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CP&L 
Carolina Power & Light Company 

December 24, 1980 

File: NG-3514(R) Serial No.: NO-80-1913 

Office of Nuclear Reactor Regulation 
ATTENTION: Mr. Steven A. Varga, Chief d 

Operating Reactors Branch No. 1 
United States Nuclear Regulatory Commission 
Washington, D. C. 20555 

H. B. ROBINSON STEAM ELECTRIC PLANT UNIT NO. 2 
DOCKET NO. 50-261 
LICENSE NO. DPR-23 

CONTAINMENT PURGING AND VENTING DURING NORMAL OPERATION 

Dear Mr. Varga: 

Enclosed please find Carolina Power & Light Company's (CP&L) 
response to NRC questions provided on February 1, 1980 entitled, 
"Clarification of September 27 Letter to Licensees Regarding Demonstra

tion of Operability of Purge and Vent Valves." This response also 
includes a copy of an Allis-Chalmers document entitled "Test Report 
on an Allis-Chalmers 6" Streamseal Butterfly Valve in Air Concerning 
Nuclear Containment Isolation Valves," which provides supporting 
documentation for our responses.  

Should you have any further questions or comments, please 
contact my staff.  

Yours ver truly, 

E. E. Utley 
Executive Vice President 

Power Supply and 

Engineering & Construction 

DCS/jc (1918) 
Enclosures 

cc: Mr. J. D. Neighbors (NRC) 

411 Fayetteville Street * P. 0. Box 1551 * Raleigh, N. C. 27602



ENCLOSURE 1 

Response to NRC Questions Entitled "Clarification 
of September 27 Letter to Licensees 
Regarding Demonstration of Operability of 
Purge and Vent Valves"



Item 1 

The containment conditions during a DBA were obtained from the FSAR.  

Ramp pressure and temperature were then plotted (Addendum #1) against 

time. Valve closing time is 2 seconds. A second curve was then 

plotted displaying ramp pressure versus angle of closure during the 

2-second closure time (Addendum #2). The disc angle of opening was 

then compared to containment pressure (P1 ). P1 was then considered 

inlet pressure to the valve. The test program recorded inlet pres

sures and corresponding pressure drops (AP) at 10 psig intervals in 

most cases. If the containment pressure in a given instance fell 

between two recorded test pressures, a value of AP for the case would 

be obtained by linear interpolation between them. The same approach 

was used in calculating the torque coefficient (C ) once the inlet 

pressures had been established.  

Gas density and temperature were not considered, as temperature does 

not affect the disc torsional loading under operating conditions 

except as it affects containment pressure; the value for that pres

sure being given with the pressure ramp plot. Refer to the attached 

data sheets (Addendum #3) to determine pressure drop and torque 

coefficient along with applied torque for any given disc angle for 

a particular valve.  

Item 2 

The dynamic torque coefficients used in determining developed torque 

were obtained by direct testing of a 6" butterfly valve in a wind 

tunnel facility at Langley Air Force Base. The test included.three 

different valve disc designs, containing three different thicknesses 

to diameter (t/d) ratios. The t/d ratio exercises a direct influence 

over developed torque and is a constant over the range of valve 

sizes. A discussion of this relationship is included in the Allis

Chalmers Containment Isolation Valve Test Report (Enclosure 2) under 

(1) Procedure, (2) Test Results, and (3) Conclusions. As the t/d



ratio effects a constant influence on torque coefficients over the 

full range of valve sizes, this ratio was the basis used in selection 

of the pertinent test data for a given valve analysis. Mathematical 

analysis was used in determining the performance of individual valves 

in Carolina Power & Light Robinson Plant based on data obtained 

during Air Force Wind Tunnel testing of a similar 6" valve. The 

ability to upscale information derived from the 6" valve tests is 

given by geometric similiarity in design between all valves of this 

type. This approach has been proven many times in the past by experi

ment in both the laboratory and the field by Allis-Chalmers 

engineering personnel in performance evaluation of the entire STREAMSEAL 

product line using various fluid media. The ruling factor governing 

torque performance for this butterfly valve design is the disc thickness 

to disc diameter (t/d) ratio. This ratio has a direct bearing on the 

magnitude of the applied torque directed to the valve shaft and 

operated upon by the valve actuator. In determining actual valve 

performance for a given installation, the t/d ratio of the valve in 

question is first calculated. The ratio remains fairly constant for 

all valve sizes; therefore, comparison can be made between the 6" test 

valve and all other valves of similar construction. Three t/d ratios 

were tested with the 6" valve covering the range of disc designs manu

factured by Allis-Chalmers. For a given instance, an actual valve t/d 

ratio is determined and compared with t/d ratios given in the test 

report. The next higher t/d ratio is selected, if a direct match is 

not possible, thereby yielding a conservative value for torques calcu

lated in this process. After the t/d ratio is determined, the other 

details of valve position (type of installation, expected differential 

pressures, and appropriate test number) are determined, the calculation 

procedure is continued as outlined in the Torque Calculation paragraph 

and following paragraphs in the test report (pg. 5).



Item 3 

Installation effects as to orientation, disc position, inlet and 

outlet conditions, etc., were all provided for in the test program. A.  

discussion of each of these parameters.is outlined in Allis-Chalmers 

test report under Procedure. For any given valve installation, 

appropriate test data was used based on valve installation, orientation 

and disc position. Determination of these variables would then allow 

selection of an appropriate test number to determine valve performance.  

See (1) Procedure and (2) Torque Calculations in Allis-Chalmers test 

report to determine .the method of test selection.  

Item 4 

Valve closure rate was a given value and was considered constant from 

900 open to closed. The containment pressure response profile was com

pared to valve closure rate by means of a curve plot, angle of closure 

versus increasing containment pressure (see Addendum #2).  

The lag time between received signal and initial valve movement was 

accounted for in that the 2-second closure time is the time between 

signal generation and valve full closure.  

Item 5 

The predicted AP capability versus the vane angle of opening have been 

tabulated on the data sheets enclosed (see Addendum #3).  

Maximum AP capability is the pressure-rating of the valve; for the 42" 

BFV, the operating pressure rating is 50 psig, but proof of design 

test pressure (maximum without structural failure) would be 100 psig 

differential across the valve. For the 6" BFV, 150 psig is maximum 

operating pressure, with 300 psig differential being the maximum for 

proof of design test purposes.



Item 6 

Valves were designed and constructed according to AWWA C504 applicable 

at time of construction. All. components were sized according to tabu

lated data requirements listed in the AWWA specification.  

86714-3 42" shaft dia.' 2-7/8" 304SS 

77042-4 42" taper pins: 416 H.T. SS #10 x 6" 1g.  

87085-4 6" shaft dia.: 1" 304SS 

39917-4 6" taper pins 1/4" x 1-1/4" 1g. - 416
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Item 7 - Omitted by the NRC 
Item 8 - Omitted by the NRC 

Item 9 

A. Containment pressure rise effects on the actuators' ability to 

evacuate control air pressure have not been considered in deter

mining the margin of torque capacity to close the valve. However, 

by plotting the required operating torque to close the valve, 

against the instantaneous operator torque, it becomes obvious that 

the operator has much greater capacity (approximately 3:1) than 

that required to close the valve under emergency conditions.  

B. The actuator bleed configuration allows the instrument air to vent 

to the containment vessel atmosphere, through solenoid valves, 

from the high pressure side of the actuator piston.- Similar low 

pressure side vents are provided for the actuator piston ensuring 

a pressure balance across the piston via venting to the contain

ment vessel. This feature serves to negate the effects of back

pressure on venting rate. Vents on the isolation valve outside 

containment vent to atmosphere.  

Item 10 - Not applicable.  

Item 11 - Not applicable.  

Item 12 

The valve operators at H. B. Robinson 2 have sufficient torque capacity 

to open and close the valves under containment ramp pressures, without 

limiting the amount of valve travel. CP&L will install stops, however, 

to limit the radiological consequences of an accident while purging.  

The operator torque margin for a given valve is listed on the enclosed



data sheets (Addendum #3). Seating torque are listed on the bottom of 

the tabulated data sheets. All operators have adequate torque to seat 

the valves.  

Item 13 

At no time does the maximum torque developed by the valve exceed the 

maximum torque rating of the operators. Refer to curve plots for 

individual operator torque capacities. All the operators have a 

comfortable margin of safety above the maximum operating torque.  

Item 14 

The maximum torque value applied to the valves is within the standard 

operating range of the valve actuator; therefore normal torque 

settings for limit switches, torque override devices, etc., apply in 

the normal fashion.  

Item 15 

No electric motor operators are used in the valve assemblies under 

consideration.  

Item 16 

No handwheels are provided on these actuators.  

Item 17, Item 19, Item 20 

No environmental testing or analysis was performed on these specific 

valves prior to shipment to the customer.  

However, all the valves were constructed in accordance with specified 

Nuclear Standards in effect at the time of manufacture.



Item 18 - Omitted by the NRC 

Item 21 

The valve seat leakage is constantly monitored by plant PPS and maintenance 

is performed as needed to either adjust or replace the seating segments.  

Periodic cycling is not done on the 42" purge valves above Cold Shutdown.  

The Pressure Relief 6" valves are cycled as needed to control CV pressure.  

The solenoid valves inside CV which control the air to/from these valves 

were replaced with environmentally qualified models. The elastomeric 

components of these solenoid valves will be replaced on four year cycles 

as committed to in our response to IE Bulletin 79-01B.
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VALVE NO. V12-6 

Carolina Power & Light - 42" BFV '2-15-80 
Ramp Pressure vs. Angle 0 sec. Delay t/d = .12 
Test #26. Pmax = 16.7 psig. @ 2 sec.  
Operator Type Cyl./Spring. Max Torque 4440'# 

oOPEN SEC. P AP C TDI# Tb'# To'# OPER. T'# 

90 0 4.0 1.4 27.6 1662 28 1690 4440 

80 .22 5.5 2.05 19.7 1736 41 1777 4143 

70 .44 6.8 2.25 17.7 1712 45 1757 3763 

60 .66 8.2 4.8 7.6 1569 96 1664 3368 

50 .88 9.6 7.3 2.8 879 146 1024 3005 

40 1.11 11.1 9.1 .86 337 181 518 2700 

30 1.33 12.5 10.5 -.45 -203 209 6.2 2464 

20 1.55 13.9 11.2 -.45 -217 223 6.6 2304 

10 1.77 15.3 12.5 -1.07 -575 249 -326 2234 

0 2.0 16.7 

MAX SHAFT TORQUE 3400'#. SHAFT DIA. = 2 7/8" 
TD = 43 CT AP.  
Tb = 19.94 AP.  
To = TD + Tb.



VALVE NO. V12-7 

Carolina Power & Light - 42" BFV 2-14-80 
Ramp Pressure vs. Angle 0 sec. Delay t/d = .12 
Test #25. Pmax = 16.7 psig. @ 2 sec.  
Operator Type Cyl./Spring. Max Torque 4440'# 

0OPEN SEC. P AP CT TIt Tb# T0111 OPER. T'# 

90 0 4.0 .5 5.4 116.1 9.97 126.1 4440 

80 .22 5.5 .55 21.5 507 10.96 518 4143 

70 .44 6.8 1.5 10.4 669 29.9 699 3763 

60 .66 8.2 2.25 6.54 631 45 676 3368 

50 .88 9.6 6.25 1.80 482 125 607 3005 

40 1.11 11.1 8.7 -.30 -112 173 62 2700 

30 1.33 12.5 10.5 -.50 -225 209 -16 2464 

20 1.55 13.9 11.56 -.82 -406 231 -176 2304 

10 1.77 15.3 12.50 -.88 -472 249 -222 2234 

0 2.0 16.7 

MAX SHAFT TORQUE 3400'#. SHAFT DIA = 2 7/8" 
TD = 43 CT AP.  
Tb = 19.94 AP.  
To = TD + Tb.



VALVE-NO. V12-8 

Carolina Power & Light - 42" BFV 2-15-80 
Ramp Pressure vs. Angle 0 sec. Delay t/d .12 
Test #27. Pmax = 16.7 psig. @ 2 sec.  
Operator Type Cyl./Spring. Max Torque 4440'# 

0OPEN SEC. P AP Th' T0
1 # OPER. T'# 

90 0 4.0 .5 37.6 808.4 10 818 4440 

80 .22 5.5 1.0 34.1 1466 20 1486 4143 

70 .44 6.8 1.5 28.4 1832 30 1862 3763 

60 .66 8.2 3.25 10.28 1437 65 1501 3368 

50 .88 9.6 6.8 3.4 994 136 1130 3005 

40 1.11 11.1 7.0 1.4 421 140 561 2700 

30 1.33 12.5 8.5 -.1 -37 170 133 2464 

20 1.55 13.9 9.5 -.9 -368 189 -178 2304 

10 1.77 15.3 12.5 -1.1 -591 249 -342 2234 

0 2.0 16.7 

MAX SHAFT TORQUE 3400'1#. SHAFT DIA = 2 7/8" 
TD = 43 CTAP.  
Tb = 19.94 AP.  
To = TD + Tb.



VALVE NO. V12-9 

Carolina Power & Light - 42" BFV 2-15-80 
Ramp Pressure vs. Angle 0 sec. Delay t/d = .12 
Test #28. Pmax = 16.7 psig. @ 2 sec.  
Operator Type Cyl./Spring. Max Torque 4440'# 

0OPEN SEC. P AP 'a t Th# To/ OPER. T'# 

90 0 4.0 1.0 6.74 289 19.9 309 4440 

80 .22 5.5 2.05 12.8 1128 41 1169 4143 

70 .44 6.8 2.86 11.8 1451 57 1508 3763 

60 .66 8.2 5.8 3.9 973 116 1088 3368 

50 .88 9.6 7.9 .98 333 158 491 3005 

40 1.11 11.1 9.6 -.06 -25 191 167 2700 

30 1.33 12.5 10 -.45 -194 199 5.9 2464 

20 1.55 13.9 11.5 -.89 -440 229 -211 2304 

10 1.77 15.3 12.4 -.43 -229 247 18 2234 

0 2.0 16.7 

MAX SHAFT TORQUE 3400'#. SHAFT DIA = 2 7/8" 
TD = 43 CT AP.  
Tb = 19.94 AP.  
To = TD + Tb.
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VALVE NO. V12-10/11 

Carolina Power & Light- 6" BFV 12-09-80 
Ramp Pressure vs. Angle 0 sec. Delay 
Test #21. Pmax = 15 psig. t/d = .29 
Operator Type Cyl./Spring. Max Torque 250'# 

0OPEN SEC. P AP CT TD# Th# Tb0 # OPER. T'# 

90 0 7.5 3 -25.1 -9.4 .42 -8.98 250.0 

80 .22 8.0 4 -11.0 -5.5 .56 -4.94 240.2 

70 .44 10.0 7 -6.3 -5.5 .99 -4.51 230.4 

60 .66 11.0 8 -3.9 -3.9 1.13 -2.77 220.6 

50 .88 12.5 10 -3.1 -3.9 1.41 -2.49 210.8 

40 1.11 14.0 12 -2.4 -3.6 1.70 -1.90 201.1 

30 1.33 14.5 13.5 -1.8 -3.1 1.90 -1.2 191.3 

20 1.55 15.0 15 -1.1 -2.0 2.12 +.12 181.5 

10 1.77 15.0 15 -1.3 -2.4 2.12 -.3 171.7 

0 2.0 15.0 15 -3.1 -5.9 - - 162.0 

MAX SHAFT TORQUE 93'#. SHAFT DIA = 1" 
TD = 125 CT AP.  
Tb = .141 AP.  
To = TD + Tb.



