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INTRODUCTION 

This thesis deals with some tests on an sutomatic radiator 

valve that is menufactured by the Fulton Sylphon Company of Knox- 

ville, Tennessee, The details of design and manufacture are not 

dealt with at all. Other valves made by various companies could 

well be given the same tests regardless of the interior details. 

Since only one valve was used no effort was made to compare it 

with others based on the same theory of operation. The whole pur- 

pose was to investigate and devise tests that would prove or dis- 

prove the suitability of the valve for the purpose for which it 

is made. 

The writer scknowledges the help given him by the Fulton Syl- 

phon Company. The experimental department had a large amount of ap- 

paratus already assembled. Their permission to use this saved the 

writer much time that would have been consumed in setting up the 

various devises. Nr. Barnes of this seme department rendered some 

valuable advice before the start of the tests. He was instrumen- 

tal in obtaining the use of the above mentioned equipment. 



GENERAL THEORY 

An automatic radiator valve is designed to be placed on the 

radiator, connecting it with the steam riser, In this position 

it is supposed to control the flow of steam into the rsdistor in 

such & way that the temperature of the air for a distance of sever- 

&l feet from the valve is held constant. This control is main- 

tained as follows: 

The valve may contain &s an integral part a spring, a bellows 

containing a liquid which vaporizes at low temperature, or some oth- 

er expanding device, This device is connected to the valve stem in 

such & way that the expansion closes the valve. Now high tempera- 

tures cause the valve to he closed and low temperatures tend to o- 

pen it. OConseouently, a cold room opens the valve and permits 

more steam to flow into the radiator. This sdditional steam warms 

the room, causing the valve to close before too much steem is sdmit- 

ted to the radiator, Thus it can be seen that if the valve is made 

end adjusted properly it should prevent a very great change of tem- 

perature within the room. 

The valve may be given three kinds of tests, namely: control 

tests, steam flow tests, and tests for sensitivity or valve open- 

ing, The first two mentioned are most important. 

The whole idea of the valve is temperature control, The con- 

trol tests should show just how near constant temperature a room 

may be kept by use of the valve, 4 recording thermometer in the 

room should give sufficient data for this, 
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The steam flow test is not so simple as the first mentioned 

one, It may be desired to know whether or not the valve will 

pess enough steam to supply the required amount of rediation. It 

may be desired to know what steam pressure will be required to 

supply steam for a certain amount of radistion. If the valve be 

kept at a constant temperature, and steam passed through it at 

different pressures and the condensate weighed each time, a cer- 

tain amount of flow will be determined for each pressure, If now 

the same procedure be followed for two other temperatures there 

will be three flows for each pressure, The results can be repre- 

sented by sepsrate curves for each pressure, plotted with tempera- 

ture against flow per hour, Remembering that one pound of steam 

is equivalent to four square feet of radiation there is suffient 

date for determining the desired informstion. 

The sensitivity test is not so important but may be inter- 

esting. It may be desired to know just how much the valve opens 

per degree rise in temperature or st what temperature the valve 

is completly closed. If it requires too much of a temperature 

change to open or close the valve the control will not be good. 

0f course the control test itself is the best test of operation 

that cen be given; but the sensitivity may interest the designer, 

If the valve has its temperature grsduslly raised as stesm is sl- 

lowed to pase through it, a point will be reached finally where 

no steam will flow, f course the valve is closed at that corre- 

sponding temperature, If a dial gage or some other device sim- 

ilar to an extensometer be connected between the frame and valve 

stem it will show the amount of opening at any particular tem- 

perature difference, The dial gage resdings mey be plotted a- 

gainst temperstures to give & curve that will show where closing 



begins &s well &s the valve movement per degree, 



GENERAL SURVEY CF THE FIELD 

The Fulton Sylphon Company has run steam flow and control 

tests on one of their ¥ automatic valves. They have also tes- 

ted the bellows of the valve for fatigue, But this fatigue test 

isn't directly related to the operation of the valve. They had 

no data on the relation of temperature to valve opening. 

