to the eyes and will not cause cor-
neal injury. Whenever there is the
potential for gross eye contamina-
tion, face shields or chemical

workers' goggles should be worn to
avoid discomfort that might result
from direct contact. Safety glasses
are recommended for everyday use.
If the eyes are accidentally con-
raminated with fluid, they should
be thoroughly washed with flowing
water for 5 minutes and medical
attention obtained if there is any
evidence of irritation.

If the fluid is contaminated with
material being processed or with
other materials, additional treat-
ment may be required.

Skin Contact. Single exposures
to DOWTHERM A in liquid form
are not irritating to the skin.
However, prolonged or repeated
skin contact may cause irritation
and should therefore be avoided.
Fluid that has been used at high
temperatures for extended periods
of time can cause skin irritation
or dermatitis.

The product is not likely to be
absorbed in toxic amounts.

Contaminated skin should be im-
mediately and thoroughly washed
with soap and water. Contaminat-
ed clothing and shoes should be
removed at once and the clothing
decontaminated before reuse.



Environmental
Considerations

Stability. DOWTHERM A fluid has
a 5-day BOD of 1.70 parts/part,
62% of its theoretical oxygen de-
mand. [ts COD is 2.53 parts/part.
This indicates that it is readily bio-
degradable and non-persistent in
the environment. There is no evi-
dence that harmful products are
formed as a result of biodegrada-
tion. Once its bacteria are accli-
mated, a waste treatment system
should achieve a high degree of
removal of fluid before the waste-
water effluent reaches the receiv-
ing body of water.

Movement. The water solubilicy
of this material is very low—only
14 ppm at ambient temperatures—
and if amounts exceeding this limirt
are mixed with water, the medium
will settle to the bottom. Of
course, turbulence and the pres-
ence of other materials may affect
the physical condition of the solu-
tion. It is also possible that an
emulsion may form under certain
conditions.

Data indicate that a large percent-
age of the medium present in water
will be stripped out during aeration
in the primary stage of a waste
treatment facility.,

Bioconcentration. Dow studies
have shown that both components
of DOWTHERM A fluid—biphenyl
and diphenyl oxide—bioconcen-
trate in trout, but that when these
trout are exposed to fresh water, the
compounds disappear from their
tissues in a relatively short time.

Should this material be discharged
into a body of water, it may bio-
concentrate in fish, but at a signifi-
cantly lower level than compounds
such as polychlorinated biphenyl.
Furthermore, because of the rapid-
ity with which the marerial is
cleared from the tissues and bio-
degrades, it is unlikely to pose a
serious problem.



CUSTOMER SERVICE FOR
UsEers oF DOWTHERM A
HeaT TRANSFER FLUID

Analysis

Dow offers an analytical service for
DOWTHERM A heat transfer fluid.
It is recommended thar users send
a one-pint representative sample at
least annually to:

The Dow Chemical Company
Larkin Lab

1691 North Swede Road
Midland, Michigan 48674

Thermal Fluids Testing Lab

This analysis gives a profile of fluid
changes to help ensure against
trouble from product contamina-
tion or thermal decomposition.

When a sample is taken from a hot
system it should be cooled to below
100°F before it is put into the ship-
ping container. Cooling the sam-
ple below 100°F will prevent the
possibility of thermal burns to per-
sonnel; also, the fluid is then below
its flash point. In addition, any low
boilers will not flash and be lost
from the sample. Cooling can be
done by either a batch or contin-
uous process. | he batch method
consists of isolating the hot sample
of fluid from the system in a pro-
perly designed sample collector
and then cooling it to below 100°F.
After it is cooled, it can be with-
drawn from the sampling collector
into a container for shipment.

The continuous method consists
of controlling the fluid at a very
low rate through a steel or stainless
steel cooling coil so as to maintain
it at 100°F or lower as it comes out
of the end of the cooler into the
sample collector. Before a sample
is taken, the sampler should be
thoroughly flushed. This initial
fluid should be returned to the sys-
tem or disposed of in a safe manner.

