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CARL C. THOMAS, OF ITHAGA, NEW YORK.

STEAM-CALORIMETER.

No 888,810,

Specification of Letters Patent.
Application filed September 29, 1906. Serial No. 336,756.

- Patented Sept. 15, 1908.

To all whom it. may concern: -

Be it known that I, CarL C. THoMAS, &

citizen of the United States. residing at Ith-
aca,in the county of Tompkins and State of
New York, have invented certain new and
useful Improvements in Steam-Calornmeteérs;
and I do hereby declare the following to be a
full, clear, and exact description of the same,
such as will enable others skilled in the art
to which 1t appertains to make and use the
same. -_

My invention relates to improvements in
steam calorimeters, and comprises means
whereby ihe proportion of moisture present
in steam at any given instant may be deter-
mined readily. - |

My improved calorimeter 1s adapted for
the same uses as ordinary zteam ecalorime-
ters, but 1s particularly intended for analyz-
ing the performance of steam turbines, for

which use ordinary steam calorimeters are

not well adapted and for which use there has
not heretofore beer. any suitable instrument.

though initially superheated, has not such
degree of superhieat that 1t does not become

~ wet during s passage through the machine,

-30

the moisture present in the steam-at any par-

ticular point in the turbine bears a direet-

ratio to the amount of work done by the

~-gteam in the turbine up to that point.. If

39

40

45

- performance of a reciprocating steam engine |

the steam supplied to the turbine be eitner
moist or superheated; a suitable correction
mav be required., but such eorrection 1s
easily made. By determining the quality of
the steam (which is the term used by en-
gineers- in referring’ to the percentage of
moisture carried bv steam) at a number of
different points in the turbine, and plotting
the results thus obialned, an accurate 1mndi-
cation of the performance of the turbine is

obtained. In fact, by so using a calorime-

ter, the performance of the turbine may be
investigated and analyzed as readily as tie

~ may be investigated and analyzed by means

o0

20

of a steam engine indicator. .

The calorinieter herein illustrated and de-
scribed is designed to be attached succes-
sively at different points along the sasing of &
steam turbine while the said turiane is run-
ning under substantially constant conditions,

and to draw off samples of steam from such |

turbine at the varicas points at which it is

connected, and to show the quality of tha

;
!
!

|

L

|

‘but unsuperheated steam, or steam which, {

.

ﬂ

reference to previous readings.

- UNITED STATES PATENT OFFICE.

steam of each such sample. To indicate the -

quality of the steam of such samples I adopt
the expedient of heating the stcam

the moisture and determining the amount of
heat required (n proportion to the rate of
passage of the stcanm through the calorime-
ter) to bring the steam to absolute dryness.

to remove

G0 -

This I do preferably by means of an electric -

current passing through resistance coils past

65

which the steam is caused to flow. By de-

termining the rate of flew of the steam
thmu_g—h: the calonmeter (very simple means

for doing this with great accuracy will be de-

scribed hereafter) and by meesuring the

amount of eleetrical ener%y absorbed in
bringing this steam to abso

indicating ammeter or watt meter and a
thermometer to indicate rise of temperature
of steam above that of unsuperheated steam

ute dryness (an '

75
at corresponding pressure will show this) the

observer obtains readily the percentage of

moisture in the samvle of steam tested.

_ It will be scen that a calorimeter operated |
In steam turbines to which 1s sunplied dry 1 on this principle gives continuous readings,

tne steam tested at the particular instunt the
reading is taken may be determined without
Further-
of the instrument is not

more, the 'accuruc{
e mechanical removsal of

depenuent upon t

. 80 -
and from each set of readings the quality of -

30

all traces of moisture from the sainple of

steam tested (a matter of %reat difiiculty) or
uponr observation of weight of steam con-
densed, (a somewheat rough and slow method

ivin
gkilf 15 and experienced observers and re-
guinag bulky apipamtus).
termination of the temperature of steam by
means of accurate or accurately calibrated

thermomeiers or equivalent temperature-

accurate results only i the hands of

The accurate de-

09 .

measuring instruments, is a very simple mat-

ter; and the temperature of saturated steam
for different pressures having already been
accurately determined and being shown in

various published steam tables, the shightest

100

rise of temperature of the steam tested above -

that of saturated steam at corresponding

presstre, as shown by steam tables, indicates

that the steam tested has been completely
dried and. superheated to the extent of the

excess of the thermometer reading over the
temperature of saturated steam at the corre-
sponding pressure. ..