VALVE NO. V12-10/11 

Carolina Power & Light - 6" BFV 12-09-80 
Ramp Pressure vs. Angle 0 sec. Delay 
Test #21. Pmax = 20 psig. t/d = .29 
Operator Type Cyl./Spring. Max Torque 250'# 

0OPEN SEC. P_ AP C TD' # T # Toll/ OPER. T'# 

90 0 10.0 4.5 -29.3 -16.5 .64 -15.86 250.0 

80 .22 10.5 5.5 -20.1 -13.8 .78 -13.02 240.2 

70 .44 14.0 10.0 -11.0 -13.8 1.41 -12.39 230.4 

60 .66 15.0 12.0 -9.2 -13.8 1.70 -12.10 220.6 

50 .88 16.5 14.5 -6.5 -11.8 2.04 -9.76 210.8 

40 1.11 18.0 16.5 -4.5 -9.8 2.32 -7.50 201.1 

30 1.33 19.0 18.0 -2.8 -6.3 2.54 -3.76 191.3 

20 1.55 20.01 19.5 -1.6 -3.9 2.75 -1.15 181.5 

10 1.77 20.0 20.0 -3.9 -9.8 2.82 -6.98 171.7 

0 2.0 20.0 20.0 -4.7 -11.8 - -8.80 162.0 

MAX SHAFT TORQUE 93'#. SHAFT DIA = 1" 
TD = 125 CT AP.  
Tb = .141 AP.  
To = TD + Tb.
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VALVE NO. V12-12/13 

Carolina Power & Light - 6" BFV 12-09-80 
Ramp Pressure vs. Angle 0 sec. Delay 
Test #22. Pmax = 15 psig. t/d = .29 
Operator Type Cyl./Spring. Max Torque 250'# 

0OPEN SEC. PI AP Cf T'# Tb'# To'# OPER. T'# 

90 0 6.5 3.5 37.7 16.5 .5 17.0 250.0 

80 .22 9.0 6.0 33.1 24.8 .8 25.6 240.2 

70 .44 9.0 6.5 33.8 27.5 .92 28.5 230.4 

60 .66 10.0 8.0 24.8 24.8 1.13 25.9 220.6 

50 .88 11.0 9.5 18.5 22.0 1.34 23.3 210.8 

40 1.11 12.0 11.0 12.0 16.5 1.55 18.1 201.1 

30 1.33 13.0 12.0 9.2 13.8 1.70 15.5 191.3 

20 1.55 13.0 13.0 1.9 3.1 1.83 4.9 181.5 

10 1.77 13.0 13.0 -1.9 -3.1 1.83. 1.3 171.7 

0 2.0 13.0 13.0. -1.9 . -3.1 - - 162.0 

MAX SHAFT TORQUE 93'#. SHAFT DIA 1" 
TD = 125 CT AP.  
Tb = .141 AP.  
To = TD + Tb.



VALVE NO. V12-12/13 

Carolina Power & Light - 6" BFV 12-09-80 
Ramp Pressure vs. Angle 0 sec. Delay 
Test #22. Pmax = 20 psig. t/d = .29 
Operator Type Cyl./Spring. Max Torque 250'# 

oOPEN SEC. PI AP CT 'I Tb'lt To'# OPER. T'# 

90 0 10.0 6.0 29.3 22 .85 22.8 250.0 

80 .22 13.0 10.0 26.4 33 1.41 34.4 240.2 

70 .44 14.0 11.5 23.0 33 1.62 34.6, 230.4 

60 .66 15.0 13.0 20.3 33 1.83 34.8 220.6 

50 .88 18.0 16.0 14.0 28 2.26 30.3 210.8 

40 1.11 19.0 17.5 11.3 24.8 2.50 27.3 201.1 

30 1.33 19.5 18.5 7.1 16.5 2.61 .19.1 191.3 

20 1.55 20.0 20.0 1.2 3.1 2.82 5.9 181.5 

10 1.77 20.0 20.0 -1.2 -3.1 2.82 .3 171.7 

0 2.0 20.0 20.0 -1.2 -3.1 - - 162.0 

MAX SHAFT TORQUE 93'#. SHAFT DIA = 1" 
TD = 125 CT AP.  
Tb = .141 AP.  
To = TD + Tb.  

(P #11)
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Introduction: 

The purpose of this program was to observe and document 
the performance of an Allis-Chalmers Streamseal 6" 
Butterfly Valve. The testing performed was under specified 
air pressure conditions, to determine torque coefficients 
applicable to this type of valve. The test program is intended 
to serve as a model for larger valves manufactured by 
Allis-Chalmers, presently installed in various installations 
around the country. The coefficients thus developed by the 
testing method may then be applied to the larger on-site valves 
to determine the required actuator capacity under dynamic 
conditions, and to determine shaft stress levels.  

The test procedure was designed to obtain data concerning 
four areas of investigation: 

1. Valve closure rate versus time under dynamic conditions.  
IE: Constant or variable closure rate.  

2. Flow direction through valve. How valve performance
and shaft torques.are affected by flow direction, & AP 
across the valve. What effects the change in pressure 
across the valve has on performance, and if actual conditions 
conform to prior published performance data for valve sizing.  

3. The effect of the piping system on the valve installations.  
How the existence of piping, elbows, sudden enlargements, 
affects valve performance, closure times and shaft stresses.  

4. The effect of valve disc and shaft orientation to 
the fluid mixture egressing from the containment.  

Summary: 

The information contained within this report is the result 
of a series of test runs performed on an Allis-Chalmers 5" 
Streamseal Butterfly Valve, in response to utility inquiries 
regarding various valves installed in Nuclear Power plants.  
With the information contained herein, an accurate assessment 
of a given Allis-Chalmers butterfly design in isolation containment 
service may be obtained within the range of specified inlet 
pressures. The uppermost concern in this analysis is the 
determination that both valve actuator and shaft size are adequate 
to perform as required during pressure conditions specified 
by the utility. A series of tests were performed over a 
range of inlet pressures from 60 psig to 10 psig. Through data 
collection and calculation, a tabulation of torque coefficients 
(CT) was obtained, that enabled prediction of valve torques for 
the same pressure conditions, for any size Allis-Chalmers 
butterfly valve of the same disc thickness/diameter ratio and 
of similar design. Application of the C value-will yield a 
maximum applied wshaft torque and will alTow comparison of 
maximum allowable shaft torques and actuator capacities under 
specified inlet conditions.  
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Procedure: 
The procedure outlined below describes the testing and 
evaluation of one Allis-Chalmers Streamseal Butterfly 
Valve, equipped with a Limitorque Electric Motor Actuator Model 
No. HOBC/SMC-04 with a minimum rated output of 150 ft-lbs.  
at 5.2 seconds for 90 degrees rotation. The valve was 
tested by mounting it in the blow-down stack of the Low 
Pressure Turbulence Tunnel installation located at NASA 
Facility Langley Research Center, Hampton, VA. All data 
was collected by monitoring incoming signals transmitted 
to equipment located in the adjacent tunnel control room.  

Testing consisted of data gathering with the valve secured 
in two mounting installations, various valve positions 
relative to the elbow centerline, and with three types of 
valve configurations incorporating distinct disc thick
ness ratios. Refer to Figs. 7&8 for comparative thickness. This 
approach allowed study of valve performance under various 
expected mounting profiles, to obtain the maximum amount of 
information within the capacity of the test facility.  

The procedure intended to present the valve with similar 
conditions as experienced by valves installed in the actual 
facilities. As variations in performance for butterfly 
valves are known to be affected by valve mounting configuration, 
valve position in the line, and disc thickness, the valve 
was mounted in a series of positions relative to the air 
stream as outlined below: 

A. Elbow in/pipe out installation 

1. Flat Face Upstream 

a. Shaft in plane with elbow 
b. Shaft 900 out of plane of elbow 

2. Curved Face Upstream 

a. Shaft in plane 
b. Shaft 90' out of plane 

The above series of test positions were performed for 
the standard full thickness disc. For 6-20" BFV's all 
150 lb. rated t/d=.29. Two thinner t/d ratios 
(t/d=.17, and t/d=.12) represent alternate valve 
constructions as dictated by the pressure rating of the 
full-scale valves installed in the field, for valves above 
20" dia.  

An elbow inlet/pipe outlet installation was dictated by the 
physical constraints of the test area (See Fig. No. A ), 
and by cognizance that certain installations would present 
piping configurations less than an ideal straight pipe in/ 

6/2827



3 

straight pipe out arrangement. Therefore it was considered 
appropriate for purposes of the test program that an elbow 
inlet installation represented a worse-case situation, thereby 
covering most conditions expected to be experienced in the field.  
It is known that different torque behavior will be experienced 
by the valve, as a function of disc angle of attack to the 
flowstream, with an elbow inlet installation, due to flow 
separation as the fluid curves about the inner radius of the 
elbow. In addition to changes in torque characteristics relating 
to flow separation near elbow, the flow through an elbow 
will require an acceleration of the fluid on the outside radius 
in an attempt to keep pace with the fluid on the inside radius.  
This effect causes a velocity difference across the cross section 
of the elbow, and hence a pressure difference occurs in the elbow.  
Also, this test program confirmed that a higher torque will be 
experienced by the valve shaft when the curved side of the disc 
(body seat downstream) is facing the upstream side of the flow.  
The forces on the valve shafting were minimized when the flat 
(body seat upstream) face of the disc was installed upstream, 
along with the shafts inplane with the elbow radius. See Figs 
9 & 10. An offset disc exhibits the above characteristics due to 
the assymetry of profile that the disc presents to the flowstream.  
Unlike a lens type disc with a symmetrical profile and consequent 
unidirectional torsional loading, an offset disc will apply a 
distinctly positive or negative rotational loading to the shaft 
depending on whether the disc geometry presented to the flowstream 
will be the curved side of the disc upstream (body seat downstream) 
or the flat side upstream (body seat upstream). This effect will 
tend to make the disc attempt to close in the case of the curved 
side being upstream, or conversely tends to open with the flat 
face upstream. Torque coefficients generated from this data will 
exhibit a positive sign when the valve tends to close, and a 
negative sign when the valve tends to open. See Figs. 9 & 11.  

The testing procedure consisted of obtaining a maximum pressure 
level of 60 psig with the tunnel pressurization system, 
opening the tunnel shut-off valve, (See Fig. A ) and 
subjecting the test valve to tunnel pressure with the test valve 
disc in the open position (900).  

While the test valve was under pressure conditions, a series 
of three open to close cycles were performed. The valve 
was then returned to the open position, and the tunnel pressure 
allow to decay to the next 10 psig pressure increment, where the 
triple cycling was again performed. In this manner the valve 
was tested, while recording data, until tunnel pressure had 
decayed to below 10 psig. A series of data plots were obtained 
for each pressure level. For each disc thickness 
and shaft/elbow plane relationship, a test number was assigned.  
Disc thickness is expressed as a t/d ratio meaning the ratio of 
the disc thickness to the disc diameter. This expression then 
identifies a particular profile that a disc would present to the 
flowstream in the wide open position. The test number identified 
valve disc geometry and method of valve installation (See Addendum I 
From this data, a.shaft torque for a given AP was calculated 
for a given inlet pressure, and therefore a corresponding C for 
the condition was obtained. All three disc ratios were tested 
in this manner.  
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Measured Variables: 

Five variables pertaining to shaft torque calculation were 
measured and recorded during the testing process. (Refer 
to Appendix # I for typical examples of recorded data). The 
initial variable of interest was the pressure drop across 
the valve, therefore an upstream pressure variable PT1,and a 
downstream pressure variable PT2 were recorded. For 
both pressure variables, static and velocity head (total line 
pressure) (expressed mathematically 

2 
Pressure P=P +pV , where P == static 

S g S 2g

2 
pressure and p V = dynamic pressure 

2g 

or velocity head were measured. Points of pickup were at the 
extreme upstream end of the elbow flange for upstream pressure 
P , and midway along the length (5 diameters) of exit pipe for 
dKwnstream pressure P2 . Pressure pick-up was by means of 
double orifice totaling pitot tubes (Prandtl type) leading 
to strain-gage diaphragm type pressure transducers located 
sufficient distance from the point of pickup to minimize distortion 
due to system vibration.  

Secondly, torque measurement as a function of flow velocity (or 
valve disc angle) was a requirement. Therefore strain gages 
of good commercial quality were mounted on the shafts in an area 
between the valve disc and the valve actuator. The strain gauges 
were connected in a temperature compensated wheatstone bridge 
network to the strip chart recorder amplifier, calibrated to 
obtain microstrain readings corresponding to a unit torsional 
deflection of 420 microstrain per inch of chart recorder deflection.  
By previous calculation, it was determined that for 304 stainless 
steel with a torsional yield strength of 15000 psi, a maximum 
permissable torsional deflection of 615 microstrain could be 
obtained before exceeding the theoretical yield limit. The 615 
microstrain correspond to a chart recorder excursion of 1.5 inches, 
and in no test case was that value exceeded. The 615 microstrain 
value is a constant for all shafting diameters, and was approached 
only with the smallest necked down shaft diameter (1/2"). Necking 
the shaft was required in this small size valve, so as to accomodate 
the smaller t/d ratios investigated in the test program within 
the physical limitations of the valve body and disc. In all 
cases however, even with the greatest pressure drop (AP) across 
the valve, and therefore the highest velocities influencing 
torsional loading on the disc/shaft assembly, no excessive torque 
conditions were experienced. This effect can therefore apply 
indirectly to larger valves with larger shaft diameters as 
it expresses itself as a change in magnitude of the final calculated 
C, value. The microstrain relationship is expressed in terms of 
the applied torque, 

IE: E= T ;where 
E T
-S 
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E = microstrain (inches x 10-6) 

= in-lbs.  