It is important that samples sent
for analysis be representative of the
charge in the unit. Therefore, they
should not be drawn from conden-
sate lines or sight glass connec-
tions. Ordinarily, samples should
be taken from the (1) lower section
of a natural circulation vaporizer,
(2) circulating line of a forced cir-
culation (pumped) vaporizer, or
(3) main circulating line of a liquid
system. Occasionally, additional
samples may have to be taken from
other parts of the system where
specific problems exist. A detailed
method for analyzing the fluid to
determine its quality is available
upon request.

Used heat transfer medium which
has been stored in drums or ranks
should be sampled in such a fash-
10N as [0 ensure a representative
sample.

Fluid Credit Program for
DOWTHERM Fluids

If analysis of a particular fluid
sample reveals significant thermal
degradartion of the medium, the
customer will be advised to return
the fluid in his system to Dow
under the Fluid Credit Program.
This program permits customers
to minimize their heat transfer
fluid investment and handling
downtime, while assuring that
replacement fluid is of the highest
quality.

Under the Fluid Credit Program,
Dow credits the customer at the
full purchase price for all usable
material recovered, less a small pro-
cessing charge based on the total
quantity returned. The customer
uses this credit to offset the cost of
the new Dow fluid purchased to
recharge the heat transfer system.
The program is not a reprocessing
service; Dow Chemical U.S.A.
supplies only new, unreprocessed
fluids to customers for both original
system fills and system recharges.
When participating in the Fluid
Credit Program, the customer
should order sufficient new mate-
rial to recharge the system before
sending the old fluid to Dow.

It the fluid sample analysis reveals
that the fluid is contaminared by
organic materials of low thermal
stability (which cannot be removed
by distillation), it generally will
not qualify for the Fluid Credit Pro-
gram. In this case, Dow will advise
the customer that the fluid should
not be returned to Dow. No ma-
terial should be sent to Dow until
the fluid analysis has been com-
pleted and the customer has been
informed of the results.

Before returning material for cred-
it, contact the nearest sales office
listed on the back of this bulletin.
For further information, please
contact your nearest Dow Thermal
Fluids field representative or call
1-800-447-4369, and ask for
DOWTHERM A.



Table 1 — Physical Properties of DOWTHERM A Fluid

(Laboratory values not to be confused with, or substitutes for, specifications). None of below are specifications.

Property English Units Metric Units
Atmospheric Boiling Point e 494 B°F e 257.1°C
Freezing Point e 53.6°F 12.0°C
Flash Point, SETA e 236°F s 113°C
Fire Point, C.O.C." e 245%F e 118°C
Auto Ignition Temp.™ ILI0°F e 599°C
Density at 75°F e 66.0 Ibfft 1.056 gfec @ 25°C

............... 8.80 Ibfgal. @ 25°C
Volume Contraction upon Freezing .o 6.63%
Volume Expansion upon Melting i 7.10%
Heart of Fusion v s 42.2 Bruflb 23.4 calfg
Specific Resistivity ... 1.2 x 10" ohm em @ 32°F
..... 6.4 x 10" ohm cm @ 68°F
.3.9 x 10" ohm cm @ 104°F
Dielectric Constant at 75°F
frequency 107 s 3.26
frequency 107 SSUSSRTR OSSO 2. |
frequency 10° 3.27
Dissipation Factor at 75°F
frequency 107 0.0012
frequency 107 e 0.0001
frequency 10° 0.0001
Dielectric Strength at 75°F e 530 volesfmil
Surface Tension in Air ceevreennnenn. 40,1 Dyniesfem 68°F
............. 37.6 Dynesfcm 104°F
............ 35.7 Dynesfcm 140°F
Critical Temperature s 92T°F s 497°C
Critical Pressure  errrssnennenne. 3093 atm 0 e 31.96 kg/em?
Critical Volume — iniseeeeaeens D030BfEflb e 3.17 cm’fe
Heat of Combustion s 15,500 Bruflb e 8,600 calfg
Molecular Weight (Avg.) s .166.0
#Cleveland Open Cup

TTASTM E659-78



Table 2 — Saturation Properties of DOWTHERM A Fluid (English Units)