Owing to the great facility with which the
flow-of electnic current through the heating

-coils of the instrument may be regulated.
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sueh degree of superheat i the instrument | thermometer and for the attachment of a

ordinarily be neghgible.  But if desived, cor-
rection for such superheat may be made

substantially the same at all times, and Willt

readily, as will be obvious to those skilled m
the art. | | |
My mvention consists in a ecalormmeter

~ecomprising means for heating the steam

10

tested to dryness, and for observing the

~amount of heat required ior such purpose;

30

39

tached thereto.

410

- seribed and particularly pointed out in the

i the general constraetion of the instrument;
and generalls in thie features heveinafter de-
claims. o |
The objects of my 1nvention are to analyze
the performance oif steam turbines; to mm-
prove and sumplifv steam calorumeters; to
mike the calorimeter adaptable for any class

of work for which steam ecalorimeters are

commonly used; to provide a calorimeter

adaptable to the determination of the qual-

ity of steam in differcnt portions of a steam
turbme; and to make the instrument simple,
colmpact, sccurate and reliable. '

I will now proceed to deseribe my mven-
tion with reference to the accompanying

‘drageings, m which one forin of ealorimeter

eniheodying my invention is illustrated, and
xill then point out the novel features in
clatms, o | o
In the said drawings: Figure 1 shows a
longitudmal vertical section of my improved
celorimieter on the irregular line z—ur of Fig.
2, a portion of a turbine being also indicated
diagrammatically with the culorimeter at-
Iig. 2 shows a top view of:
the calormmieter and indicates particularly

the loeation of the discharge and pressure

gage connections, and the circuit terminals.
F1g. 3 shows a transvevse horizontal section
through the heating chamber of the ealo-
rineter, and indicates meuans which may be
employed for causing the stream to pass in
close proximity to the heating coils. ~ Fig. 4
1s a diagrampatic view illustrating myv said

calorimeter attached to & turbiue (the latter

GU

indicated dingranmaticallv) with pressure
gage and clectrieal connections.  Fig. 5is a
view similar to Kig. 1, illustrating an alter-
native construction of my improved calo-
rimeter. . - B

Referring now to the accompanying draw-
ings and at first to Figs. 1-3 inclusive, 1 des-
ignates the casing of the turbine, 2 a portion
of the rotor of such turbine, and 3, 3and 4, 4

5 designates the said calorumeter. 1t com-
prizes a hollow casing arranged to be con-
neeted to an orifice in the easing of the tur-
‘bime by a threaded niyp]v 6, provided with a

&

sampling tube 62, The top of this casing is

closed by a head 7 provided with etre..l: ter-
minals and with a passage for the ouiilow of

blides of the easing and rotor respectively.

65 the steam, and with means for admitting a

i
|

cap and the lower end of saud cyvlinder 8

should alwaws be very slight, and should be | steain gage, all as hereinafter described.

Withm the casing of the ealorimeter is a

adapted to withstand the temperature of the

steam (soapstone is one material suitable for

the purpose) having within it a series of lon-

aitudinal perforations 9 extending from end

to end and containing the resistance heating
colls 11, These coils are electrieally con-
nected to each other and as a whole are con-

eviinder 8 of electrical insulating material

70

79

neeted to eirewit terminals 12 and 13 carried

by the head 7. The eylinder 8 has a central
bore 14 extending {rom one end to the other,
the upper portion of said bore enlarced and
serew-threaded to serew over the end of a
depending neck 15 forming a part of the head
7 of the calorimeter casing; whereby the said
cyvlinder is supported. At its lower end said
cylinder 8 carries a cap 16 serewing upon the
lower end of said eylinder, and between said

there are a number of screens or diaphragims
of wire gauze or the like 17, and a perforated
plate 18 forming a backing therefor. Lugs