ES = Torsional modulus for stainless steel 12x106 psi 

R = Shaft Radius in inches.  

Solving for torque yields: T = .393 E D ; where the shaft 
diameter D is expressed in feet; and the value of E may 
be determined by reading the microstrain plot.  

Thirdly, a temperature probe was connected just downstream 
of the P1 pressure pickup to enable temperature readings 
in 'F to be recorded. It was felt that recording temperature 
during valve cycling would be pertinent, if it became 
necessary to calculate mass flow across the valve for any 
given pressure drop. Therefore the fourth channel (T) was 
recorded and is noted in the data listings (See Fig. A 

Fourth, a position potentiometer, as an integral part of the 
motor actuator, was connected to the recorder amplifier, and 
a plot of 900 open to close, valve disc rotation was recorded.  
This plot enabled a relationship between position versus the 
other measured variables to be recorded, thereby tying together 
all variables as an expression of disc angle. It then becomes 
a relatively simple task to read pressure drop, torsional 
loading and temperature change as a function of position angle.  

Torque Calculations: 

The standard formula for applied dynamic torque for butterfly 
valves: 

3 
Td = C x D x AP EQ. 1.  

where: T = Dynamic value torque in ft-lbs.  
d 

CT = Torque coefficient determined from test data.  

AP = Total pressure drop measured acorss valve (psi).  

D = Valve bore diameter (ft.) 

Valve torque coefficients (C ) were compute by solving the 
above formula for C , and by utilizing test data for valves 
of T (ft-lbs.) and AP (psi). Therefore, C values for the 
6" Streamseal valve may be expressed: 

CT 8 Td EQ. 2.  

6 3AP 

Therefore, by utilizing C values calculated from test data, 
and plugging in appropria~e pressure.and dimensional values in 
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EQ. 1 an accurate value for the dynamic torque for a known 
pressure drop may be obtained. Pressure drops used in 
calculating torque in a specific application may be obtained 
from the test data as long as inlet pressure corresponds 
with the inlet pressure of the valve in question.  

To obtain total dynamic torque in a specific instance, 
bearing torque (Tb) must also be considered. Although 
not a big factor at high values of inlet pressure (PT 
it begins to figure significantly for low values of 1 
inlet pressure, and may even become the dominating factor 
for low inlet pressure values. Bearing torques are to be 
considered in light of disc behavior under pressure conditions 
in a given application. Depending on disc orientation in 
the line, bearing torque will be subtractive as a function 
of the disc tending to close (+C T) or additive if the disc 
tends to open (-C.) under flow conditions.  

Bearing torque is calculated thus: 

2 
Tb = 4.71 x D x d x f x AP 

where: Tb = Bearing torque (ft-lbs.) 

D = Valve dia (ft.) 

d = Shaft dia. (in.) 

f = Friction Coefficient (.12 for bronze) 

AP = Pressure drop (psi) 

Total torque applied to the shaft therefore is the algebraic 
sum of the dynamic torque plus the bearing torque. This torque 
value is the quantity required to overcome forces operating 
on both the valve disc and the shaft. The total torque required 
to move the disc against a given inlet pressure is a function 
of a number of variables operating simultaneously: Disc Angle, 
Pressure Drop, Disc Geometry (t/d ratio), Shaft Diameter, Shaft 
Disc orientation relative to upstream piping components, and 
degree of pressure recovery downstream of the valve. Pressure 
recovery downstream of the valve was determined during testing, 
as presenting a less severe loading to the disc structure 
than the methods employed in this program, and therefore was 
not included as it was considered that the methods employed 
presented a worst case situation to applications encountered 
in the field.  

Calculating Torque Values for Field Applications: 

Procedure for calculating torque values for larger valves 
Ref to Appendix 1 

1. Determine t/d ratio for valve: Disc Thickness (in.) 
Disc Diameter (in.) 
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2. Select appropriate Test No. based on: 

a.) t/d ratio 
b.) Valve Shaft Position 
c.) Curved or Flat Upstream Disc Face.  

3. Determine maximum-AP across valve.  

4. Select appropriate plot based on AP above.  

5. Determine CT values for disc angles.  

3 6. Apply torque formula: T = C x D3 x AP for each disc angle.  
d T 

7. Calculate Bearing Torque: Tb = 4.7lxD xdxAP for each 
disc angle.  

NOTE: AP = Pressure drop noted on curve plot data 
b sheet for each.disc angle.  

8. Obtain total torques for each disc angle.  

9. Refer to AWWA Std. C504 for maximum operating shaft torques.  

10. Determine operator output torques for each disc angle.  

In comparing operator output torques to total dynamic valve 
torques, consideration should be given to both operator 
capacity and to maximum shaft capacity. In most cases, the 
governing variable will.be the ability of the actuator 
to control the dynamic forces applied to the disc and shaft.  

Test Results: 

Valve inlet pressures for this series of tests were established 
at 75 psia (60.3 psig). Subsequently, readings were taken 
at 10 psig intervals, until 10 psig inlet pressure readings 
were obtained.. Analysis of the data for the thickest disc 
(t/d=.29) subjected to these pressure conditions indicate that 
torques obtained from inlet pressures ranging from 60 psig to 
10 psig, will fall well below the maximum rated torque of 100 
ft. lbs. for the valve shaft. This indicates that larger valves 
based on this design may be expected to behave likewise. Torque 
characteristics observed under air flow conditions exhibited 
similar plot profiles as those previously published for water 
data, thereby verifying as valid the original design approach 
to the method of valve sizing.  

Test results also indicate that a thicker disc will produce 
a greater torsional loading on the shaft due to greater 
aerodynamic effects acting on the disc surface. The apparent 
camber of the disc surface influences the magnitude of the 
rotational moment similar to the lift of an airfoil. Smaller 
t/d ratios exhibited less tendency for the disc to load the 
shaft under flow conditions. Disc face geometry will also 
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greatly influence the torsional loading on the shaft. Con
sistently lower torque values were observed with the flat face 
of the disc located on the upstream side (when closed) of 
the valve. Higher torques were observed when the curved face 
of the disc was presented to the upstream flow. As expected, 
peak torques were experienced by the valve in all cases when 
the valve achieved an angle of approximately 700-750 open, with 
the shaft torque diminishing as the disc approached 00 open.  

Another consideration that must be taken into account in 
determining peak shaft torques, is the relative position 
of the shaft to the plane of an upstream fitting or elbow.  
An increase in applied shaft torque was observed when the 
valve was mounted at 900 to the plane of the elbow on the 
inlet side.. See Fig. 12.  

As is characteristic of butterfly valves, the disc will 
exhibit a tendency to close or to open under flow conditions, 
as mentioned above. If the curved face of the valve disc 
is facing upstream the valve will tend to close, and conversely, 
if the flat face is upstream the valve will tend to open.  
With the lower t/d ratios, torque reversal will occur in 
most instances, especially for higher values of pressure drop.  
C values generated calculation incorporating these torque 
figures will indicate the tendency 'for the valve to close 
by being positive (+) when tending to close, and negative (-) 
when tending to open.  

Conclusions 

The test program has demonstrated that torque characteristics 
exhibited by the streamseal butterfly valve are very dependent 
on a number of considerations. Initially, a determination 
of the location of the valve relative to upstream conditions 
must be evaluated. The existence of an elbow or other 
interference in flow direction, in the immediate upstream 
vicinity, will be a factor in determining the placement of 
the shafts relative to the plane of the elbow. A reduction 
of shaft torque due to flow separation will be achieved by 
placing the valve shaft centerlines in the same plane as the 
elbow radii.  

Second, upstream facing disc geometry is important, as it 
too has a direct bearing on the intensity of the torque applied 
to the shaft. Curved side facing upstream will apply a greater torque to close the valve than if the flat side of the disc were 
facing upstream.  

Third, as was previously known the t/d ratio influences the 
magnitude of the applied shaft torque, whereas the thicker 
the disc cross section, the greater the aerodynamic effects 
and consequent increase in applied torque. The t/d ratio also 
gives a clue as to the relative shaft diameter. That becomes 
important when determining the bearing torque, as a greater 
shaft diameter necessitates a greater disc cross section.  
Shaft diameters must be considered not only for the ability 
to withstand dynamic forces, but must also be sized with respect 
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to static shear forces under full load shut-off conditions.  
Hence an ideal t/d ratio is one that optimizes the 
minimum aerodynamic effects of the disc cross section to adequate 
shaft diameters supporting both static and dynamic loads.  

In consideration of the above, it is indicated that the 
worst case, with the highest applied shaft torque under 
any given pressure drop would be when the valve is close 
mounted to an elbow, at right angles to the plane of the 
radius and installed with the curved side upstream. Decreasing 
levels of shaft torque are indicated as each of the above parameters 
(Refer to Fig. 12) are changed or modified until the lowest 
level of shaft torque is attained when the shafts 
are in plane to the elbow, and the flat side of the disc 
is facing upstream (Refer to Fig 9). Therefore a pertinent 
recommendation would be to mount the butterfly valves in 
question as described in the latter case above whenever 
possible. A further conclusion can be made, that for a 
specific application accurate calculation of torques under 
existing conditions and recalculation of expected torques 
when the conditions are modified can be effected by employing 
the data given by curve plot, tabulation and formulas given 
in this report.  
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Appendix I 

STREAMSEAL 6" BFV Valve Tests 

Upstream Inlet Valve Valve 
Test # t/d Face Pressure Inst. Position Fig. No.  

PSIA 
(Range) 

21 .29 Flat 75-25 Pin/Pout In Plane 9 

22 .29 Curved 75-25 Pin/Pout In Plane 11 

23 .29 Curved 75-25 Pin/Pout 900 to RT. 12 

24 .29 Flat. 75-25 Pin/Pout 900 to RT. 10 

25 .12 Flat 75-25 Pin/Pout In Plane 9 

26 .12 Curved 75-25 Pin/Pout In Plane 11 

27 .12. Curved 75-25 Pin/Pout 900 to RT. 12 

28 .12 Flat 75.4-25 Pin/Pout 900 to RT. 10 

29 .17 Flat 75-28 Pin/Pout In Plane 9 

30 .17 Curved 75-28 Pin/Pout In Plane 11 

31 .17 Curved 76.4-28 Pin/Pout 900 to RT. 12 

32 .17 Flat 75.4-28 Pin/Pout 900 to RT. 10 
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est 21 Pr1 = 10 PSI 

oOpen P P AP T C Temp OF 
1 2 D T.  

90 5 3 2 -6.3 -25.2 7.1 

80 5.5 2.5 3 -3.1 -8.3 8.4 

70 6 2 4 0 0 9.8 

60 7.5 1.5 6 0 0 11.1 

50 8.5 1 7.5 0 0 11.8 

40 9.5 1 8.5 0 0 12.5 

30 10 0 10 0 0 13.2 

20 10 0 10 0 0 13.8 

10 10 0 10 0 0 13.8 

0 10 0 10 0 0 13.8 

Test 21 15 PSI 

90 -7.5 4.5 3 -9.4 -25.1 6.4 

;80 8 4 4 -5.5 -11.0 7.8 

70 10 3 7 -5.5 -6.3 9.8 

60 11 3 8 -3.9 -3.9 11.8 

50 12.5 2.5 10 -3.9 -3.1 12.5 

40 14 2 12 -5.5 -3.7 13.2 

30 14.5 1 13.5 -3.1 -1.8 13.8 

20 15 0 15 -2.0 -1.1 14.5 

10 15 0 15 -2.4 -1.3 15.2 

0 15 0 15 -5.9 -3.1 15.2 
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. est 21 20 PSI 

oOpen P P AP TD C Temp OF 
1 2 DT 

90 10 5.5 4.5 -16.5 -29.3 7.8 

80 10.5 5 5.5 -13.8 -20.1 8.4 

70 14 4 10 -13.8 -11.0 10.5 

60 15 3 12 -13.8 -9.2 11.8 

50 16.5 2 14.5 -11.8 -6.5 13.8 

40 18 1.5 16.5 -9.8 -4.5 15.2 

30 19 1 18 -6.3 -2.8 16.5 

20 20 .5 19.5 -3.9 -1.6 17.2 

10 20 0 20 -9.8 -3.9 17.9 

0 20 0 20 -11.8 -4.7 17.9 

1@est 21 30 PSI 

90 17.5 7 10.5 -30.7 -23.4 13.2 

80 20 7 13 -24.8 -15.3 13.8 

70 22.5 6 16.5 -24.8 -12.0 16.5 

60 25 5 20 -25.9 -10.4 18.5 

50 28.5 4 24.5 -25.9 -8.5 19.9 

40 29 3 26 -24.8 -7.6 21.2 

30 30 2 28 -16.5 -4.7 21.9 

20 31 1 30 -15.7 -4.2 22.6 

10 31 1 30 -16.5 -4.4 22.6 

0- 31 1 30 -16.5 -4.4 22.6 
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Test 21 40 PSI 

oOpen P P AP T Cm Temp OF 
1 2 D 

90 25 12.5 12.5 -41.3 -26.4 20.6 

80 25 12.5 12.5 33.0 -21.1 21.9 

70 30 12 18 -33.0 -14.7 23.9 

60 30.5 8 22.5 -33.0 -11.7 25.3 

50 35 6 29 -41.3 -11.4 28.0 

40 35 4 31 -33.0 -8.5 29.3 

30 35.5 4 31.5 28.1 -7.1 30.7 

20 38 4 34 -24.8 -5.8 31.3 

10 40 3 37 -24.8 -5.4 31.3 

0 40 2 38 -24.8 -5.2 31.3 

8*est 21 50 PSI 

90 34.0 16.5 17.5 -42.9 -19.6 32.0 

80 33.0 16.0 17.0 -36.3 -17.1 33.3 

70 37.5 15.0 22.5 -39.6 -14.1 36.0 

60 40.0 12.5 27.5 -41.3 -12.0 38.1 

50 43.0 9.0 34.0 -46.2 -10.9 38.7 

40 46.0 6.5 39.5 -47.9 -9.7 40.1 

30 47.0 5.0 42.0 -39.6 -7.5 40.7 

20 47.5 3.5 44.0 -33.0 -6.0 41.4 

10 49.0 2.5 46.5 -28.1 -4.8 42.1 

0- 49.0 1.5 47.5 -24.8 -4.2 42.1 
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est 21 60 PSI 