TEMP VAPOR PRESSURE ENTHALPY SPECIFIC DENSITY SPECIFIC
HEAT GRAVITY
Absolute Gauge Ligquid Latent Vapor Liguid Liquid Vapor Liquid
“F Ibfin’ Vacuum Btu/lb Btu/{lb «°F) Ib/ft t/25°C
in Hg
336 QU 2.9 0 17%.2 1752 Q.71 .54 S.0000 1.0a9
i QUi o 14 1744 1768 (AR L 6637 QU000 1066
FLu QU000 982 6l 1782 (K] o5 B6.10 (0000 1.062
B QDK it WY 172.1 1519 0.8 63482 0000 L.O57
%0 QO ok 138 17T 1845 0.385 6355 0000 1053
100 001 %9 174 15 187.2 9388 65.27 (0000 |04
11 .00 092 L% 168.4 159.9 ahe2 65.00 00000 | 044
120 003 92 255 167.2 1927 Q3046 6472 Q0001 14
130 C.005% Fid 5 1t 3 195.5 0400 .44 Q000 1.035
140 &0 2991 3.5 1649 1984 0403 6416 20002 1.0
150 G 2981 1.5 16348 .3 0407 G388 fei ] | dd
160 Qi+ 2990 il.6 162.7 043 0411 6360 0004 10212
] Q03D 1985 157 1614 073 HETE 6332 0005 1007
18 Q021 AT 499 1604 210.3 Q418 63.03 Q0000 10158
1% 2037 985 541 1594 2135 L P 62.7% L0060 1008
00 051 2943 SE.3 158.% 2164 QA28 6246 Q0012 1303
e C06d LN 606 151.2 9.8 Q429 &2.17 0.0016 0,994
120 .00 T4 BED 136.2 2231 0433 G188 0021 0.504
230 (LR i 4 19.69 7.3 135.1 2I6.4 437 6159 Q0027 D550
40 Q.16 60 757 154.0 2297 0440 B30 Q00 C.985
250 L] 29.52 Bl 1550 23351 444 H1.00 0044 DD
26D Q.26 29.40 54.5 1520 238.5 2448 &0 T 0,005 0975
70 033 926 B0 151.0 2400 Q451 Lot ] 00069 0971
280 a4l 09 3.4 149.9 24315 D455 Bl 00086 968
Pyl i &350 FLE. BE.1 14589 Mo 245 5] 0106 bl |
300 63 28.65 1027 143.9 1506 461 39.50 Q019 D954
ie 076 1834 1074 146.8 254.2 0.464 59.20 Q0157 0.951
§20 0.9 .87 1121 1458 1519 0470 58.89 0191 0.946
RV 1.17 1755 1164 144.8 2616 Q474 58.59 o019 0941
L 1.41 2706 1215 1438 265.3 0477 58,18 Q0274 0934
350 170 2647 126.5 1428 269.1 0.481 51.96 Q0326 0.aM
360 203 2580 131.2 141.7 A Q485 53.65 00385 0.926
¥ 242 25.00 1360 14008 2T6.8 e L 51.5% Q0454 L] |
180 .56 4. 1409 133.8 2807 o492 ¥ Q0532 e16
2 LR T 2507 145.% 1387 2844 4t 56,70 Q0600 LAY |
00 LR 21.87 1509 1376 188.5 500 56.37 Q0720 0.5906
410 4.62 20,52 155.9 1366 L5 0.52% 36,05 O.0u3 ) 0.5
420 5.5 19.00 Iais 1356 2965 0. %07 3502 Q0959 0.8
430 612 1727 I 134.5 B00.5 510 b 01100 0.890
440 1.18 1531 171.1 133.5 3046 0514 53.00 0.1258 i385
450 B.25 1513 176.3 1324 3084 Q518 54.71 01432 AT
$60 9.44 1q 181.5 1313 128 0522 54,38 01626 DET4
70 1o77 B.00 186.7 1303 5170 2526 404 Q1840 RLB6S
440 1324 501 1920 129.1 LB G529 5570 02006 a6
490 1386 1.7l 1933 1280 3253 2533 5335 0.2315 2857
494.8 14.70 paag 000 199.% 127.4 323.3 0535 5318 02470 0854
oty 1365 .93 el B 1269 35 0537 5300 1618 .851
510 1742 192 208.1 125.7 LEEE 0.541 3165 02319 844
520 19.74 508 2135 124.5% 180 0.545 52.19 03267 0840
530 IL14 T.04 2180 1233 5413 0549 51.9% 036346 0834
540 24.71 100 1245 122.1 §46.6 0554 51.56 04037 a8
550 2751 12581 23] 1208 3509 Q.554 51.20 04472 DAY
S 5055 1585 21351 119.% 335.3 0562 50.82 4943 DAl
0 LER. L 1903 2414 118.2 b Rk 1 50.45 0.5452 aLl
S8 5936 12,68 2471 1169 3640 LT | 5006 06003 504
590 41.71 26.51 1518 1155 §6E.3 0575 49,68 Q6587 .708
£ 4544 3064 2586 114.1 WLT 0.579 19.19 .7137 Q52
H10 45.76 3506 2edA4 2y Lrr | 0.562 45.59 .79 (il 5
B0 54.51 LR} 1102 13 L1 0.586 45,40 (LE84T o779
L 55.50 A48 2T 1098 3359 Q.55 48,08 0.5 464 0772
B4} 65.03 50033 82.0 [ ] 904 2.593 4767 100 0.766
650 TRl 6,01 LE8.0 106.5 3944 2596 47.25% 1.124 Ll
] T00 62.30 1040 105.2 g 5 4452 1.I2% 752
Lrin LR G887 3000 1036 A00.7 o602 46,38 1.318 0745
AL .56 15,56 F0d 1 (L] 408.1 Q605 45.94 1.442 0.738
£ 9 83,17 J1l.: 10,3 4125 usld 4549 1.564 0.731
100 105.8 2110 3.l R 4169 Bl 45.03 1.695 0.713
T 142 9.5 1245 .8 411.3 0615 44.56 183 i 1]
720 1230 10830 »agT 9a.0 4158 0519 HO8 1.9848 Q708
X0 1323 117.60 3370 3.1 430.2 0628 41.59 1151 i
T4 142.1 12740 Hid .2 4346 D628 4309 .37 Q651
750 1515 13780 8.7 9.2 4389 Q633 4157 et (L6584
60 1634 148,70 3562 &1.1 4413 QU 4204 2713 0675
Ers 1749 160,20 6d.7 549 6 Q47 41.49 L5944 LE&T
Tad 157.1 I172.40 110 B.6 451.8 U655 091 L1 D658
.Y 199.8 185,00 §T55 B0 4560 Qubsd .34 3456 (6
BXO 133 1966 3827 116 4501 QBT T4 L4 2638




