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57 ABSTRACT 
A hot atmosphere particulate sampler comprised of a 
heated sample box having a separator and filter, a 
sample probe, a remotely mounted condenser box and 
a heated vacuum tube for maintaining the temperature 
of a particulate sample during flow from the sample 
box to the condenser box. The heated vacuum is 
housed in an insulated, flexible umbilical cord, which 
also houses electrical, thermocouple and pitot tube 
leads. The temperature of the particulate sample is 
kept above dew-point during flow to a condenser box 
containing impinger bottles in a cooling ice and water 
bath. The system is operated by a control console 
which provides electrical power to the heaters and 
thermocouples and a vacuum to the impinger bottles 
of the condenser box. 

6 Claims, 2 Drawing Figures 
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HOT ATMOSPHERE PARTICULATE SAMPLER 

BACKGROUND OF THE INVENTION 

This invention relates generally to a hot atmosphere 
particulate sampler, and more specifically to a hot at 
mosphere sampler for use in areas having high ambient 
temperatures. 
This invention was conceived to provide source emis 

sion tests with the capability of using Environmental 
Protection Agency (EPA) recommended particulate 
sampling trains in locations where the ambient temper 
atures are above 100°F, such as found in ship testing 
and in some stationary testing. The EPA particulate 
sampling train consists of a probe, a sample box, and a 
control console. The probe removes particulates from 
the flow being sampled and delivers them to the sample 
box which consists of a separator, filter and impinger 
bottles held in an ice bath. The difficulties associated 
with the use of the EPA sampling train are due to the 
sample box. It is heavy and cumbersome and requires 
delicate handling due to the glass impinger bottles. 
Also, the ice bath for the impingers is impossible to 
maintain where ambient temperatures are above 
00F. This heat problem has occurred repeatedly dur 

ing emission sampling on ships, and occasionally in 
Steam power plants. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to overcome 
the major shortcomings of the present, commercially 
available EPA recommended particulate sampling 
trains. This invention reduces the size and weight of the 
sample box and makes the sample box more rugged. It 
also alleviates the difficulty of maintaining the ice bath 
for the impingers in areas where the ambient tempera 
tures are above 100°F. The invention allows the glass 
impinger bottles to be positioned well away from the 
heat of the stack and assures complete moisture re 
moval from the sampled gas obtained. 
A sample probe delivers a particulate sample to an 

insulated sample box containing a separator and a fil 
ter. The temperature in the sample box is maintained 
by a heater and thermostat. A condenser box contain 
ing a plurality of glass impinger bottles in an ice bath 
is positioned well away from the heat of the stack and 
is connected to the sample box by a vacuum hose which 
is heated for substantially its entire length to maintain 
the temperature of the particulate sample well above 
dew point. The heated vacuum hose is enclosed in an 
umbilical cord which also houses electrical and pitot 
tube leads. 

OJBECTS OF THE INVENTION 

It is one object of the present invention to provide a 
hot atmosphere particulate sampler for use in areas 
where the ambient temperatures are above 100°F. 
Another object of the present invention is to provide 

a hot atmosphere particulate sampler in which the con 
denser box lan be positioned remotely from the heat of 
the stack. 
Yet another object of the present invention is to pro 

vide a hot atmosphere particulate sampler which per 
mits reduction of the size and weight of the sample box 
and makes the sample box more rugged. 
Yet another object of the present invention is to pro 

vide a hot atmosphere particulate sampler which as 
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Sures complete moisture removal from the sampled gas 
obtained. 
Yet another object of the present invention is to pro 

vide a hot atmosphere particulate sampler in which the 
condenser box can be remotely positioned so that the 
ice bath for the impinger bottles can be readily main 
tained. 
Other objects, advantages and novel features of the 

present invention will become apparent from the fol 
lowing detailed description of the invention when con 
sidered in conjunction with the accompanying draw 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram of the complete hot atmosphere 

particulate sampler of the invention in somewhat sche 
matic form. 
FIG. 2 is a sectional view illustrating the umbilical 

cord of the hot atmosphere particulate sampler. 
DETALED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring now to FIG. 1, there is shown a hot atmo 
sphere particulate sampler system similar to that rec 
ommended by EPA. The system has three major com 
ponents which comprise a sample box 10, a condenser 
box 12, and a control console 14. Particulate samples 
are delivered to the sample box. 10 by a probe 16, 
which removes the particulates from the flow being 
sampled. The particulate sample is delivered to the 
condenser box 12 by umbilical cord 18. 
The sample box. 10 is an insulated container which is 

heated by an electrical heater 20 controlled by thermo 
stat 22. Mounted in the sample box 10 is a cyclone sep 
arator 24 and a filter holder 26 for mounting a glass fil 
ter disc. The cyclone separator 24 should be capable of 
removing particles larger than 5 microns, and the glass 
fiber filter disc in the filter holder 26 should be capable 
of removing particles larger than approximately 3/10 of 
a micron. The cyclone separator 24 is connected to the 
probe which collects the particulate sample. 
Sample box 10 is connected to the condenser box 12 

and control console 14 by an umbilical cord 18 com 
posed of up to 100 feet of tubing and electrical conduc 
tors. A vacuum tube 44, housed in the umbilical cord 
18, delivers the particulate samples to a plurality of im 
pinger bottles 30 (usually four) which in turn are con 
nected by vacuum line 32 to a pump (not shown) in 
control console 14. The umbilical cord 18 permits posi 
tioning of condenser box 12 well away from the heat of 
the stack, thus permitting the ice bath for impinger bot 
tles 30 to be more readily maintained. The umbilical 
cord 18, which will be more fully discussed below, also 
provides electrical connections from control console 
14 to sample box 24, thus also permitting it to be posi 
tioned away from the heat of the stack. 