0 Open P P AP T C Temp OF 
1 2 D T 

90 40 17.5 22.5 -41.3 -14.7 39.4 

80 40 17.5 22.5 -41.3 -14.7 40.7 

70 45 17.5 27.5 -41.3 -12.0 43.4 

60 47.5 12.5 35 -49.5 -11.3 45.5 

50 50 10 40 -57.8 -11.6 47.5 

40 54 7.5 46.5 -57.8 -9.9 49.5 

30 55 5 50 -49.5 -7.9 50.2 

20 55 5 50 -41.3 -6.6 50.8 

10 55 1 54 -41.3 -6.1 51.5 

0 57 0 57 -33.0 -4.6 51.5 

6/6015
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est 22 P = 10 PSI 
T w 1 

0 Open P1  P2  AP TD CT TempOF 

90 4 3 1 8.3 66.4 5.1 

80 5 3 2 16.5 66 6.4 

70 5.5 2 3.5 16.5 37.7 8.4 

60 7 2 5 16.5 26.4 10.5 

50 8 1.5 6.5 16.5 20.3 11.8 

40 9 1 8 14.9 14.9 11.8 

30 10 .5 9.5 11.0 9.3 13.2 

20 10 .5 9.5 3.1 2.6 13.2 

10 10 .5 9.5 -3.1 -2.6 13.2 

0 10 0 10 -3.1 -2.5 13.2 

* est 22 15 PSI 

90 6.5 3 3.5 16.5 37.7 5.1 

80 9 3 6 24.8 33.1 6.4 

70 9 2.5 6.5 27.5 33.8 8.4 

60 10 2 8 24.8 24.8 10.5 

50 11 1.5 9.5 22.0 18.5 11.8 

40 12 1 11 16.5 12 11.8 

30 13 1 12 13.8 9.2 12.5 

30 13 0 13 3.1 1.9 12.5 

10 13 0 13 -3.1 -1.9 12.5 

0~ 13 0 13 -3.1 -1.9 12.5 

6/489185
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Test 22 20 PSI 

oOpen P1  P2  AP T CT Temp OF 

90 10 4 6 22 29.3 6.4 

80 13 3 10 33 26.4 8.4 

70 14 2.5 11.5 33 23.0 10.5 

60 15 2 13 33 20.3 11.8 

50 18 2 16 28 14 13.8 

40 19 1.5 17.5 24.8 11.3 15.2 

30 19.5 1 18.5 16.5 7.1 15.2 

20 20 0 20 3.1 1.2 15.2 

10 20 0 20 -3.1 -1.2 15.8 

0 20 0 20 -3.1 -1.2 15.8 

* est 22 30 PSI 

90 17 8 9 29.5 26.2 11.8 

80 20 6 14 44.0 25.1 13.2 

70 22 5 17 44.0 20.7 15.8 

60 24 4 20 38.5 15.4 17.2 

50 25.5 3 22.5 33.0 11.7 18.5 

40 27 1.5 25.5 25.9 8.1 18.5 

30 29 0 29 17.3 4.8 19.2 

20 30 0 30 0 0 19.9 

10 30 0 30 -7.1 -1.9 19.9 

0 30 0 30 -6.3 -1.7 19.9 

6/1139



DAAWING NUMBR LITHO IN U..A. ATIA *C W4/-G 

ENGINEERING CALCULATION SHEET A' t_-_No 

ALIS-O4MALMES 6oM s715t 

.L// ,~iesard/assez M/ Voreor pr 

-P rp ars,wfita a fsedodt * T C</1 i AlP 
.. wt~fMC-re-1J a!~ -

'I)A 

I 1I11 t i l 1 

i f I ; 

I I! I i t I t 

____I__ I _2A__he I I I I s._ 

I t I I I 

I I I 

i tI I II 

I l lf Iil 

i t I 1 1 I I a l i t i l l i l i I 

( 1 I l l a t I l l i 

SIi I I! 

I II I 1 1 J 

di ! I i it 

Cit 

till I i3l 40 l7 

i l l Il I i t I t Lo " t 

ill 401 50l (1 70 450 
Disc Ai l 7g/&i Cll l0 I rlt )



SUBJE4PRLI. NNG O 

DRAWING NUMAR LTO IN U..A.*A*C CALCULATED By W-7 G 

ENGINEERING CALCULATION SHEET 
ALLIS.DALMEs PoM 7MtI 

Vabram d/e-/thA:-dheQs Wo d/omaine est/o 

......... Aidya/..Apw..#.>M-oras C tf 

11 1 1 11 t i l I~ I , , 

I f I I 

1 1 I 1 

I fil I III I -

3c Sl I I I 1 1 1 

li Ii t i t I ' I 

4C e GO 70 CC) III 

flI lil il i 4 1D I li 0/ (Cl Cli !-)l t



* est 22 40 PSI 

0 Open Pp P2  AP TD CT TempOF 

90 25 12 13 38.5 23.7 19.9 

80 29 9.5 19.5 55 22.6 21.9 

70 30 8 22 55 20 23.9 

60 33 7 26 49.5 15.2 25.3 

50 35 5 30 44 11.7 27.3 

40 37.5' 3 34.5 33 7.7 28.6 

30 38 2 36 22 4.9 29.3 

20 38 1 37 3.9 .8 30.0 

10 39 0 39 -11.0 -2.3 30.0 

0 40 0 40 -5.5 -1.1 30.0 

R est 22 50 PSI 

90 34 16 18 49.5 22 32.0 

80 35 15 20 66.0 26.4 33.3 

70 38.5 13 25.5 66.0 20.7 35.4 

60 38.5 13 25.5 54.6 17.1 37.4 

50 44 8 36 49.5 11 38.7 

40 45 5 40 41.3 8.3 39.4 

30 47 3 44 33.0 6 39.4 

20 47.5 2 45.5 8.3 1.5 40.1 

10 48 1 47 -5.5 -.9 40.1 

0- 49 1 48 -8.3 -1.4 40.1
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est 22 60 PSI 

0 Open P 2 AP TD C Temp OF 

90 40.5 17 23.5 57.8 19.7 37.4 

80 40 16 24 66.0 22 38.7 

70 43.5 15.5 28 66.0 18.9 41.4 

60 45 32.5 32.5 66.0 16.2 43.4 

50 52.5 10 42.5 57.8 10.9 45.5 

40 56 7 49 47.2 7.7 46.1 

30 57.5 3.5 54 33.0 4.9 46.8 

20 59 3 56 7.9 1.1 46.8 

10 59.5 2 57.5 -6.3 -.9 46.8 

0 59.5 2 57.5 -9.8 -1.4 46.8 

I/7R4
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Test 23 PT 10 PSI 

0 Open P P AP T CT Temp OF 

90 4 3 1 8.3 66.4 5.1 

80 5 3 2 16.5 66.0 5.1 

70 5.5 2 3.5 18.1 41.4 8.4 

60 6 1.5 4.5 18.1 32.2 10.5 

50 7 1.5 5.5 17.3 25.2 11.1 

40 8 1 7 16.5 18.9 11.8 

30 9 1 8 11.0* 11.0 11.8 

20 9 .5 8.5 5.5 5.2 11.8 

10 10 .5 9.5 0 0 11.8 

0 10 .5 9.5 0 0 11.8 

O Test 23 P = 15 PSI 
T 
1 

90 6 3 3 13.8 36.8 5.1 

80 7 1 3 27.5 73.3 5.1 

70 9 3 6 27.5 36.7 8.4 

60 10 3 7 27.5 31.4 10.5 

50 11 2..5 8.5 24.8 23.3 11.8 

40 12 2 10 22..0 17.6 11.8 

30 13 1.5 11.5 14.9 10.4 11.8 

20 14 1 13 5.5 3.4 11.8 

10 14 1 13 0 0 11.8 

0 14 1 13 0 0 11.8 

6/9940
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Test 23 Pr =20 PSI 
1 

o Open P1 2 D CT Temp OF 

90 10 4 6 22.0 29.3 5.1 

80 12.5 6 6.5 33.0 40.6 7.8 

70 14 3.5 10.5 34.6 26.4 9.8 

60 15 3 12 33.0 22.0 11.8 

50 17.5 2 15.5 33.0 17.0 13.2 

40 18.5 1 17.5 27.5 12.6 13.8 

30 19 .5 18.5 16.5 7.1 15.2 

20 20 0 20 5.5 2.2 15.2 

10 20 0 20 -2.8 -1.1 15.2 

0 20 0 20 -2.8 -1.1 15.2 

Test 23 P =30 PSI 
T 

90 19 7.5 11.5 33.0 23.0 11.8 

80 20 8 12 49.5 33.0 11.8 

70 22 6.5 15.5 49.5 25.5 15.2 

60 25.5 5 20.5 49.5 19.3 17.2 

50 26 3.5 22.5 41.3 14.7 17.9 

40 27.5 2.5 25.0 33.0 10.6 18.5 

30 28 1.5 26.5 22.0 6.6 18..5 

20 29 1 28 5.5 1.6 18.5 

10 29 1 28 -5.5 -1.6 19.2 

0 29 1 28 -5.5 -1.6 19.9 

6/700160
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Test 23 P =40 PSI 
0 

T 

0 Open P P 2P TD CT Temp OF 

90 25 12.5 12.5 49.5 31.7 18.5 

80 28 11 17 57.8 27.2 20.6 

70 30 9.5 20.5 60.5 23.6 22.6 

60 34 8.5 25.5 55.0 17.3 23.9 

50 37 5.5 31.5 49.5 12.6 25.3 

40 38 4 34 38.5 9.1 25.9 

30 40 3 37 27.5 . 5.9 26.6 

20 40 2 38 6.7 1.4 27.3 

10 40 1 39 -6.7 -1.4 27.3 

0 40 1 39 -9.8 -2.0 28.0 

Test 23 P 50 PSI T 

90 34 15.5 18.5 57.8 25.0 29.3 

80 35.5 14.5 21 66.0 25.1 32.0 

70 39 13.5 25.5 66.0 20.7 33.3 

60 44 10.5 33.5 59.0 14.1 35.4 

50 - 45 8 37 55.0 11.9 36.0 

40 46 5 41 41.3 8.1 36.7 

30 48 3.5 44.5 33.0 5.9 37.4 

20 48.5 2 46.5 7.1 1.2 38.1 

10 49 2 47 -5.5 -.9 38.7 

0 49 2 47 -8.3 -1.4 38.7 

6/6867
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Test 23 P = 60 PSI 
T w1 

0 Open P P AP T C Temp IF 

90 40 16 24 49.5 16.5 32.0 

80 40 15 25 66.0 21.1 34.0 

70 41 12 29 71.5 19.7 36.7 

60 48 11 37 66.0 14.3 38.7 

50 50 8 42 60.5 11.5 40.7 

40 54 6 48 41.3 6.9 42.1 

30 55 3 52 33.0 5.1 43.4 

20 55 2 53 5.5 .8 44.1 

10 56 1 55 -5.5 -.8 44.1 

0 56 1 55 --8.3 -1.2 44.1 

6/7400
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Test 24 P = 10 PSI 

W 1 
oOpen P P AP T C Temp IF 

p1  2 D T Tm 0 

90 4 2.5 1.5 -6.6 -35.2 6.4 

80 5 2.5 2.5 -11.6 -37.0 6.4 

70 5 2.0 3.0 -6.6 -17.6 8.4 

60 6 2.0 4.0 0 0 10.5 

50 7.5 1.5 6.0 0 0 11.8 

40 8 1.0 7.0 -3.3 -3.8 11.8 

30 9 1.0 8.0 -1.7 -1.7 13.2 

20 10 0.5 9.5 0 0 13.2 

10 10 0.5 9.5 -3.3 -2.8 13.2 

0 10 0.5 9.5 -6.6 -5.6 13.2 

Test 24 P = 15 PSI 
T 1 

90 6 *2.5 3.5 -16.5 -37.7 5.8 

80 6 2.5 3.5 -13.3 -3.04 7.1 

70 9 2.5 3.5 -5.0 -6.2 9.1 

60 10 2.0 8.0 -3.3 -3.3 11.8 

50 11 1.0 10.0 -3.3 -2.6 12.5 

40 12 1.0 11.0 -3.3 -2.4 13.2 

30 12.5 0 12.5 -3.3 -2.1 13.2 

20 12.5 0 12.5 -3.3 -2.1 13.2 

10 12.5 0 12.5 -3.3 -2.1 13.2 

12.5 0 12.5 -3.3 -2.1 13.2 

6/4773
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Test 24 P =20 PSI 
T w1 