The Direct Control Valve Company &t Chicago, Illinois, per- 

mitted their valve to be tested by the Committee of Architects 

and Engineers, The committee sought to determine the compari- 

tive steam saving and efficiency in the heating of & building bhe- 

tween Direct Control Valve System, & hand controlled system, and 

a pneumatic controlled svdten. The tests were sll ccnducted on 

commercial installations, The steam supply for the heating sys- 

tem was metered and daily resdings taken during the entire heat- 

ing season. 

The Sterling Engineering Company at Milweukee, Wisconsin, 

manufacture the "Thermotrol™, They submerge the sssembled sppar- 

satus consecutively in two barrels of water, one of which is of a 

temperature two degrees higher than the other, When the "Thermo- 

trol" is submerged in the waster of higher temperature the valve 

is supposed to be completely closed, and in the colder water it 

is completely open; so that in actual prectice the valve is ex- 

pected to maintain the room temperature within a range of one 

degree either way from the point et which it is set. 

Some eontrol tests were run on the "Thermotrol™ at the Uni- 

versity of Pennsylvanis 



There are some other companies masking automatic radiator 

valves, but the ones mentioned are the leaders in the field. It 

would seem that the tests given the Fulton valve No."875" are 

the ones that involve a real steem flow and velve movement test 

as is herein to be described. 



STATEMENT OF PURPOSE 

The purpose of this underteking is to give & Fulton 3" No. 

875 automatic radiator valve & series of tests for performance, 

Ae 

and secure dsta that would help one to use it properly. It is 

also desired to study the subject as the work is carried on. 



APPARATUS 

I, For Control Test. 

1, Recording thermometer of 24 hour range. 

2. A Fulton 2" No.875 automatic radiator valve, 

EZ. An office built in one corner of a steam laborstory. 

The laboratory wes about 60 feet long and 30 feet wide, 

The two built-in walls of the office did not extend to 

the ceiling of the larger room, The ceiling was about 

twelve feet above the floor, 

4, The radistor consisted of several steam pipes lapped 

back and forth throughout the whole length of one side 

of the laboratory snd office. 

II. For Steam Plow Test. 

Figure 1 shows the general set-up for this test. 

Steam enters gt B at & higher pressure than is desireable or 

suitable for the purpcse at hand. The reducing valve C cuts 

the pressure down to about 18 lbs, per sq. in. &s shown by 

the gage D, The other reducing valve ¥ has a lever snd slid- 

ing weight which ensbles it to be varied from Zero pressure 

up to about 15 lbs. The pressure changes were gll made by 

menipulating F, The tank I collects the moisture in the 

steam and passes it out at the bottom. The dry steam flows 

on to the valve which is being tested. When valve 0 is open 

it can pass upward to the right and into the condensing tubes 

J. The steam condenses and flows into the weighing tank L. 
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Pap water is supplied to the condeneer through pipe A, Water 

flows from the condensing tank through N. 

Rubber tubes connect, one on the inteke side and one on 

the exit side of the valve 0. These same tubes connect to the 

mercury U-gage and cause it to show the pressure drop through the 

valve 0. The pressure at the exit of 0 is very little, if any, 

gbove atmosphere, The pressure drop is regulated by F. 

The erock H contains water up to the top of the bellows of 

the valve. A rubber tube acts as a siphon extends from this crock. 

A pinchecock on this tube makes it possible to run water from the 

erock at will. Crock E contains ice-water and is placed above .H. 

Water can be siphoned from it to H at will through another rubber 

tube. 

Two other small can be seen extending into H. One connects 

to the tap water and the other to the steam supply. They are used 

with a larger vessel than the erock when working with higher tem- 

peratures. This vessel is a galvanized iron box with a& capacity 

of about 1 cubic foot. Its side is slotted so water cannot rise a- 

bove the bellows, The slot serves us an overflow. 

Timing is done with an ordinery watch. 