)

&80

85

g0

19 projecting from the sides of the casing of

the calorimeter steady the cylinder 8 at its
lower end; and between said lugs the steam
passes upward around the cylinder 8 to the
upper end thereof, and thence through tlie
passages 9 In said eylinder to the lower end
thereof and through the plate 18 and sereens
17 and the mternal bore 14 of thie exlinder §,
up through the internal bore 20 of the head 7
0} the calorimeter, and out through dis-

charge passage 21. Al the end of said di

charge 1}assage 21 Iprovide apl: havingin

it a calibrated orifice 22, and i:evond said
plate there 1s a discharge chamoer 23 leading
to a conaenser or to the atmosphere or to any
other smitable discharge. A pressure gage
24 connected to the calorimeter at 25 serves
to show the pressure at which the steamn is
discharged {from the calorimeter. By means
of tnis steam gage 24 and ealibrated orifice
22 the rate of tlow of steam through the cal-
orimeter may be .determined instantly and
with great accuracy; since the rate of flow of
dry steam through a small orifice at constant
pressure is very uniform. Chamber 23 s
provided with a connection 232 {or the at-
tachment of a pressure or vacuum gage, mer-
cury column, or the hike.

26 designates a long thermometer ecup in-
serted through a stufling box 27 at the top of

the head 7, and projecting downward nearly
to the bottom ua the exvhnder 6. By means
of & sensitive thermometer 28 (Fig. 4) placed
m such a tube, it is possible to measure with

great accuracy the temperature of the siecam.

passing through the calorimeter.  As will be

readily understeod, the temperature of un-

superheated steam is. independent of the
amount of moisture carried by it, and for the
same pressure is alwavs the same.  The pub-

95
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lished steam tebles givg-' the témperature of | pressure of steam entering the caiorimeter
unsuperheated steam through a wide range | as accurately as, and perhaps more accu-
of pressures. The temperature of steam can- | rately than, the pressure gage 24, and 1s

" not rise above that corresponaing to the vres-

sure existing at the moment, until the mois-
ture suspended in the steam shall have been

evaporated and the stéam is absolutely dry. | which the current
A slight indieation in & thermometer placed

within thermometer cup 26 of a temperature
sbove that of saturated steam of the pres-
sure of the steam in the calorimeter, shows
that all suspended moisture in the steam has

been evaporated and that superheat of the

l

steam has commenced. Instead of usin

pressure gage 24, or as a check thereon,

may provide a thermometer cup:37 (¥ig. 4),
exposed to the steam as it enters the calo-
A thermometer placed in this cup
will. show the temperature of the entering
steam, and from this the steam pressure may

- be obtained by referring to steam tables.

In Fig. 5 I illustrate an alternative con-
struction of calorimeter, in general similar to
that shown in Fig. 1, except in the detalls of
construction and. arrangements hereinafter
mentioned. The soapstone cylinder 8 1s
provided with a shoulder 31 resting upon a
corresponding shoulder of the outer casing
5 of the calormmeter. - Outside this shoulder
31 is placed packing material 32, and s
gland 33 screwing into the casing 5, com-
presses such packing material. In thisTorm
of calorimeter, the steam passes upward
through the passages 9 containing the heat-
ing coils 11, into the chamber 34 above said
soapstone cylinder, and thence passes down
through the central bore 14 of this eyhnder.
Within said bore, but supported from the
top 7 of the calorimeter, there is a tube 35,
open at the lower end; and around the
lower portion of this tube 35 are wrappings
The steam passes down
through the annular space surrounding this
tube 35, and through the gauze 36, whereby

said stearn-is thoroughly distributed, and

1

‘ |

]

thence passes up through the inside of tube |

35, in the snnular space between the inner
wall of said tube and the thermometer cup
26, thence passing out through discharge
chamber23. |, |
" The form of calorimeter illustrated in Fig.
5 is preferable to that shown in Fig.-1, 1n
that it is somewhat easier and simpler to
construct. | | N
Sometimes, instead of employing pressure
gage 24 to show that pressure at which the
steam passes through the calorimeter, or as