oOpen 1 P AP T C Temp OF 
1 2 D TTenF 

90 10.0 5.0 5.0 -21.5 -34.3 6.4 

80 10.0 4.0 6.0 -23.1 -30.8 6.4 

70 12.5 3.5 9.0 -16.5 -14.7 9.8 

60 15.0 3.0 12.0 -13.2 -8.8 11.8 

50 15.5 2.5 13.0 -11.6 -7.1 13.2 

40 17.5 20.0 15.5 -11.6 -6.0 14.5 

30 17.5 1.5 16.0 -8.3 -4.1 15.2 

20 18.5 1.0 17.5 -5.0 -2.3 15.2 

10 19.5 1.0 18.5 -8.3 -3.6 15.8 

0 19.5 0.5 19.0 -11.6 -4.9 15.8 

Test 24 P = 30 PSI 
-1 

90 17.5 7.5 10.0 -33.0 -26.5 12.5 

80 20.0 5.5 14.5 -33.0 -18.2 15.2 

70 21.0 4.5 16.5 -29.7 -14.4 17.2 

60 25.0 3.5 21.5 -24.6 -9.2 18.5 

50 27.5 2.5 25.0 -24.6 -7.9 19.9 

40 30.0 2.0 28.0 -19.8 -5.7 20.6 

30 30.0 1.0 29.0 -16.5 -4.6 21.9 

20 30.0 1.0 29.0 -16.5 -4.6 21.9 

10 30.0 1.0 29.0 -24.8 -6.8 21.9 

0 30.0 1.0 29.0 -19.8 -5.5 21.9 

6/3893
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Test 24 P =40 PSI 
T 

oOpen P P AP T C Temp OF 
1 2 D T Tm 0 

90 25 12.5 12.5 -41.3 -26.4 21.2 

80 25 11.0 14.0 -41.3 -23.6 21.9 

70 30 10.0 20.0 -33.0 -13.2 23.9 

60 32 7.5 24.5 -33.0 -10.8 26.6 

50 35.0 5.0 30.0 -33.0 -8.8 28.6 

40 36.0 3.0 33.0 -33.0 -8.0 30.0 

30 37.0 3.0 34.0 -24.8 -5.8 30.7 

20 38.0 3.0 35.0 -16.56 -3.8 31.3 

10 39.0 3.0 36.0 -24.8 -5.5 32.0 

0 39.0 3.0 36.0 -24.8 -5.5 32.0 

Test 24 P =50 PSI 
w1 

90 30.0 17.5 12.5 -49.5 -31.7 33.3 

80 34.0 15.0 19.0 -47.9 -20.2 34.7 

70 35.0 12.5 22.5 -42.9 -15.3 36.0 

60 40.0 12.5 27.5 -39.6 -11.5 37.4 

50 43.5 16.0 27.5 -42.9 -12.5 40.1 

40 45.0 17.5 27.5 -42.9 -12.5 41.4 

30 47.0 19.0 28.0 -33.0 -9.3' 42.1 

20 47.5 20.0 27.5 -28.0 -8.2 42.1 

10 48.5 21.5 27.0 -29.7 -8.8 42.1 

0 48.5 21.5 27.0 -33.0 -9.8 42.1 

6/2201
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Test 24 P = 60 PSI 

oOpen P P AP TD CT Temp IF 

90 40.0 17.5 22.5 -46.2 -16.4 37.4 

80 40.0 16.0 24.0 -47.9 -16.0 37.4 

70 40.0 15.0 25.0 -47.9 -15.3 38.7 

60 42.0 12.5 29.5 -46.2 -12.5 41.4 

50 47.5 10.0 37.5 -47.9 -10.2 45.5 

40 54.0 6.0 48.0 -49.5 -8.3 46.8 

30 55.0 5.0 50.0 -41.3 -6.6 47.5 

20 56.0 3.0 53.0 -33.0 -5.0 48.2 

10 57.5 1.5 56.0 -28.1 -4.0 48.8 

0 57.5 1.5 56.0 -41.3 -5.9 48.8 

6/700155
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Test 25 P = 10 PSI 

90 5 2.5 2.5 .69 2.21 8.4 

80 4 2.5 1.5 2.75 14.67 9.1 

70 6 2.5 3.5 3.44 7.86 11.8 

60 7 2.5 4.5 2.75 4.89 13.2 

50 8 1.5 6.5 1.38 1.70 15.2 

40 9 1.0 8.0 -.34 -.34 16.5 

30 10 1.0 9.0 -.34 -.30 17.2 

20 10 0 10.0 -.59 -.47 17.2 

10 10 0 10.0 -.25 -.20 17.2 

0 10 0 10.0 -1.72 -1.38 17.2 

00 
6/700087



CUSTOMER DATE 

I/r F7ow Tsts 4A54/1say/ oeweh g Center_ , 1v. v. sm77 ? SE 7 
SUJECT MELIM. FINAL 

AWING NUMBER ITMO IN U.S.A.-A*C CALCULATED By 

ENGINEERING CALCULATION SHEET 
Test Mo.25 

ALLIS-CHALMERS FORM 6715.1 

J&/s'e dscj5fbadness - / ar.mater rs//o* J/ -_____ 

al//stestreamwprse 15 "s, V//e.orresi/o a r Ry 9 
To7r91.e eywoflow/D .fe o'i cos)/Ca4:$ L 1 "=_Cr ar ar ____ 

!A#ere.7d ./s thedyna/sm/c .. 7 orf in Act.-poweds. C r Vi e fa4 o'r 

-- ___ oefficnt_ s~ theis's/,' oda ree / v fee a, is we____ 

afr/'~ p'essw edi'op. aces ee /___e.__________.  

Blom= 

.11 

0 I0 20 30 50**** 6 0 ~ ____ 

A' So )



CUSTOMER DATE 

,%/,/7/w Tes_ A's/oge facth Ce . No&-.42". ;979 -- SHEET oF 

Se idrrea sed/ P/ELIA. j P* 

AING NUMBER LITHe IN Us.A.*A.C CALCULATED pY 1 

ENGINEERING CALCULATION SHEET 
Test ANo. 25 

ALLISCH4ALMERS FORM 6715 7 .  

Val__d_____ Aellns IUo dsoerd/o.: ./2__ ___ 

-- s.b'*/// /psteam pressw. *20 /o 

To e7 7/Dlow o"Pame///,k" _ .p ___Cr ** AP 

-w/se r-./s /te d4yamic P .At -P"wsC /V Me or 
~coffic n, - /s V4e~~se. aloe/c .A ef ., so' P isd___ 

___ 25 

4 

20 o s 

7o so.o o 

1 -T 

-!# 

~ 0 I0 20 o 0 50 0 s q



Test 25 P = 15 PSI 

oOpen P P AP TD CT Temp OF 

90 5.0 2.5 2.5 .69 2.21 5.1 

80 6.0 2.5 3.5 3.09 7.06 8.4 

70 9.0 2.0 7.0 3.44 3.93 11.1 

60 10.0 1.5 8.5 2.06 1.94 12.5 

50 11.0 1.0 10.0 1.03 .8 13.8 

40 11.5 0.5 11.0 0 0 15.8 

30 12.0 0 12.0 -1.03 -. 69 16.5 

20 12.0 0 12.0 -1.38 -. 92 16.5 

10 12.0 0 12.0 -1.38 -. 92 16.5 

0 12.0 0 12..0 -2.06 -1.37 16.5 

* Test 25 PT = 20 PSI 

90 7.0 4.0 3.0 -1.03 -2.75 5.1 

80 10.0 4.0 6.0 3.09 4.12 7.1 

70 14.0 3.0 11.0 3.44 2.50 11.8 

60 16.0 2.5 13.5 2.06 1.22 15.2 

50 17.5 2.0 15.5 1.47 .76 18.5 

40 18.0 1.0 17.0 .34 ..16 18.5 

30 19.0 0.5 18.5 -. 34 -. 15 18.5 

20 20.0 0 20.0 -2.06 -. 82 18.5 

10 20.0 0 20.0 -1.03 -. 41 18.5 

0 20.0 0 20.0 -2.36 -. 94 18.5 

6/5652
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* est 25 P 1= 30 PSI 

oOpen P P AP T C Temp OF 
1 2 D T 

90 12.5 7.5 5.0 -9.28 -14.8 9.8 

80 14.0 6.5 7.5 .25 .27 10.5 

70 22.0 5.5 16.5 2.41 1.17 17.2 

60. 25.0 4.5 20.5 1.38 .54 20.6 

50 26.5 2.5 24.0 .69 .23 23.3 

40 29.0 1.5 27.5 .69 .20 24.6 

30 29.0 1.5 27.5 -1.72 -. 50 25.3 

20 29.0 1.5 27.5 -4.13 -1.20 25.3 

10 29.0 1.5 27.5 -5.16 -1.50 25.3 

29.0 1.5 27.5 -2.06 -. 60 25.3 

Test 25 P = 40 PSIG 
T 

.90 18 12 6 -14.8 -19 8 17.9 

80 19 11 8 -3.7 -3.7 18.5 

70 28 10 18 2.1 .91 21.9 

60 33 7 26 1.03 .32 30.0 

50 36 4 32 -. 4 -. 1 32.0 

40 38 2.5 35.5 -1.03 -. 23 33.3 

30 39 2 37 -1.2 -.27 34.0 

20 39 1 38 -6 -1.26 34.0 

10 39 1 38 -8.25 -1.73 34.0
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Test 25 Pm =6 PSIG 

Disc Angle P P AP T C Temp OF T P D TTepF 
5 6 

90 18 12 6 -14.8 -19.8 17.9 

90 19 11 8 -3.7 -3.7 18.5 

70 28 10 18 2.1 .91 21.9 

60 33 7 26 1.03 .32 30.0 

50 36 4 32 -.4 -.1 32.0 

40 38 2.5 35.5 -1.03 -. 23 33.3 

30 39 2 37 -1.2 -.27 34.0 

20 39 1 38 -6 -1.26 34.0 

10 39 1 38 -8.25 -1.73 34.0 

@ Test 25 P =50 PSI WTi 
oOpen Pl 2 D C Temp O 

90 24 16.5 7.5 -17.19 -18.34 30.7 

80 26 14.5 11.5 -3.09 -2.15 32.0 

70 37 13.5 23.5 2.06 .70 38.7 

60 42 10.0 32.0 1.03 .26 42.1 

50 44 6.5 37.5 -1.03 -.22 45.5 

40 47 3.5 43.5 -2.06 -.38 45.5 

30 48 2.0 46.0 -1.03 -.18 45.5 

20 48 1.0 47.0 -8.25 -1.40 45.5 

10 48 1.0 47.0 -9.63 -1.64 45.5 

0 48 1.0 47.0 -6.88 -1.17 45.5 

6/124284
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Test 26 P = 10 PSI 
1 

oOpen P 2 AP TD CT Temp OF 

90 4.0 2.5 1.5 5.2 27.7 9.1 

80 4.5 2.0 2.5 6.6 21.1 10.5 

70 5.0 2.0 3.0 6.8 18.1 11.8 

60 7.0 1.5 5.5 5.0 7.3 13.8 

50 8.5 1.0 7.5 2.7 2.9 15.8 

40 9.0 0.5 8.5 1.0 0.9 17.2 

30 10.0 0 10.0 -0.6 -0.5 17.9 

20 10.0 0 10.0 -0.6 -0.5 17.9 

10 10.0 0 10.0 -0.8 -0.6 17.9 

0 10.0 0 10.0 -2.1 -1.7 17.9 

Test 26 P = 15 PSI 
T1 

90 5.0 3.0 2.0 7.0 28.0 6.4 

80 5.5 2.5 3.0 8.5 22.7 7.8 

70 8.0 2.5 5.5 8.3 12.1 11.8 

60 9.5 2.0 7.5 6.0 6.4 13.8 

50 11.0 1.5 9.5 3.5 2.9 15.8 

40 12.0 1.0 11.0 1.0 0.7 16.5 

30 12.0 1.0 11.0 -0.6 -0.4 17.2 

20 12.0 0.5 11.5 -0.6 -0.4 17.2 

10 12.5 0.5 12.0 -1.7 -1.1 17.2 

0 12.5 0.5 12.0 -3.3 -2.2 17.2 

6/135616
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Test 26 P = 20 PSI T1 
oOpen P P P T C Temp OF 

90 7.0 3.5 3.5 10.3 23.5 6.4 

80 10.0 3.0 7.0 13.2 15.1 8.4 

70 13.5 3.0 10.5 11.1 8.5 11.8 

60 15.5 2.5 13.0 8.5 5.2 15.8 

50 18.0 2.0 16.0 4.7 2.3 17.9 

40 19.0 1.5 17.5 1.2 0.5 18.5 

30 19.5 1.0 18.5 -1.0 -0.4 18.5 

20 20.0 0.5 19.5 -1.2 -0.5 18.5 

10 20.0 0.5 19.5 -1.7 -0.7 18.5 

0 20.0 0.5 19.5 -3.5 -1.4 18.5 

Test 26 P = 30 PSI 

~1 

90 12.5 .7.5 5.0 14.9 23.8 11.8 

80 16.0 7.5 8.5 16.1 15.2 13.8 

70 22.0 7.0 15.0 12.8 6.8 18.5 

60 25.0 3.5 21.5 9.9 3.7 22.6 

50 27.5 3.0 24.5 5.6 1.8 23.9 

40 29.5 2.5 27.0 0.1 0.03 25.3 

30 29.5 2.0 27.5 -0.2 -0.06 25.3 

20 29.5 2.0 27.5 -2.5 -0.7 25.3 

10 29.5 2.0 27.5 -2.1 -0.6 25.3 

0 29.5 2.0 27.5 -6.4 -1.9 25.3 

6/8095
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ALLtS.OALMERS FORM 6715-1 
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Test 26 P 40 PSIG 
Tl 

0 Open P P AP T C Temp OF 
2 D T 

90 18 12.5 5.5 18.57 27 19.9 

80 22 11 11 20.63 15 21.9 

70 28 10 18 16.51 7.34 25.9 

60 32.5 7.5 25 11.86 3.79 32.0 

50 35 5 30 8.35 2.23 33.3 

40 37.5 2.5 35 2.46 .56 34.0 

30 38 2.0 36 -2.46 -. 55 34.7 

20 38 2.0 36 -2.46 -. 55 34.7 

10 39 1.0 38 -4.13 -. 87 34.7 

0 40 0 40 -8..25 -1.65 34.7 

Test 26 P = 50 PSI 
T 

90 24.0 17.0 7.0 22.7 25.9 32.0 

80 27.5 15.0 12.5 23.7 15.2 33.3 

70 37.0 13.5 23.5 18.6 6.3 38.7 

60 42.0 10.0 32.0 13.2 3.3 44.1 

50 44.5 17.5 27.0 8.3 2.5 45.5 

40 46.0 18.5 27.5 2.3 0.7 46.8 

30 47.0 19.0 28.0 -2.5 -0.7 46.8 

20 47.0 19.0 28.0 -2.5 -0.7 46.8 

10 48.0 20.0 28.0 -5.6 -1.6 46.8 

0 48.0 21.0 27.0 -10.3 -3.1 46.8 

6/489193
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Test 26 P = 60 PSI 

w 1 
oOpen P p 2  AP TD CT emp a 

90 29.0 18.0 11.0 25.0 18.2 38.7 

80 32.5 17.0 15.5 26.2 13.5 41.4 

70 41.0 16.0 25.0 20.6 6.6 47.5 

60 48.0 12.5 35.5 15.3 3.4 51.5 

50 51.5 7.5 44.0 9.9 1.8 52.9 

40 54.0 4.0 50.0 3.1 0.5 52.9 

30 55.0 2.5 52.5 -2.1 -0.3 53.5 

20 55.0 2.0 53.0 -2.7 -0.4 53.5 

10 55.0 1.5 53.5 -6.2 -0.9 53.5 

0 55.0 1.0 54.0 -10.7 -1.6 53.5
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Test 27 10 PSI 