Pitot tubes 34 and thermocouple 36 sense flow rate 
and temperature of the stack, respectively, and provide 
the operator of control console 4 with information 
permitting him to adjust the sampling rate. Thermo 
couple leads 38 and pitot tube leads 40 connect the 
thermocouple 36 and pitot tubes 34, respectively, to 
the control console 14 via the umbilical cable 18. 
The construction of umbilical cord 18 for providing 

electrical, vacuum and pitot tube connection is shown 
in detail in FIG. 2. Umbilical cord 18 is constructed of 
a flexible outer material, such as rubber, with thermo 
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couple leads 38, pitot tube leads 40, electrical power 
connector 42 and vacuum tube 44 passing through the 
cord and insulated from each other by a suitable insu 
lating material 46. An important feature of the inven 
tion is the heating of vacuum tube 40 by electrical wires 
48 surrounding the vacuum tube 44. Power is supplied 
to electrical heating wires 48 by electrical power con 
ductor or cord 42. Electrical cord 42 also supplies 
power to the heater 20, housed in the insulated sample 
box. 10. The heated vacuum tube 44 is connected to 
sample box. 10 and condenser box 12 by quick discon 
nects 50 and 52. The electrical heating wires 48 are 
made from nickel-chromium alloy (Nichrome), com 
monly used in electrical heating devices. 
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The condenser box 12 is comprised of a plurality of 15 
impinger bottles 30, in this case four, supported in an 
ice-water bath in the usual manner. The impinger bot 
tles 30 are connected at one end to vacuum line 44 by 
quick disconnect 52 to receive the particulate sample. 
The opposite end of the impinger bottles are connected 
to the vacuum pump (not shown) in the control con 
sole 14 by vacuum line 32. The condenser box 12 is po 
sitioned a sufficient distance from the flow being sam 
ples to prevent the heat of the stack from interfering 
with the ice-water bath. This separation of the con 
denser box 12, containing the delicate impinger bottles 
30, from the sample box. 10, permits greater flexibility 
in particulate sampling and also reduces the size and 
weight of the sample box, making the sample box more 
rugged. 

In operation, the user observes the temperature and 
flow rate of the hot atmosphere sensed by thermo 
couple 36 and pitot tubes 34, and adjusts the sampling 
rate of sample probe 16. The temperature in the sample 
box 10 is controlled by adjusting heater 20 and the tem 
perature in the vacuum tube 44 of the umbilical cord 
18 is also controlled by adjusting the heat supplied by 
electrical heating wires 48. In this manner, complete 
moisture removal from the sample gas is obtained dur 
ing its flow from the sampling probe 16 through the 
sample box 10 to the condenser box 16 and impinger 
bottles 30. This arrangement permits the hot atmo 
sphere particulate sampler of this system to meet EPA 
recommended particulate sampling trains in locations 
where the ambient temperatures are above 100F. 
Obviously many modifications and variations of the 

present invention are possible in light of the above 
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teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 

I claim: 
1. A hot atmosphere particulate sampler comprising: 
a. an insulated box; 
b. means for heating the interior of said insulated 
box; 

c. a separator mounted in said insulated box for re 
ceiving the particulate sample; 

d. a filter mounted in said insulated box and con 
nected to receive the particulate sample from the 
separator; 

e. a condenser box having impinger bottles in a cool 
ing bath remotely mounted away from said insu 
lated box; 

f. means remotely connecting the flow of the particu 
late sample, from the filter to the condenser box; 
and 

g. means for heating the remotely connecting means 
to maintain the particulate sample above a prede 
termined temperature during its flow from the filter 
to the condenser box. 

2. The particulate sampler according to claim 1 
wherein said remotely connecting means comprises: 

a flexible umbilical cord containing a heated vacuum 
hose. 

3. The particulate sampler according to claim 2 
wherein said means for heating the remotely connect 
ing means comprises: 
a heated nickel-chromium wire surrounding the vac 
uum hose. 

4. The particulate sampler according to claim 3 
wherein the vacuum hose is heated to maintain the par 
ticulate sample above the dew point temperature. 

5. The particulate sampler according to claim 4 
wherein said separator is a cyclone separator capable 
of removing particles larger than 5 microns. 

6. The particulate sampler according to claim 5 
wherein said umbilical cord includes: 

a. electrical leads for energizing the means for heat 
ing the insulated box; 

b. thermocouple leads for controlling the tempera 
ture in the insulated box; and 

c. pitot tube leads. 
k k ck k : 