I

g check upon the pressure gage, I provide a

thermometer cup 37 connecting so as to re-

perature as the steam entering the calorime-
ter, and in this cup place a thermometer 38.
It being always possible to determine the
pressure of unsuperheated steam, from Its
temperature, the thermometer

furthermore a lighter and more compact
piece of apparatus. o
In Fig. 4, 29 designates an instrument by
ﬁowing through the coils
of the calorimeter at
measured. - ..
In using this calorimeter In testing a
steam turbine, the calorimeter is connected
successively at different points along the
path of steam through the turbine, one such
point being preferably before the steam en-
counters the blades, and another after it has
passed the last blades of the turbine, the
other points being intermediate these two.

any instant may be

79

75

30

In turbines of the Parsons type, for example,
the ecalorimeter will customarily be corn-

nected successively to passages conneecting
the several rows or sets of casing blades.
The quality of the steam withdrawn through
the calorimeter at each such point of con-
nection being determined, &nd the results
plotted, a curve is obtained showing the
quality of the steam at each point of 1ts pas-
sage through the turbine and thus the rela-
tive work done by the steam in each portion
of the turbine is indicated. In determimng
the quality of the steam, the steam tested
flows through the inlet 6 of the calorimeter,
around the cylinder 8, and thence through
the passages-9 in said cylinder, over ‘the
heating coils 11 therein, to the central pas-
sage 14 (around the thermometer ‘cup 26)
and thence through the calibrated onfice 22
outward. Eléctric currentis.passed through
the coils 11 in guantity sufficient to impart
heat to the steam and as soon as 1t 1s known

that the parts of the calorimeter are at the,

temperature of steam and therefore are not
causing condensation, the flow of current 1s
carefuﬁj,f regulated so that any slight in-
crease of current flow will raise the temper-
ature of the steam, as indicated by the tg.z -
mometer cup 26, akove the temperature of
unsuperheated stéam at the pressure shown
on the pressure. gage.
rent thus requited to drive the steam being

known, and the rate of passage of steam pass-

L e

ceive steam at the same pressure and tem-

ing through the calibrated orifice 22 being
known, it becomes a simnple matter to calcu-
late the number of heat units required to dry
any convenient unit of steam and thence to

defermine the amount of moisture in the

steam.- - ~ . -

The sampling tubc 6* will be of a shape,
construction etc., -adapting it to take a fair
sample of the entering steamn. The use of
sampling tubes in connection with steam
calorimeters is well understood, and 1 have
not attempted to illustrate any particular
construction of such tube. - |
 In order to insure passage of the steam 1n

The amouat of cur-

89
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38 shows the | close proximity to the heating coils, 1 some- 150
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4. T a:steam calorimeter, the combina-

30 shown in Fie. 3, i the sieam passages 9 | tion with a chamber adapted to permit the

~eontaining the heating eoils 11, Thesefillmg
pieces fill the central portions of the nassages

5 O, foreing the steam to pass direetly over the
heating coils.  The {illing pieces may be sup-
ported in any convenient manner; for ex-
ample, their ends may rest upon the plate 18,
While it is not new, broadly, to cetermine

10 the quality of steam by heating the same to

dryness and determining the quantity of heat,
required to do so, apparatus for the purpose
so stnple, compact and seli~contained and

portable as that herein illustrated and de-

15 seribed have not been used before, to my

flow of steam {herethrough, of an eclectrical

heating coil in said chamber in the direet

65

path of the steam, means for measuring the

energy used, and means for measuring the *

rate of flow of steam through said chamber.