90 5.0 2.5 2.5 7.2 23.1 

80 6.0 2.5 3.5 9.3 21.2 

70 7.5 2.5 5.0 9.3 14.9 

60 10.0 2.0 8.0 6.2 6.2 

50 10.5 1.5 9.0 4.1 3.7 

40 12.0 1.5 10.5 1.2 0.9 

30 12.5 1.0 11.5 -0.1 -0.07 

20 12.5 1.0 11.5 -1.0 -0.7 

10 12.5 0.5 12.0 -1.7 -1.1 

0 12.5 0.5 12.0 3.5 -2.3 

6/9207
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Test 27 15 PSI 

oOpen P1 2 D C Temp OF 

90 4.0 2.5 1.5 5.6 29.7 not recorded 

80 4.5 2.5 2.0 7.0 28.0 

70 5.0 2.5 2.5 7.2 23.1 

60 6.5 2.0 4.5 5.2 9.2 

50 8.0 1.0 7.0 3.1 3.5 

40 8.0 1.0 7.0 1.2 1.4 

30 9.0 0.5 8.5 -0.1 -0.1 

20 10.0 0.5 9.5 -1.0 -0.9 

10 10.0 0.5 9.5 -1.4 -1.2 

0 10.0 0.5 9.5 -2.7 -2.3 

Test 27 20 PSI 

90 7.0. 5.0 2.0 11.3 45.2 

80 10.0 4.5 5.5 14.0 20.4 

70 12.5 3.0 9.5 12.0 10.1 

60 16.0 2.5 13.5 8.3 4.9 

50 17.5 2.5 15.0 4.7 2.5 

40 19.0 1.0 18.0 2.06 0.9 

30 19.5 1.0 1.5 -0.4 -0.2 

20 20.0 0.5 19.5 -1.9 -0.8 

10 20.0 0 20.0 -2.9 -1.2 

0 20.0 0 20.0 -3.7 -1.5 

6/9274
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Test 27 30 PSI 

Open P P AP T C Temp OF 
1 2DT 

90 12.0 8.0 4.0 15.5 30.9 not recorded 

80 15.0 7.0 8.0 19.0 19.0 

70 19.0 6.0 13.0 16.1 9.9 

60 25.0 5.0 20.0 11.3 4.5 

50 26.5 2.5 24.0 6.1 2.1 

40 27.5 1.5 26.0 2.1 0.6 

30 28.0 0 28.0 0 0 

20 28.0 0 28.0 -2.5 -0.7 

10 28.0 0 28.0 -2.9 -0.8 

0 28.0 0 28.0 -6.4 -1.8 

Test 27 40 PSI 

90 19.0 13.0 4.0 19.6 39.2 17.2 

80 21.5 11.0 10.5 23.7 18.1 18.5 

70 27.5 10.0 17.5 19.8 9.1 23.3 

60 32.5 7.5 25.0 15.1 4.8 27.3 

50 36.0 5.0 31.0 8.7 2.2 30.0 

40 37.5 2.5 35.0 2.9 0.7 31.3 

30 38.0 1.5 36.5 -1.0 -0.2 32.0 

20 39.0 1.0 38.0 -3.1 -0.7 32.0 

10 39.0 0.5 38.5 -4.7 -1.0 32.0 

0 39.0 0 39.0 -8.5 -1.7 32.0 

6/6389
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Test 27 50 PSI 

o Open P P AP T C Temp OF 
1 2 D T 

90 30.0 25.5 4.5 23.7 42.2 26.6 

80 33.0 21.5 11.5 27.6 19.2 28.0 

70 40.0 19.0 21.0 23.1 8.8 34.0 

60 47.5 15.0 32.5 16.5 4.1 38.1 

50 50.0 11.0 39.0 9.3 1.9 39.4 

40 52.5 8.5 44.0 3.1 0.6 40.1 

30 53.0 8.0 45.0 -2.1 -0.4 40.1 

20 53.0 7.5 45.5 -4.5 -0.8 40.1 

10 54.0 7.5 46.5 -6.2 -1.1 40.1 

0 54.0 7.5 46.5 -10.3 -1.8 40.1 

O Test 27 60 PSI 

90 30.0 22.0 8.0 26.8 26.8 34.7 

80 34.0 18.0 16.0 30.9 15.5 37.4 

70 43.0 16.0 27.0 25.2 7.5 43.4 

60 48.0 13.0 35.0 19.4 4.4 46.0 

50 52.0 7.5 44.5 9.9 1.8 48.1 

40 54.5 3.5 51.0 3.7 0.6 48.8 

30 55.0 2.5. 52.5 -1.7 -0.3 48.8 

20 55.0 2.0 53.0 -4.7 -0.7 48.8 

10 55.0 1.5 53.5 -7.4 -1.1 48.8 

0 55.0 0 55.0 -11.6 -1.7 48.8 

0 
6/67 64
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Test 28 10 PSI 

oOpen P P AP T C Temp OF 
1 2 D T Tm 0 

90 4.5 2.5 2.0 1.0 4.1 not recorded 

80 4.5 2.0 2.5 4.1 13.2 

70 5.0 1.5 3.5 4.8 10.8 

60 7.5 1.0 6.5 3.1 3.8 

50 8.5 .5 8.0 1.0 1.0 

40 9.5 0 9.5 0 0 

30 9.5 0 9.5 -0.4 -.3 

20 9.5 0 9.5 -1.0 -.9 

10 9.5 0 9.5 -0.6 -.5 

0 9.5 0 9.5 -1.0 -.8 . Test 28 15 PSI 

90 5.5 2.5 3.0 .7 1.9 

80 5.0 2.0 3.0 5.2 13.8 

70 6.5 2.0 4.5 5.2 9.2 

60 9.5 1.0 8.5 3.7 3.5 

50 10.5 1.0 9.5 1.4 1.2 

40 11.0 1.0 10.0 -.4 -.3 

30 11.5 1.0 10.5 -.6 -.5 

20 12.5 .5 12.0 -1.2 -.8 

10 12.5 .5 12.0 -.6 -.4 

0 12.0 0 12.0 -1.7 -1.1 

6/4009



CUSTOMER DATE 
k/ F/o w rests A74 vs/ a Co"ke. N'v. 1 . 1979 u... 3 or 7 

* / iJrUM EtCiT7 / e f ~ -k ~ b ~ A O G / - S M FIN" L 

DRAWING NURI LIQ140 IN U.S.A..A.C CALCIMATED BY 

ENGINEERING CALCULATION SHEET 
Te-st -No. 4 

ALLIS.CHALMRSf FM 6713-1 

~ ~-

o___ 22)nso od aof'__27 r 2?A 

j I I F i t i 

I 
fF i, I  

-10 

-- 10 1 SO 40 J 7 

IF II itI 

I It F I 

I F 

@1 I T_ 

I- I--- . I. I/5 I F-FTe



CUSTOMER IAT3 

&/ F/oW T'st &# /4A way/y AIss- .&Confer_~ v. No tte.1979 ms 1/ F o 7 

__/_s.-___ me_ ___ tv sel_ ____le__l_____ ls__ ______e 

DRAWING NUMSER rIrme IN u..A.-A*C CALCUATED BY 

ENGINEERING CALCULATION SHEET 
Test. Mo.  

ALLIS*O4ALMERS PotM 6715.1 

-o
7ryv _.~Ey7/orP and .cos9'aeni.'. 7"d=CrM Ar P- _ 

..]:~ /Ae o'am A /4"1 A orn's 4C0 AS Y'reI 

cofiset 1l th [itd oI/ Ie It I I' IP f sT 

C/a/. ,esswo de ,acco/*'.r di ee st ok~/&~ei- _ 

I I __ _ 

I i I I I I Ii I- 1o 

Aj* I II I 

II LD~ 1t / (1 FT-, 

a -T 

iMi 

I),a n /-



Test 28 20 PSI 

*oOpen P P AP T C Temp OF 
1 2 D T Tm 0 

90 7.2 5.0 2.2 -11.3 -41.3 not recorded 

80 7.0 5.5 1.5 -4.7 -2.53 

70 12.5 2.5 10.0 6.6 5.3 

60 15.5 2.5 13.0 5.2 3.2 

50 17.5 1.0 16.5 2.1 1.0 

40 19.0 1.25 17.75 0 0 

30 19.5 1.0 18.5 -1.0 -.4 

20 19.5 1.0 18.5 -1.9 -.8 

10 19.5 1.0 18.5 -2.7 -.9 

0 19.5 1.0 18.5 -1.9 -.8 

Test 28 30 PSI 

90 13 8.0 5..0 -18.6 -29.7 

80 13 9.0 4.0 -9.3 -18.6 

70 15 7.0 8.0 7.2 7.2 

60 24 3.5 20.5 5.2 2.0 

50 27 3.0 24.0 2.7 .9 

40 28 1.5 26.5 -4.1 -1.2 

30 28 1.5 26-.5 -4.1 -1.2 

20 28 1.0 27.0 -4.1 -1.2 

10 28 .5 27.5 -6.2 -1.8 

0 28 .5 27.5 -2.3 -.7 

6/9217
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Test 28 40 PSI 

o Open P P AP T C Temp OF 
1 2 D T Tm 0 

90 18.0 11.0 7.0 -23.1 -26.4 not recorded 

80 17.5 13.0 4.5 -14.4 -25.7 

70 20.0 .10.0 10.0 1..7 1.3 

60 34.0 7..0 27.0 6.2 1.8 

50. 35.5 4.0 31.5 4.1 1.0 

40 37.5 2.5 35.0 0 0 

30 38.0 1.0 37.0 -2.5 . -0.5 

20 39.0 0 39.0 -6.4 -1.3 

10 39.0 0 39.0 -8.3 -1.7 

0 39.0 0 39.0 -8.3 -1.7 

O* Test 28 50 PSI 

90 26 15 11 -26.8 -19.5 

80 24 17.5 6.5 -10.3 -12.7 

70 40 12.5 27.5 8.3 2.4 

60 42 8 34 6.2 1.5 

50 45 5 40 2.8 .6 

40 46.5 2.5 44 -1.6 -.3 

30 47.5 1.5 46.0 -4.1 -.7 

20 47.5 1 46.5 -8.3 -1.4 

10 47 1 46 -8.9 -1.5 

0 47 1 46 -11.3 -2.0 

6/9226



CUSTOMER DATE 

Rl-40 -rest lv .'r L. -I- - s'mw 7p 
S PREIu. NAL 

DRAWING NUMBER L.TMQO IN U..LA.-A-C CACULATE SY 

ENGINEERING CALCUI.ATION SHEET 7 No.  
ALLIS-CHALMIRS FORM 6713-1 

kMahedis..2A-At wa~s 4D _M~aet. r to * .  

. Foy eto nio//de d "d...." Cz. .0 AP 

- ~~/tead seV'zL dynamikE _29 yww...AJ.A ..-pound,0C 4'/. ,_.  

SI I 

l i l tl 

li I iI i t 

7 l i l t I I I 

It 

itt i I F I I -
lilt I I F i 

/0 I _TFFI.

0 ~ _________ FF *F I F 

10 C 
/ iC 7 - o



Test 28 60 PSI 

O en P p 2AP T C Temp OF 

90 25.0 17.5 7.5 -28.9 -30.8 not recorded 

80 25.0 20.0 5.0 -15.5 -24.8 

70 35.0 15.0 20.0 11.3 4.5 

60 46.0 11.0 35.0 7.2 1.7 

50 50.0 6.0 44.0 3.7 0.7 

40 51.0 2.5 48.5 -0.6 -0.1 

30 52.0 1.0 51.0 -4.5 -0.7 

20 52.0 0 52.0 -9.1 -1.4 

10 52.0 0 52.0 -9.3 -1.4 

0 52.0 0 52.0 -12.4 -1.9 

0 
6/9207



CUSTOMER DATE 

SU&JECT PRELjIM. P1MM 

RAWING HUMIER LITHO IN U.S.A.-.A.C CALCULATED sy 

E NGINEERING CALCULATION SHEET m 
ALLUS.OIALMIRS PORM 6715.1 

I I 

- ~'~ ,c.ji~,es ~s~ ~rrto~.7_2____ _ 

Jia/ wi. rsuc 5'iC 4, rsn*j, w~FUdf 

420 

/, 2. I060 7



CUSTOMER DATE 

R7/p Flow T&sts V / ser Cwer ov. I ),. /1979 - SEET 2 OF 

$UBJE CT PRELIM. 1 INA 

LITHO I m UJ.A.-A. C CALCULATED BY 

ENGINEERING CALCULATION SHEET 
ALLIS-CHALMERS FORM 6713.1 

-. kalve o'isct F~c/dess foe.damet'er rato .7/7 

-IA//sJe ftream pr-essure- .2C .. /e oereisheo, re &rvre 
Tory a ne&.'low ono' ,osivaest * 7.. . Cr 2O! APdi -_ 

suwl /s Ae -yai for'1e in 4En-posAwds ,-C 7 15 74 /Ae 7's 

____e__- nt. -A is th. rde-ca' 1o vier .F'et.a, >i isV/She__ 

____- of ' esse. drpars /Ae ____s______.__ 

12~ P _+\ 

- Ity 

~~711 

II q 

I7I 

-20 I 

44i0 20 So d 5g 
2r'T h7ne (open) -



Test 29 P = 15 PSI 

) T 

oOpen P P AP T C TempO 
1 2 D T Tm 0 

90 5.0 2.5 2.5 0.2 0.6 6.4 

80 5.0 2.5 2.5 1.6 5.1 6.4 

70 7.0 2.0 5.0 3.9 6.2 7.8 

60 9.0 1.5 7.5 3.1 3.3 9.8 

50 10.5 1.0 9.5 1.2 1.0 11.8 

40 12.0 0.5 11.5 -0.8 -0.6 11.8 

30 12.0 0 12.0 -1.6 -1.1 12.5 

20 12.0 0 12.0 -2.0 -1.3 13.2 

10 12.5 0 12.5 -2.8 -1.8 13.8 

0 12.5 0 12.5 -3.1 -2.0 13.8 

Test 29 20 PSI 

90 7 3.0 4.0 -5.0 -10.0 2.4 

80 9 3.0 6.0 -3.0 -4.0 3.7 

70 10 3.0 7.0 8.0 9.2 5.1 

60 14 2.5 11.5 6.0 4.2 8.4 

50 17 2.0 15.0 2.0 1.1 11.1 

40 18 1.0 17.0 -5.0 -2.4 11.8 

30 18 0.5 17-.5 -6.0 -2.7 13.2 

20 19 0 19.0 -8.0 -3.4 13.8 

10 19 0 19.0 -10.0 -4.2 15.2 

0 19 0 19.0 -13.0 -5.5 15.2 

6/4011



CUSTOMER DATE 
r/p_7/ouo rests 'a A'sseach Cer -. 1 Nov. e Zre. /979 SHE ET 
//- C 1 A/ert 4 5treamses/ /rfl Va/* d/NAL 

AING NUMEt LITHO IN U.S.A.*A-C CALCULAED SY 

ENGINEERING CALCULATION SHEET 
ALLIS.CHALMERs POEM 6715.1 

VolveAs o'se:A,/kess ,/o o'/wweter rat/o :..,Z /7
.. &i//sostreamw pressures 0 PS6 ll//e oriendlo ,wt dFlyw? 