The waster in H is stirred with a small wooden paddle, 

III. Apperatus For Valve Opening Study. 

A disl gage is placed on the frame of the valve with its plun- 

ger extending downward egeinst a brass strip soldered on the bel- 

lows. This strip moves with the bellows which in turn move with 

the valve stem, The strip is on the end of the bellows next to the 

valve stem. 
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A -Water Supply 
B-Steam Supply 
C- Pressure Reducing Valve 
D— Pressure Gage 
E-~Crock For Ice Watery 
F- Pressure Reducing Valve 
G-Mercury Column Press. Gage 
H-Crock For Water At be- 
sired Temperature. 
I-Dryer For Steam 
J- Condensexy Tubes 
K—- Condensing Tank 
L-Weighing Tank 
M- Scales 
N ~ Overflow Pipe 
O- Vulve No. 87 

Fig. | - GENERAL SET-UP OF APPARATUS e
T
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PERFORMANCE 

1. THe Control Test. 

The Yoive wis placed on the radiator and connected to the 

steam supply or riser. It was adjusted to about three fourths 

of the way between the "Med" setting and "Hot". A recording 

thermometer was placed upon a table about five feet from the 

valve, set at the existing room temperature and time after an 

hour or so and allowed to run. Neither the valve or thermometer 

were touched for approximately 24 hours. At the end of that 

time the chart was taken from the thermometer. 

Two separate control tests were run. 

The actual cha ts are shown in figures 2 and 3, The 

existing outdoor temperatures were obtained from the Knoxville 

office of the weather bureau and plotted on tle charts. 

I1.The Steam Flow Test. 

The valve has three settings on it. The are "Cold", "Med" 

and "Hot". Consequently it was deemed advisable to run a 

separate test for each setting. 

The first work was dore with the value set at "Hot". 

Tle apparatus was set up as in figure 1 except that the 

galvanized iron box was used instead of the crock H. Crock 

E was not used either. A Fahrenheit thermometer was kept 

suspended in the vessel containing the water and bellows. 

The water was first adjusted at 60° F. by letting in 

steam if too cold, and tap water if too hot. By careful 

manipulation this temperature was obtained. The excess 

water flowed through the slot in the box. Valve F was now 
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adjusted until the V-gage showed a pressure difference of 3 

pound at 80° the value was open and steam began to flow through 

finally coming out as water into tahk L. Tank L was now emptied 

and put back on the scales wet but not under the condensate. 

The scale arm was balanced. Attention was now given to see if 

the temperature in the iron or "tin" box was still at 80°, If 

not it was made so again. The pressure was also made constant 

at # pound. Now the tank L was quickly shoved under the con- 

densate to catch it, and the time noted to seconds. Attention 

was now given to keeping the temperature constant. At the end of 

the desired time interval the tahk L was quickly drawn from under 

the flow and weighed. The difference in times gave the time of 

collecting the now known discharge. The steam flow per hour at 

80° F and 4 pound pressure could now be determined. This same 

procedure was followed up to 10 pounds pressure; then the tem- 

perature was lowered to 75°F and the work and notation repeated. 

Finally a run was made at 70°F. Thi s gave in the end three tem- 

peratures and three steam flows for every pressure studied, which 

made enough points to draw curves like those mentioned under 

"General Theory". 

The valve was now set at "Med" aml the two crocks arranged 

as shown in figure 1. It was necessary to use ice-water here to 

get low enough temperatures. The valve was started out at 70°F; 

the next temperature taken was 65°F; the final was 60°F. Outside 

of the temperature control the procedure was exactly the same as 

when the valve was set at "Hot". The {temperature was controlled 

by letting ice-water from E to H or by admitting steam to H as the 

occasion demanded. Overflow was taken care of by the tube and 
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pinchcock extending from H. 

The procedure with the setting at "Cold" was the same as 

that at "Med". 

Figures 5, 6, and 7 show the results of the steam flow 

procedure. The observed data is shown on the pages immediately 

preceding the curves. 

III. The Valve Opening Study 

As in the steam flow work three sets of datas had to be 

collected, due to the three different settings. 

Here ice-water was put into crock H, and tke temperature 

permitted to rise with an occasional chek so as to get a dial 

gage reading. Time had to be given the valve to reach the tem- 

perature shown by the themometer at each reading. 

The pressure was left at about 1 pound throughout the whole 

test. 

Where the temperature rise was too slow between points to 

be read steam was admitted to H to speed up the rise. 

The tabulations show dial gage readings and corresponding 

temperatures. The dial gage was set arbitrarily to start with. 

The study in each case was made over the temperature range for 

that setting. Resulting curves are shown in figures 8, 9, and 10. 