Table 3 — Saturation Properties of DOWTHERM A Fluid (Metric Units)

TEMP. VAPOR PRESSURE ENTHALPY SPECIFIC DENSITY SPECIFIC
HEAT GRAVITY
Absolute Gauge Liguid Latent Vapor Liquid Liguid Vapor Liquid
“C kgfem? kealfkg calfg +*C glem! kg/m? t/25°C
X0 CU0000 o 97.3 973 (18 ¥l | 1068 000 1.0649
150 CLODO 1.1 Q. a0 {473 1064 0.000 06T
200 SO0 Xy a1 LR 0578 1.0 (il ] 10438
Mo CLOOOS 4.9 945.7 1306 {03380 10458 A0 1.0549
W0 G000 LT a5.1 e a 883 1.052 00 1.055
LET QU0 8.7 .5 105.2 987 148 Q000 1441
H{ [el il [T LG 1046 Q390 1044 00 1047
£5.0 00002 1245 953 1059 Q59 1040 Q002 1043
0.0 QB0 146 9.7 107.5 {.597 1056 Q.00 1,039
5.0 30003 X3 ail a5 CLA00 14042 (LR 1033
G000 G004 86 9106 1062 LA 1018 003 103
L0 D007 Nk 0 1116 [LE Uy 1024 Q005 1027
o0 0000 1 05 1131 Ll I [y 1020 0006 0%
5.0 Gai b 4.7 FOD 1146 ME L] 1.01& Ll ] 1018
Ah0 il i o4 LU 1161 o417 L2 Q0100 1014
#%0 fileard ] 89 BER 1Ly QAN 1007 0oy Lo
90,0 L0080 3.0 LT LR 0424 1.003 0016 1.006
0 QU003 (1N ALy 108 0427 0.9 u02d |
100.0 Q0051 35.2 87.2 1224 0430 0,995 0027 0998
1050 0 A4 BT 124.1 D433 R | 035 oo
11D .t Wb LY 1257 0437 0947 J043 (1.949
150 o 418 LA 1274 0440 LasY 0053 (Lo8E
1300 Q0034 4.0 E5.1 [y’ | 0443 Q978 067 Pl
1250 (] [, .2 B8 1304 2447 0974 Q083 iR iy
L300 QU208 5.4 LS 1325 0430 0a90 U ks [l e
1 35.0 TS LT LA I3 455 {05 124 s
14000 L] 310 R 14650 D456 08450 51 .9ag
14%0 D 5452 BLS 138 460 D957 0,181 50
15000 [l 1Y bR H2A 186 oAG3 .95 L2164 L%
15%.0 00562 EL R Bl.% 141.4 DAGh 048 0,257 Q050
1A} Pk T &2.% 1.0 1432 G470 0.54% 0.6 L6
1650 PR ol A5 Y 1431 4TS 959 . 560 {2
| 70 L0505 A7 B0 14649 2A7E 0.9%4 0.42% Wk By
1750 AR HaLl 5 1488 0479 0930 Q497 a%y
a0 L 718 TG 1507 O4Es 0.92% o579 ke by
1850 Q1563 4.7 TEA4 15246 R ja QuaT2 J0r4
190.0 01520 T 780 1%4.6 0459 0916 0.7 009
19%.0 C21h) T 715 156.5 gl a9 0,893 el
M0 Q2540 Al 6 158.5 R Jaa7 | s 2810
kLT .28 L.EN | T4 l&lq 490 0902 132 PR
4.0 O ERG B 755 1624 503 Qs .33 L
a0 Q37D L) 754 1644 3506 08493 L51& LB
TH0 DA LIRS T4.9 1665 G510 [.888% i ki nadl
20 04540 94.2 V4.3 1655 aa1s 554 195 (LA%6
%0 05400 W Tig 17005 D517 QBT 1183 QR
g £ T Q6210 W4 142 172.6 0520 0LE74 2450 L876
2400 L7000 100 1LY 174.7 0524 L8659 1742 ATl
450 QLTAT 1046 .-...! 1767 a7 1, Ry 1| OLRGG
X500 W § 193.2 HE: 1788 055D QA5 A0 Eal
2550 CHE 0 [E R Tl 1808 25 0.45%4 1786 L8560
257.1 1033 CLOCK 110 To8 iRl.8 a1 RS2 LA AE AT
2600 11000 .08 1126 FLA 1850 0518 {.840 4.19% 8%
2650 1.225%0 i1 11%.1 e LA 541 {544 44641 LB
100 13580 R 1180 6,3 187.2 545 L 5126 QB4