To 7ry te .a'wo/o on o co //c-ret/ " . T. = _ Cr_____P 

Coiere Zc.dL 07 /Ae o'ee fogo la/atpond /sYe______ 

ofIev3nt I s.ddo/ sie / i etasa sf 

IZ 7 

II 

Ap a,-!o o s 40 ro t 

i 

I 0 

-/-7 

Ito 

ti-



CUSTOMER DATE 
,p ,7/Zow Te.sta3 &#5/A /ly f~~eaorcA CAwr ow. # c. /79 - sHEET -/oF e 

SPRELIM FINAL 

c2///a-- C4en r 47 ^' rreamses/d//rl Vlel/0# 

AWING NUMUEt LITHO IN U.S.A.-A*C CALCULATED BY 

ENGINEERING CALCULATION SHEET Ti M.  
ALLIS-CHALMERS FORM 6715.1 

VM/vA-' dscj'Mc/6,ess foa o'imotr rt/o /2. ___/__ ___ 

- iks/ streapressure. : ___/_ _ Vo/re orei/ ,ar yr 

Toryw' sys.*7'O~F : o' cogsted 7'__ C,.o7 '? __ 

- ___-adver<J'.d is ,/Ae o~'ywomc twye-r in. t-.o so's e~*, & Ar th.7e 7'0 to~ 
coefficant, &/is te ves/4v o'/ e asieta,,d' is MA__ 

-- -fo7'/ presswe o'rop acpos s/At /iea .~ps*,.  
R~i .4 tPh-e-V 

40 

10 20 in 4o so 709 Bo go0 

2Ic, 7eethmn



, Test 9 
30 PSIG 

oOpen P P AP T C Temp OF 
1 2 . D T Tm 0 

90 12 7 5 -5.9 -9.44 3.7 

80 18 7 11 -3.15 -2.3 5.1 

70 20 7 13 0 0 7.8 

60 22.5 5 17.5 0 0 9.1 

50 25 22.5 -1.57 -.558 11.8 

40 27.5 1.5 26 -3.93 -1.2 13.8 

30 28 0 28 -3.93 -1.12 16.5 

20 29 0 29 -3.93 -1.08 18.5 

10 30 0 30 -5.9 -1.57 18.5 

0 30 0 30 -7.87 -1.57 18.5 

* Test 29 40 PSIG 

90 20 10 10 -7.86 -6.29 9.8 

80 20 10 10 -4.68 -3.74 10.5 

70 25 10 15 -3.74 -1.99 11.8 

60 30 7.5 22.5 -1.87 -.66 17.2 

50 35 5 30 -3.92 -1.05 20.6 

40 37.5 2.5 35 -5.97 -1.36 22.6 

30 38 0 38 -4.68 -.985 23.9 

20 39 0 39 -5.61 -1.15 24.6 

10 39.5 0 39.5 -5.97 -1.21 25.3 

0 40 0 40 -7.86 -1.56 25.3 

0 
6/042 3



CUSTOMER OATE 
4/# ,/'oso Tests_ &#5r fea , wer Nov. I "Da. /979 SnE _ or 

SUBJECT PRELIM. FINAL 

AWING NUMBER LITHO IN U.S.A.*A*C CALCULATED BY 

ENGINEERING CALCULATION SHEET 
ALLIS-CNALM1tS FORM 6715.1 

.Vave~ o'sc jAA'kness ,o _ o/om oer rati/o *7.- - __ 

Zaf/// £F'dream pressu-re _; fQf g_ _Ya/re oriew7~istio at/ Flyw 

- we,e-r.d /s Ake oy ame ArM i' 'pouhds yl- C7 /.4 f'+e /enor 

- C~oe&/c e., iOs the sheU o'/o set iss eetL a..' AFd is e___ 

of4t/pesswe dii.op _ c s J'Ae V ___e SY.______ 

40 

I 30 

______i 7 

2r~0 

0 to zo so go 5 60 70 so 

2_e *e_)



CUSTOMER DATE 

,, ,/oso Tsts N45/ w 5gwearcA (Cewer_ Nov. eDe. /979 SHEET OF 
SUBJECT PRELIM. FINAL 

ING NUMBER LITHO IN U.S.A.-A*C CALCULATED SY 

ENGINEERING CALCULATION SHEET 
Te--st Ao 

ALLIS*CNALMERS FORM 671S-t 

14 j 

J4alve.'AAA:-knss do. d/omotrrat/o~ *_ 

Zalksa/. sodream~ pressure: 40// G o/re oneSwihe s rd -- -- r 

comf7/<,awi, Als the e/. o'" <ris'et a,,9 P is..'e__ 
/o7'<pssw~.e dpo~o acro-s /Ae Jal-e.I kpsr.  

40 

I 

os o B 

-10c 
___0 lb 20 so 40 5o 60 70 590 90



Test 29 50 PSIG 

Open P1  P 2  AP TD CT Temp OF 

90 25 15 10 -8.88 -7.10 15.8 

80 25 15 10 -5.14 -4.11 17.2 

70 32.5 15 17.5 -2.81 -1.28 20.6 

60 37.5 10 27.5 -2.25 -. 65 25.3 

50 42.5 7.5 35 -5.14 -1.17 28.6 

40 45 2.5 42.5 -7.86 -1.48 30.7 

30 46 2 44 -7.48 -1.36 32.8 

20 47.5 1 46.5 -7.86 -1.35 33.3 

10 48 1 47 -7.48 -1.27 34.0 

0 49 0 49 -10.61 -1.73 34.7 

lIest 29 60 PSIG 

90 30 15.5 14.5 7.87 -4.34 28.0 

80 32.5 15.5 17 5.15 -2.42 28.6 

70 40 15.5 24.5 3.93 -1.28 32.0 

60 47.5 13.5 34 3.93 -. 93 34.7 

50 52 10 42 6.56 -1.25. 40.1 

40 55 5 50 9.82 -1.57 42.8 

30 57 2.5 54.5 9.82 -1.44 44.1 

20 58 2.5 55.5 9.82 -1.42 44.8 

10 59 2 57 8.42 -1.18 45.5 

0 60 0 60 11.79 -1.57 45.5.  

0 
6/67 35



CUSTO#E jDATE 
A7/ tN7/ov. e Z)4a4. Im79 SHEET o Of 

$UI$CTPRLIM*. FINAL e d//s - CAolmers~ M .5tfreamsges/ BM/erfy Vs/4ie A/ode/. UM IA 

AWING NUMBE I0LITHO IN U.S.A.*A*C CALCULATED IT 

ENGINEERING CALCULATION SHEET 

ALLIS.CHALMEt3 FORM 6713.1 

alediscjA&cjlesst to dosem.over ratio :~ . / 7 
-sZ~////.esteder pessure __1__/_._ V'a/se oeejf aj~ res Fre2 // 

-Tor. 9 e m~~'oin ad. com99f4:f_.9 Ty = C, w.o 3 ' 4i a___

- -hrad / /Ae 7' yw rniC _ 9oue & Act -oowds -)-C 7 Ar~ Aed to.fs 

Coef7/,d r Owl fka. Md/i- o'ose s/e o IP is s'e___ 
- o 7</ pss-.. dpon c as Me 4/prea ps__________ 

"II 
qAhe 

* 1 ~~ i 9Pa/e (*open~)___



CUSTOMER DATE 

t9i' F/'owu rests 'V4 /1anvy A'e.-earch Cewe / Nov. Inte. /971 SHEET oF 
SUBJECT PRELIM. FINAL 

wI NUMBER LITHO IN U.S.A..A-C CALCULATED SY 

ENGINEERING CALCULATION SHEET 
ALLIS.C4ALMERS FORM 6715-1 

Volve d'i JFA/6A'ss ,14. di'Ans oer r/o , /7 7 __________ 

- ills/ V~otrem pressuire.: o___/__ V/ae or/dW7dsih reV' uPyLe 
To9e eyw'olo onv a!coe '9-'ehat .1. 71= Cr 2 ~9 -__ 

- &/tereJd ./s /Ae. of'yamic forPgue i&.frt -poowss C, ft --i /.V/ prse -o cos-eM r 

-"CPS~'s A leose / - Yev,/ 

40 1-m 

30 

020-_ 
l N, 

120 
I-7 

-10 

0 JO 20 so so5 60* 70 0 q ____



Test 30 APT = 15 PSI 

OpenP P AP T C 
P1  2 D T Temp 0F 

90 4 2 2 7.9 31.6 5.1 

80 5 2 3 8.7 23.2 5.1 

70 6 1 5 10.2 16.3 6.4 

60 9 1 8 7.9 7.9 8.4 

50 10 1 9 4.7 4.2 10.5 

40 11 0 11 1.6 1.2 11.8 

30 12 0 12 -1.6 -1.1 12.5 

20 12 0 12 -2.0 -1.3 13.2 

10 12 0 12 -3.5 -2.3 13.8 

0 12 0 12 -3.5 -2.3 13.8 

Test 30 20 PSI 

90 7 5 2 11.8 47.2 3.7 

80 11 3 8 16.5 16.5 3.7 

70 12 3 9 15.3 13.6 5.1 

60 15 2 13 9.4 5.8 8.4 

50 17 1 16 5.5 2.8 11.8 

40 18 0 18 1.6 0.7 12.5 

30 19 0 19 -2.0 -0.8 13.2 

20 19 0 19 -3.5 -1.5 13.8 

10 19 0 19 -3.9 -1.6 13.8 

0 19 0 19 -3.9 -1.6 13.8 

6/3932



CUSTOMER DATE 
,4 /r A/ow Tests ##4'sye Fesac Cent7er_ _! Aov. 4' DM. /979 s4EEr OF 
SUtuECT 0RLIM.  

/??/s.- ~a/mrs . .5treamses/ ds,~e/fl VsP' Afoo'e/ MJECTFINAL 

wNG SaNI LITI4 IN U.S.A.-A. C CALCULATED Y 

ENGINEERING CALCULATION SHEET 

ALLIS.CHALMElS FOM 6715.1 

Vov oie ~cAns dt sen se ra"io~ ./ --- ?_ 

-- Zi1ls/ £VOstream pressure J /S/^ _ .J'~//e oria7~iowe ?) /fr 

Torywe# e7I'd'oilo c ao'j codf/WaJent . 7'd .C irdO .a dP ____ 

- -~ #/set Ed /s5 7Aeds'ynamic - 7'oqueJP ,nfltpo o'~s f ySt~ a'L" 

_- Coefickt, is.5 the.a/e o' e we /e e./et ' isjhe.  

to/ ~LPpessw,e o'e~ op cass MAe /___ e___p___r._ 

(2'a 25) 

I 

I-7 --77 

o P 2o so so 6o 70 so 0o 

______ D~Asc A'Ths/e ('*ame,? __



CUSTOMIE DATE 
Rip '/ow Tests APSAv/iiy/y fasearch Center Nov. m. ?79 smefr ' o, 

SUBJECT P2ttim. FI A 

SWoING NU11  LITHO IN U.S.A.*A*C CALCULATED BY 

ENGINEERING CALCULATION SHEET Ft Mo. 2 
ALLIS-CHALMtS FORM 6715.1 

.~a/vldse FAA-/ess /o osoeir'/o_: .17 -W5 ;40 

- Zwilla/ eysiream pressw'e. 4O A3/ & il/a/drooredd4 /o,, ,wt F yre.J .
To-ryb9e eywod7/oi aono acs>7,df_. 7-y = CM AP_____ __ 

s__ u/er.Jd vs Ae dynmic _.oPwe i f-po,9's , C. 's tb __ 

___ COeffciL,,t, .&Ois th'e :j'#/i>< di/m ssk in fet a*.,4P s eAt__ 

II 

0 

7L/s -------1l 

I 30 

20 o 2 Ito 6 7 o t 

2s./( e 

_______I ii f 

I I 11 I 

20 

-10 4 o 0 s



Test 30 30 PSI 

oOpen P P AP T C Temp OF 
1 2 D T Tm 0 

90 12 8 4 18.9 37.8 5.1 

80 14 6 8 23.6 23.6 7.1 

70 18 6 12 19.7 13.1 9.8 

60 22 5 17 11.8 5.6 13.2 

50 25 3 22 6.3 2.3 16.5 

40 27 2 25 1.6 0.5 18.4 

30 28 0 28 -1.6 -0.5 19.2 

20 29 0 29 -4.7 -1.3 19.9 

10 29 0 29 -7.1 -2.0 20.6 

0 29 0 29 -7.9 -2.2 20.6 

Test 30 40 PSI 

90 18 12 6 24.4 32.5 15.8 

80 21 10 11 29.1 21.2 17.2 

70 26 8 18 22.0 9.8 19.9 

60 30 7 23 13.4 4.7 23.9 

50 35 4 31 7.1 1.8 26.6 

40 36 2 34 2.0 0.5 28.6 

30 38 0 .38 -2.4 -0.5 30.0 

20 39 0 39 -7.1 -1.5 30.7 

10 39 0 39 -9.4 -1.9 31.3 

0 39 0 39 -9.8 -2.0 31.3 

6/4010



CUSTOMER DATE 
,/p& ,F/ow rests AV'5A9/Z day fewearch Ce"er _ Nov.. Lim. 1979 SHEET OF 

suaJECT P1lMA. FENAL 

A//is 1C4s/mers £ '13resmssea/ 8-//erfly# Vdabe A/o'e/ 
AWING NUMBER 0THO IN U.S.A.-A-C CALCULATED SY 

ENGINEERING CALCULATION SHEET 
Testb M. )0 

ALLIS.CHALMERS FORM 671.1 

~a/bdis5JcA ,less /o o'to*, ser. rst/o~ . /7_____ 
2wA' 1 / £paS~ieam pr*essure 5c& /$ & Vo/r oriA7jdM ow e F#'re //. 

- orym~~e .. e.'7/o a'~ coficr -.. 7dz Cr AP____ 

A here- -Is 0:Ae ayv,,a-m/ foCy. IS -ps'' were 

coefficantf, , t/ e o olw'ear e v feetad 

_____ .o 7v. p essuvt do orars PA. J- /e.psr.  

30 

'3 I I 

I _ _I 

0 

2 0 20 30 g 50 60 70 80 90 

.. 23 ngle (*eoed) 

101



CUSTOMER DATE 

R/r A/osw Tests &'5'4/L3/sy feascA Ce~er vo, e a:-, /V74 - SWEET VO 
SIICTe PRELIM. FINAL 

4// - ~smer_ " treamses/ &&e~'rfly, Vs/w Aode/' 
AWING NUMBER LI70 IN U.S.A.-A*C CALCULATED SY 

ENGINEERING CALCULATION SHEET 
To.stp M1o.30 

ALLIS.CHALMEtS FORM 6715.1 

.Valv-e odise ,Ac/ess ,'& o'ws oer rt o ~ .. 