- 5..In a steam calorimeter, the combina-
tion with a chamber adapted to permil the

flow of steam therethrough, of au electrical
heating coil in said chamber, mmesns for meas-
uring the rate of flow of steam through said

chamber, 2nd means for measuring the flow

of current through szid coil.
6. In a steam calowmnueter, the combina-

:

knowledge; nor have electrical resistance i tion of a chamber adapted to permit the flow
of steam therethrough, a support of msulat- -

ing material within said chamber, and an

“electrical resisiance coil on said support, said

coils been emploved before in such calornm-
cters to dry the steam, to my knowledge.
By means of these resistance coils, it 1s possi-

20 ble to regulate the heating of the steam with

areat nicety and to determine accurately the
amount of heat imparted to the steam; forit
is an easy matter to measure accurately the
electrical energv converted i:to heat in the

25 instrument, the instrument employed for the

purpose (an amieter or wattmeter) being

its nature canable of great accuracy. The
calorimeter constructed as shown i1s substan-

30 tialiv free from features which ave apt tolead

support having means for distributing the
stearn and for passing all "mrts of same in
close proximity to said coi

coil. |

gk

L
&1

A , and means for .
measuring the flow of current through sad

7. In a steam ealorimeter, the combina-
90

tion of a chamber adapted for the flow of

materiai therein having passages there--

through for the flow of steam, and resistance
heating coils in said passages i ihe direct

i
very portable and easily read, and being in‘ steam therethrough, a body of insuiating

to errors, uncertainty or inaccuracy in re-
sults. =~ . ) .

When in operation the exterior of the cal-
orimeter will be covered, lagged, or other-

35 wise protected from heat radiation as is cus-

tomary- with such mstruments. |
-~ Wlhale 1 have shown the calornmeter at-
tached directly to the turbine, it w’il be

understood that it mav be attached by
10 means of suitable and convenient piyes,
“valves, ete., such as are cennnonly used In

connecting  calorimeters to the souree ol

supply of steam to be tested. I

Instead of coils of resistance wire, any

15 other suitable resistance material may be

used in the calorimeter,

- What 1 claim 1s:— - o

1. A steam calorimeter adapted to permit

the flow of steam therethrough, and com-

50 prising electrieal heating means, and elee-

tricallv-operated measuring means for meas-
“uriny the energy used. : |

20 A steamn ealorimeter adapted to permit

. the flow of steam therethwough, amd eom-

operated measuring means for measuring the
energy used, and means fop measuring the
rate of flow of steam through the calorimeter.

3. In a steam calornneter, the combma-

69 tion with a chamber adapted to permit the

flow of steam therethrough, of an electrical
heating coil insaid chanmber in the direct path

of the steam, and means for measuring the

energy used.

L

r HWW _ﬂdm-

55 prising electrical heating means, electrically-

path of the steam.

|

tion of a chamber adapted for the flow of

steam therethrough, a body of insulating ma-.
terial therein suspended front one end, where -
by expansion of said chamber relative to said
body of insulating material 1s permitted, and
heating coils carried thereby. | |
9. In » steam calorimeter, the combina-
tion of o chamber adapted for the flow of
steam therethrough, and means within said
chamber comprising a passage for the flow of
steanm and a heatirg coil in saud passage in the
direct path of the steam. '
10. |
tion of a chamber adapted for the flow of
steam therethrou:zh, means therem, having o
paassge for the-flow of steam, and a heating
coll in said passage, m the direet path of the
steam passing through such passage.

il. Ll a steam calorimeter, the combima-
tion of a chamber adapted to permit the tlow

L 8. In a steam ealorimeter, the combiia-

in the direct path of the steam, temperature-
determming means and steam-distributing
means interposed m the path of the same be-

» ropm-

ternuning neans.

e e s 0 T WE BRI T

of steam therethrouch, means therein pro-
vided with a passage Tor the flow of stean
and with a heating coil in said passage, means
for determmation of temperature of ihe

H‘ﬂ-"'"'-' e

100

105

n a steam calornimeter, the combina-

110

115

of steam therethrough, a heating coil therein,

tween said heatine coil and temperature-de-.