2150 1. 50 2472 1307 GET 1854 0548 DLy b L846
2800 16 h LR 1X34.5 Gi. | 191.5 552 {LEEA G210 QA3
TR0 AR 0800 12612 T4 195.7 0.5%0 0823 LRIG JUE2S
2900 LOIT0 g 1300 GhR 195.8 R OLE18 TAGE 02X
294%.0 e 1.18] 1314 atel| 1850 535 dB81 8,163 Q815
Koo 24260 1343 134.7 645 5 L {547 0857 B ;
050 26550 L.l 137.5 frd 24 k) | QBN Fi I LA04
LY falln bl b 1.5862 1404 . | 2045 574 0,796 10550 Q798
50 10540 LI 1433 64 060 576 0.7 11490 a1l
§30 34510 2,504 146.] 627 W59 (R 0784 12480 0.787
150 L7250 1602 1491 620 2111 0,585 Q.779 13530 oL7El
§30.0 4059 1006 15240 .3 i3 L5959 0713 150 0.71%
P50 45710 1358 15%80 L 55 D592 502 15,550 Pl
Y00 47140 3.69] 1379 508 274 0594 0560 17.120 Q763
M0 S.0980 4065 | &0 0.0 100 0.597 0.75% 16480 n7s7
¥50.0 S.49%) 4 40l 1639 582 122 Qb 0749 199350 (e |
53,0 50020 4579 1669 574 114.4 0602 0742 11460 0,744
WL 355 230 1 700 3.6 b Le05 (A 1 2L 100 L7i8
165.0 GRS 5, THS 1730 358 JIRE L= 729 24,560 731
Ao 10 6277 1760 549 k] ] | L72% 26750 TS
37s0 1AL i, 754 1949.2 4.1 1332 L6014 276 2. 740 &718
0.0 HATIO 7.388 1823 512 2154 da617 {09 WL ET0 il
850 LR Tl 18%.4 §1.2 76 [hE o | [ LEA L (.704
ALY .53 5500 188.% 2.3 JHILR LGE 695 5800 BT
Ws 0 101700 9,141 191.6 %03 Mo Q60 D638 V4,190 O
00,0 ICLEH0 o802 1945 40,1 2dd, 2 0635 LEED 4. S0 (.1
4150 105300 1045 1982 48,5 24n4 el LT 45950 b4
4100 122600 {1222 2014 47.1 ME.E 0647 G665 470500 o
4150 15020 11.98% 2047 qh10 J50T 0655 85T 0710 0658
4 100 138100 | 2080 44.5 EL TS s WLl 50 Wb
4150 146300 15613 X4 415 X549 0671 &30 S8 650 2641
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Figure 5 — Characteristics of Biphenyl-Diphenyl Oxide Mixtures
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Figure 6-Expansion of DOWTHERM A Liquid
Basis: 100 Gallons at 60°F.
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Fiqure 7 — Solubility of Water in DOWTHERM A Fluid at Atmospheric Pressure
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Figure 8 — Liquid Viscosity of DOWTHERM A Fluid
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Figure 9 — Calculated Viscosity for Vapors of DOWTHERM A Fluid
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Figure 10 — Thermal Conductivity of DOWTHERM A Liquid
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Figure 12 — Calculated Specific Heat Ratio for Vapors of DOWTHERM A Fluid
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Figure 13 — Calculated Pressure vs. Enthalpy for DOWTHERM A Fluid
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ENGINEERING DATA