TABLE I 

Data From Steam Flow Test 

2" Valve No. 875 Set At "Hot" 

Temp, + Steam : Con- : Time : Lbs. 

of Valve : Press Lbs.: densate : Interval ¢ Steam 

Deg. PF. : Per Sq. In: Lbs. : Min. : Per Hour 

80 3 % : 917% 20 : 6.51 

80 : z : Bela 3 15 2 8.92 

80 : i : 8.702 15 3 10.80 

‘80 : 1 : 1.88 ; 10 3 11.28 

- 80 : 2 3 1.553 6 : 1.5.30 

80 : 3 $ 1.54 3 5 : 18.48 

80 : 4 3 1.75 3 5) : 21,060 

80 3 5 : 2.0.53 5 3 25.80 

80 : 6 3 AL 5 : 26.84 

80 : 7 : 2.65 5 Z 31.80 

80 3 8 3 a 5 : 37.40 

80 : 9 : 4.00 5 : 48.00 

80 : 10 3 416% 5 3 49.85 

75 3 [3 : 3.35.3 10 : 20.00 

75 : ; : eB 3 5 : 27. 38 

75 : 4 : 2.68 ¢ 5 : 32.80 

75 3 1 : Ll 5 $ 39.70 

75 3 2 : 4.48: 5 : D3. 7D 

15 : 3 : 5.80 3 5 : 67.20 

75 2 4 : BBL 02 5 3 79.28 

75 $ 5 : 8.00 5 : 90.00 

75 : 6 3 8:25:3 5 : 99.0 

25 : 7 : S.2%¢; 5 ran BR SRN 

75 3 8 : 12.00 3 5 : 12000 

75 : 9 : 10.89 5 130,80 

25 % 10 : 11.74; 5 : 140.4 

70 : 3 3 BS, 55:1 10 : 32.0 

70 : 5 : 4.30 3 6 : 43.0 

70 3 : 4 : 4.403 5 3 52.8 

70 3 1 : Beos3 5 : 63.4 

70 : 2 $ 8.882 5) : 88.2 

70 : 3 : 9.17; 5 $111.0 

70 : 4 : 11.12 : 5 $353.0 

70 : 5 : 12.3% 4 5 $147.7 

70 : 6 : 15.456: B t= 161.5 

70 3 7 : 14.90 5 {179.0 

70 : 8 : 19,37 6 3 193.7 

70 2 9 3 7.30 5 3. 205.0 

70 : 10 - 18.24 4 5 $219.0 
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TABLE II 

Data From Steam Flow Test (Cont'd) 

+" Valve No. 875 Set At "Med" 

Temp. Steam : Con- : Time : Lbs. 
of Valve : Press Lbs. * densate : Interval : Steam 
Deg. FP. ; Per 8g. In : Lbs. Min. : Per Hour 

70 : 3 : +57 3 10 : 4,02 
70 : Be 3 .86 : 10 3 5.14 
70 : 2 3 «0% : 5 : 8.30 
70 : 1 2 .83 : 5 : 10.00 
70 : 2 : 1.3% 3 £ : 16.5 
70 3 3 : 1.84 5 B : 223 
70 : 4 : 2el? : 5 : 26.0 
70 : 5 : Se : 5 : 30.2 
70 $ 6 : IRA : 5 3 Bed 
70 3 7 2 3.06 3 5 : 36,8 
70 3 8 $ 3.42 : 5 2 41.0 
70 : 9 g 3.63 3 5 : RD 
70 : 10 : 6.15 : 8 : 46.1 
65 : EA 3 2.20 : 7 $18.84 
65 $ z $2.20 : 5 : 26.40 
65 3 5 : 2.57 : 3 : 30.81 
65 : 3 $ Pe? : 5 : 35.60 

65 : 2 : B34 : 6 : 53.40 
65 : 3S : Be lO : 5 5 68,40 

65 3 4 3 6,48 : 5 : 77.75 
65 : 5 : 7 +D06 : 5 2 90.70 
65 3 6 : 8.24 : 5 : 99,0 
65 : 7 : 9.20 $ 5 : 110.3 
65 s 8 2 Be'lD : 5 : 117.0 

65 2 9 $10.44 3 5 : 625.2 
65 : 10 $ «27.05 3 12 3 135.2 

60 : 3 : 1.88 : 5 3 22.56 
60 : 3 3 3027 2 5 : S9.20 
60 : 3 : 4,73 : 6 : 47.30 
60 : 5 : 4.59 : B : 55.19 
60 : 2 : 7.00 : 5 3 84.0 