12. In a steam cqlorimeier, the combina-
tion of a chamber :wdapted to permit the flow

Yt

- D
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~ vided with a passage for the flow of steam

- mometer ecun

‘temperaiure determining means and said

‘tion of & chamber adapted to permlt the flow

- tion of a chamber ada{:ted to p
of steam tiierethrougt

88610 O

steam, angd. steam dhthbutmg means mter— l said tube iﬁr dct{,rmmwgt ¢ temperature of
pu:;ed in the path of the steam between said | the steam.

19. In a steam calm'imt,ter ‘the combina-
coil.

13. In n steam ca.lonmetc.r the Gﬁmblll‘i-

tion of a chamber adapted to permlt the flow

within said chamber havmﬂ' holes for the low
of steam therethrough, means therein pro-

of steam and heating coils therein and having

am)ther h(‘rlL therein for the return flow of the
and with a heating coil in seid passage, means | steam, e therein leading to the dis-

for determination 'of the temperature of the cLar:m f)f ﬁa |
steam, apd foranmihbus metal interposed be-

tween S’ﬁ.d Cﬁll 3]1(1 temperature determmln”'
ineans.- |

14. Io o steam c&lonmeter the combma—

permittmg determination of the temperature
 of the steam, and distributing means for dis-
tmbutmﬂ the steam prior to contact with said
tamper&ture determining means.

20. In a steam calorimeter, the combina-
tion of & chamber adapted to ])emht the flow
of steam thierethrough, a perforate support
within said chamber having a steam passage,
and a heating cail therein, and having also
another passage, a tube within szid thter

of steam therethrough, mezns therem pro- i
ipwsaﬂe foraminous material surrounding
;
|

vided with a passage for the flow of steam and

ith a Leatm%) coll In said passage, a ther-

eyond said heating (3011 and
steam dlbtrﬂmtmg means between said cup
and said heating coil. -

15. In & steam calorimeter, ‘the combina-
tion of a chamber adapted to mrmzt the flow
of steam therethrough, and a body of insu-
lating material therein prowded with elec-.
trical heating coils and with a tiermometer
cup.

15. In & steam calonmeter the combina-

tion of a chamber adapted to permlt the flow
of steam therethrough, a perforate support
within said chamber ]mvmg a steam passage,

ermit the flow | another pubsage i tube within said fatter
a body of insulatin

passige, foraminous material surroundin
material therein pmwded with clectrica

stid tubsw, and a thermometer cup within sai

heating cotls, & thermometer cup, and steam t:ube

35 tion of a chamber adapted to ]]EI'mlt the flow

40

|
within said chamber hm’mfr holes for the |

45 having another hole therein for the refurn

aistr 1butmt‘r means surrounding said eug D

17. In a steam calorimeter, the combina- : flon of a chamber adapted for the flow of

steair therethrough, a body of insulating ma-
terial therein lmvmﬂ' a passage for the flow of

! stearn, a heatipg e ¢oil in such passage, and-a

of steam therethrougi, a body of insulating
material therem prowdt,d with clectrical
heating coils, a thermometer cep, and forami-

nous metal :-,uuoumlmgsmd cup., | the steam to pass in close. proumity to said
18. In a steam ealorimmeter, the combina- | coil.

tion of a chamber ada{)ted to permif the tlow +In testmmny whereof 1 affix my signature,
of steani therethrough, a perforate suppori | in the presence of two witnesses.

- flow of steam and heating coils therein and CARL C. THOI\L \S.

. Witnesses:

DexrER S. KIMBALL
ArzerT W. SMITH.

flow of the steam, a tube therein leading to
the discharge of said chamber and means in |

tion of a chamber adapted to permat the {flow
of steam therethrough, a perforate support

and a heating coil therein, and havin also 75

In a steam calnnmetnr the combma—

iy |

-39

‘%hamber means 1n said tube

60

6O

said tube, and means within smd tube for de-
termunation of the temperature of said steam.

21. In a steam calorimeter, the combina-

83

fitling piece 1n such passage arranget to cause 85
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