Nomenclature and Symbols

C

P
.

C,

W

A (delta)

A

A (lambda)
i (mu)

t

p (rho)

Subscripts:
Specific Hear {Constant Pressure) ..., Bru/(lb - °F) f film
Specific Heat (Constant Volume) oo Bruf(lb .°F) [ inside
D AIMEEET coiiieiieeis s e s et s e s s s seee e eaaas inch 0 outside
L M EET 1t a e e e en e e e et e et fi w wall
Mass VeloCity oo Ib/(hr - Ft)
Mass Velocity oo, Ibf(sec - ft*)
Average Film Coefficient ..o ooeeeoeoeenn Bruf({hr- ft'.°F)
Thermal Conductivity wooeeeeveeeeeeeeeeeeeeve Bru/(hr - f*)(°Ffft)
HEAt Flow .vveececceec et oo, Brufhr
Flutd Veloeity v, frfsec
Condensation per Tube ..o, Ibfhr
Difference
True or Effective Temperature Difference cviceeeinennnn, “F
LAtent HEAt oo Bru/lb
Viscosity = (cps X 242} oot Ibf/(hr- ft)
EIETUSIEY teireiirnnrrrnrrrresrreese et ceie e ee e s e es s e ee s Ib/ft

Figure 14 — Liquid Film Coefficient for DOWTHERM A Fluid
Inside Pipes and Tubes (Turbulent Flow Only)
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Average Film Coefficient, h,

Figure 15— Condensation Film Coefficients for DOWTHERM A Fluid

QOutside Horizontal Pipes or Tubes
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Figure 16 — Condensation Film Coefficients for DOWTHERM A Fluid

Outside Vertical Pipes or Tibes
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Figure 19— Pressure Drop vs. Flow Rate of DOWTHERM A Liquid

in Tubes
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Figure 20 — Pressure Drop vs. Flow Rate for Vapors of DOWTHERM A Fluid

in Schedule 40 Nominal Pipe
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DOWTHERM*A y
Heat Transfer Fluid

Product Technical Data

THE DOW CHEMICAL COMPANY MIDLAND, MICHIGAN 48674
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NOTICE: Dow believes the informalion and recommendations contained herein Io be accurate and reliable as of January, 1391. However. since any assistance furnizhed
by Dow with reference 1o the proper use and disposal of ils products is provided without charge, and since use conditions and disposal are not within its control, Dow assumes
no obligation or liabilkity for such assistance and doos not guarantes results from use of such products or other information contained herein. No warranty, express of implied,
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