60 3: 3 : Sell : 5 : 104.3 

60 : 4 3 18e0z2 5 : 120.0 
60 : 5 13.858 3 6 : 138555 
60 : 6 ga AT S Bb 3 142.2 

60 : 7 $0: 13.69 : 5 : 164.2 

6 : 8 Ca : 4) : 177.0 
6 : c 25 15,92 : 5 : 191.0 
60 : 10 $0 B53,1% : 10 : 200.0 
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TABLE III 

Data From Steam Flow Test (Cont'd) 

4" Valve No. 875 Set At "Cola" 
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STEAM FLOW — LBS. PER HR, 

F1G6. No. 7 

Tiree. Curves Showing Tk Relation of Steam Flow to Pressure 

and Temperature. 

INTERPRETATION OF CURVES ~ Sgme as others but with a much lower 

steam consumption. A temperature above 60,F cannot well 

be reached with valve set at "Cold". 



TABLE IV 

Data From Valve Opening Study 

Temp. of : Dialgage : Remarks Temp. of Dialgage : Remarks 
Valve : Reading Valve Reading : 

Deg. F. Inches Deg. F. Inches 

Valve Set At "Cold" 

45 : .0368 ; 3 62 : 0531 
50 : .0392 : : 63 : 0537 
55 3 .0429 3 3 64 .0642 Slow drip 
60 : .0468 65 .0548 : 
61 : +0495 : 66 «05861 : No flow 

Valve Set At "Med" 

55 : .070 3 : 73 : +1250 : 
60 : .076 3 : 74 3 1.265 3 
65 : .0945 : 75 : v1294 
68 : «1057 ; 76 : 1 O25 Slow drip 
70 : +..110 : ig : + 1330 : 
71 : .1196 : 78 : «1339 : 
72 : «1216 3 80 : +1350 ‘No flow 

Valve Set At "Hot" 
65 3= .0045 3 : BL TT L007 5; 
70 s 0277 3 : 86 : .0828 ¢ Fast drip 
75 : +0500 : : 88 $ .0842 : 
80 : .0720 : : 90 : 0875 
82 : . 760 : H e3 : .0896 ¢ Slow drip 
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TEMPERATURE OF THERMOSTAT ~ DEG. F 

F1G. No. 8. 

TITLE:- ; ig : rE 
Curve Showing Variation of Valve Opening With 

Temperature. 

INTERPRETATION OF CURVES - The gradual curve between 45° and 60° 

shows tht the valve opening is very nearly proportional 

to the temperature change within these limits. The abrupt 

change of direction at about 60° shows that the valve is 

beginning to close. The smaller slope now shows that the 

closing is gradual and no absolute closing temperature can 

be found. 
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TITLE:- 
Curve Showing The Relation Between Valve Opening 

and Temperature Change. 

INTERPRETATION OF CURVES = Pra¢tically the same in general as the 

preceding curve. Here however the valve comes in contact 

with its seat at about 71°. Some irregularity in the seat 

May have caused steam to flow until nearly 80° was reached. 
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FiG. No. 10 

TITLE:- 
Curve Showing The Relation of Valve Opening to 

Temperature Change. 

INTERPRETATION OF CURVES . 

seating at about 80°, 

definite as shown by the curve. 

This time the valve apparently starts 

Its actual closing is rather in- 



CONCLUSION 

From the results of the tests it appears that the valve stud- 

ied will perform in a very creditable manner, The temperature 

control is particularly good. The variation was not more than 

a half degree above or below the temperature at which the room 

was to be held. 

While the study of the valve closing would seem to indicate 

that the valve was not sensitive to small tempersture changes, 

the control test refutes this indication. It wes noticed thst 

the valve sested slowly as the tempersture increased, But even 

before it wes fully closed it cessed to admit enough steam for 

appreciable heating, The sensitivity then, is not necessarily 

dependent upon the suddenness with which the valve completely 

closes, | 

The steam flow tests show the capacity of the valve at or- 

dinary heating pressures of + 1b. to 10 lbs. with room tempera- 

(o
] 

tures from 50 to 80°, 
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