.2,ih/ £Astea/m pressupe :.______. V Io/re orie~S/do, ,wv Fifore

Tory 9e synoflow uao' costredr77T cr 97 -r AP___ 

- Item 12 /s 7/Ae dynlamic forpooJ/Aot-poswo's, C7 , /de 7tOrfy 

- o ?t' pessue edn acos _________________r 

40 

I II 

o ss 

A/0 

7 -7 

F I *F ~ ~ II T 

-7 F, 

20 30 4 4 FO70 s ~



O Test 30 50 PSI 

oOpen P P AP T C TempOF 
1 2 D T 

90 24 17 7 28.3 32.3 25.3 

80 26 14 12 33.4 22.3 25.3 

70 34 13 21 26.8 10.2 31.3 

60 39 11 28 15.7 4.5 35.4 

50 43 7 36 7.9 1.8 38.7 

40 45 3 42 2.4 0.5 40.1 

30 46 1 45 -2.4 -0.4 41.4 

20 47 0 47 -7.9 -1.3 42.1 

10 47 0 47 -11.4 -1.9 42.1 

0 47 0 47 -11.4 -1.9 42.8 

0 
Test 30 60 PSI 

90 28 18 10 27.5 22.0 34.7 

80 32 15 17 33.8 15.9 36.0 

70 40 14 26 29.5 9.1 38.7 

60 46 13 33 18.1 4.4 42.8 

50 51 8 43 9.8 1.8 45.5 

40 54 4 50 3.1 0.5 47.5 

30 55 2 53 -3.1 -0.5 48.8 

20 56 0 56 -7.9 -1.1 50.2 

10 56 0 56 -11.8 -1.7 50.8 

0 55 0 55 -11.8 -1.7 50.8 

6/1260



Test 31 PT1 = 20 PSI 

o Open P1 *P2  LP TD CT Temp OF 

90 7 5 2 11.0. 44.0 5.8 

80 10 3 7 17.3 19.8 7.1 

70 13 3 10 16.5 13.2 8.4 

60 15 2 13 11.0 6.8 11.8 

50 17 1 16 6.3 3.2 13.8 

40 18 0 18 3.1 1.4 15.2 

30 19 0 19 -1.6 -0.7 17.2 

20 19 0 19 -3.9 -1.6 18.5 

10 19 0 19 -4.7 -2.0 18.5 

0 19 0 19 -5.9 -2.5 18.5 

Test 31 APT1 = 15 PSI 

90 5 2 3 7.9 21.1 9.1 

80 5 2 3 9.4 25.1 8.4 

70- 7 1 6 11.8 15.7 9.8 

60 9 1 8 8.7 8.7 11.1 

50 10 1 9 5.5 4.9 11.8 

40 11 0 11 2.4 1.7 13.2 

30 12 0 12 -0.8 -0.5 13.8 

20 12 0 12 -2.4 -1.6 14.5 

10 12 0 12 -3.1 -2.1 15.2 

0 12 0 12 -3.5 -2.3 15.8 

6/1143



CUSTOMER DATE 
/,. 7ow Tests_ N'm/ l eEET OF 
SUBJECT 

PRELIM. FINAL 
/i CA a/mer, -i S treamsea/ Se//erfly VaP A/co'e/ 

AWIG N LITHO IN U.s.A.*A*C CALCULATED BY 

ENGINEERING CALCULATION SHEET 
esat As. // 

ALUIS.C4ALMERS FORM 67ts.t 

4/redisefAAA'nessto o'tsmotte r-t/ 

-- dh/~',stream, prss /F, S/4 Vo/rs~e orsso rd Fw 
Tory e eyws/ n on a' c~os><7cdgr,7_ . T7 _ CrMA~' - 4P __ _ 

- -~ wher- - _TM7v /Ae~ o'nami/c *Pue layed.-7~powed.s , C 7 ,s to o'7 r 

__-coe fflownui, i$ Me j4d/e od4rtrifp ysta ii' ~ d sl. -___ 

-____ of 7/ pesse 'e dee.p ocess / e _______e______s___ 

0 

-T 

30 

I T 
k 

-20 
o2o so 54 o ro o 2 4/0 50 0 70 so/



CUSIOAQR D ATE 

R/p d.w'low TNOY/A5/ ~ -C'"~~A~. I~ $MEE 0 Fb~f 
SUBJECT pRIU~m. FINAL 

£25trc-ams ea/ l ,e,/ ~p 
W AuW E L?1N0 IN U.S.A-A-C. CALCULATED BY I L NGINEERING CALCULATION SHEET Ts l. L 
ALS.O4ALAMEKS FORM 6715.1 76,Ab 

4~2s~edt~j~hc/6ess. ~ d.om 7r)d'wxs:- --- ___ 

w m" 

__0_ 

7.

7 1 

1 0 0 .30 410 5o 60 70 so q _



CUSTOMER DATE 
/A/ow rests _44'/L /y fee h Ceer NOV. . -I t0 SHEET OF 

SUBJECT PPFNAL 

AWING NUMbER .ITNo IN U.S.A.C CALCULATED BY 

ENGINEERING CALCULATION SHEET 
ALLIS*CHALMERS FORM 6715.1 

- -Falv-e~ o'ise A/cg.*'ess ./o o~'/* orcztio: . / 7_ 
.7;/// o~sra press're_: -. _____ V/'e. on orershoar reg c- FY,,eJ /

Tory9me O7emo,,on~ ad cos,'//chrt.' d.. C t' F __AP__ 
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CUSTOMER DATE 

die F/owo rests A54'n/1angley eaorc Ceter_ A'o / c. ;779 SHEET OF 
SUJECT 

PRELIM. FINAL 
C/adener/s_ 4" s tr meseal 8 //erfly Va/u Ahode/ 

AW NI NUM ER 1 LITHO IN U.S.A.-A*C CALCULATED my 

ENGINEERING CALCULATION SHEET 
7- 7es7 No. 3 

ALLIS.CHALMERS FORM 67t5-1 

j uej~ oisc t*,el 4ness fo o'auser p rd/o *'/7 ____ 

- T.//i 'pS dtem pessure. 0'~ /f... *Ji/e o alation~j ,w':. 6reL2
Torywec erstio ad coa'i,4ci ,d.* 7 2 =.__ Cr_ __ 

-- ~ I6e' A' is Ae. -o'yniami/c ~~ for ' i.;o7'-pov 's Cy /s7+' 96.  
__-cogfficjat, is fke ire. o''o'efe in etaor ' sj e___ 
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_ _ _ _ _ I~ 

k7 
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Test 31 APT1 = 40 PSI 

oOpen PP 2 AP TD CT Temp OF 

90 19 12 7 19.7 22.5 16.5 

80 21 11 10 29.5 23.6 18.5 

70 29 10 19 26.8 11.3 21.9 

60 32 7 25 16.5 5.3 25.3 

50 35 4 31 8.7 2.2 28.6 

40 37 2 35 3.1 0.7 31.3 

30 39 0 39 -2.4 -0.5 32.7 

20 40 0 40 -6.3 -1.3 33.3 

10 40 0 40 -9.8 -2.0 33.3 

0 40 0 40 -9.8 -2.0 33.3 

Test 31 APT 30 PSI 
1 

90 13 8 5 15.3 24.5 9.8 

80 15 6 9 15.3 24.5 9.8 

70 20 6 14 20.5 11.7 13.8 

60 24 5 19 13.4 5.6 17.2 

50 26 3 23 7.9 2.7 18.5 

40 28 2 26 2.4 0.7 21.2 

30 29 0 29 -3.1 -0.9 22.6 

20 29 0 29 -5.5 -1.5 23.9 

10 29 0 29 -5.9 -1.6 25.3 

0 29 0 29 -7.9 -2.2 25.3 

6/1122



,r Fl'ow Tests_ A(.4'/fYangly VeCePYc C;Lr /7 SE E. Ivo I PRELIM. FINAL 
CA/es &: ' freamsea/ 8PWfl Vs/Pk2 A/ode/ 

AWINUM ER LITMD IN U.S.A.*A*C CALCULATED SY 

ENGINEERING CALCULATION SHEET 
ALLIS-CHALMERS FORM 6715.1 

V<w/ve oA'As.fJd/ess /o oem over rstloe: . / ' 2 

- .Z/i// oostpeam prssure~ .,C4 & Va/re or, icalDoe r Flywe12 
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CUSTOMER DATE 

Rip A/ow rests VA'54'/Z gley f each Ce,,er -vov. 4' . - SNEET OF 

SUBJECT PRELIM. FINAL 

WING NUMBER LITHO IN U.S.A.-A*C CALCULATED SY 

ENGINEERING CALCULATION SHEET T-sl No.  
ALLIS-CHALMUS 1ORM 67t5.1 

k&/re o'isc Akness o overs eter ______o : . /7___ 
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Test 31 APT = 60 PSI 

Open P P2 AP TD C Temp OF 

90 31 17 14 21.6 12.3 38.1 

80 37 17 20 33.4 13.4 38.7 

70 41 16 25 31.5 10.1 40.1 

60 47 12 35 21.6 4.9 44.1 

50 51 8 43 13.8 2.6 47.5 

40 55 4 51 4.7 0.7 50.2 

30 56 2 54 -2.0 -0.3 51.5 

20 57 0 57 -7.9 -1.1 52.2 

10 57 0 57 -11.8 -1.7 52.2 . 0 57 0 57 -11.8 -1.7 52.2 

Test 31 APT = 50 PSI 
1 

90 24 17 7 23.6 27.0 29.3 

80 27 14 13 33.4 20.6 30.0 

70 34 13 21 29.5. 11.2 34.0 

60 40 10 30 18.9 5.0 38.7 

50 44 6 38 11.0 2.3 40.7 

40 45 3 42 3.9 0.7 42.1 

30 47 1 46 -2.4 -0.4 44.8 

20 48 0 48 -7.9 -1.3 45.5 

10 48 0 48 -11.8 -2.0 45.5 

0 48 0 48 -11.8 -2.0 45.5 

6/9918



CUSTOM& DATE 
Rip F'ow rests HA45x/Langey feearch. Cewr Nov. ' Dec. 17 SHEET OF 

Su~fEC . rPRELIM. PINAL 

WNG NUMER fL*mo iN U.S.A.-A-C CALCULATED &Y 

ENGINEERING CALCULATION SHEET 71 Mo.  
ALLIS.CHALMERS FORM 6715.1 
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CUSTOMER DATE 
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srramse/ // V PEliM.  

WING NUMSER LITHO IN U.S.A.-A*C CAULATED at 

ENGINEERING CALCULATION SHEET 
ALLIS-CHALMEtS FORM 6715.1 
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Test 32 P = 20 PSI 0. 1 
oOpen P1  P2 AP TD CT TempOF 

90 7 3 4 -5.9 -11.8 58.9 

80 8 .3 5 -3.1 -5.0 58.9 

70 11 3 8 3.9 3.9 56.2 

60 14 3 11 4.7 3.4 52.9 

50 17 2 15 2.0 1.1 50.8 

40 18 1 17 -0.8 -0.4 49.5 

30 18 1 17 -1.2 -0.6 48.8 

20 19 0 19 -1.6 -0.7 47.5 

10 19 0 19 -3.1 -1.3 46.1 

0 19 0 19 -3.9 -1.6 45.5 

Test 32 P = 15 PSI 
T 

90 5 3 2 '-2.4 -9.6 56.2 

80 5 2 3 0 0 56.2 

70 7 2 5 4.7 7.5 55.6 

60 8 2 6 3.9 5.2 52.9 

50 10 1 9 2.4 2.1 52.2 

40 12 1 11 0.8 0.6 50.2 

30 12 0 12 0 0 49.5 

20. 13 0 13 -1.6 -1.0 48.8 

10 13 0 13 -2.0 -1.2 48.8 

13 0 13 -3.1 -1.9 48.8 

6/1931



CUSTOMER DATE 

die AFow Tests Z4/'545/2/ "ogle fewearch ene -'ov. 7. ?79 SHEET 6 
SUIJECT PRELIM. FINAL 

/X < nChe1"r. trreamsea/ oilerfyc ~ae ode/ 
WIN MBER J LITHO IN U.S.A.*A.C CALCULATED BY 

ENGINEERING CALCULATION SHEET Tesl 1. 2 
ALLIS-CHALMERS FORM 6715.1 
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CUSTOMER DATE 

, F/'ow Tests &'5'/Lsgleb' fameach Cew"er _i 'Nov. ' e . ;V7q SHEET OF 
SU teECT PRELIM. FINAL 

NG NUMBER LITHO IN U.S.A.-A.C CALCLATED BY 

ENGINEERING CALCULATION SHEET 
Test /Vo 32 

ALLIS-CHALMERS FORM 6715.1 

V khs' o'sc FAA-A'hess. ,o o/m eerrst/o * /7 

-.. iJ/#/ £50/redmrpressure 4' /5/ I ~/re .orie /o lw t pge~ -~~~~~~109o sitre'.d'Ir ~~4O __ 

To eis o the o' cow/c. my ~. I;i=L fCry.o&#w APC 2 S'td '&I9d 
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.Test 32 P = 40 PSIG 

DA P P LP T DC Temp OF ~T T D TTepF 

90 18 12 6 -15.7 -21 48.8 

80 21 11 10 - 6.9 5.5 46.8 

70 26 7 19 1.2 .51 45.5 

60 33 5 28 2 .57 40.1 

50 35 2 33 - .8 -. 195 37.4 

40 37 1 36 - 4.03 -. 9 34.7 

30 38 0 38 - 2.8 -. 59 33.3 

20 38 0 38 - 4.03 -. 85 32.7 

10 38.5 0 38.5 - 4.8 -1.0 0 

Test 32 PT =30 PSIG 

90 12 8.5 3.5 -11.7 -26.7 56.2 

80 14 8 6 - 4.8 -6.4 25.6 

70 18 7 11. 2 1.5 52.2 

60 22 5 17 3.2 1.5 48.8 

50 26 2 24 .8 .27 46.1 

40 27 1 26 -1.6 -.5 45.5 

30 28 0 28 -1.2 -.34 43.4 

20 28 0 28 -2.4 -.69 42.8 

10 28.5 0 28.5 -4.03 -1.13 42.8



CUSTOMER DATE 
77/eFow rest's A'A'54/Langl/ey 1 (esearch Ce -e Nov. 4/ £. /V7g SHEET 5OF 
SUIJIECT I O 

-5C~U/mers 4.remsea/ Bs'//er/y V/ /o PELIM.FI 
DRAWING NUMBER LITNO IN U.S.A.-A*C ALCULATED BY 

ENGINEERING CALCULATION SHEET 
ALLIS.CHALMERS FORM 6715.1 
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CUSTOMER DATE 

P/r 7/oCo 7ests- / / sa e o.' - . IOF79 SKEET OF/ 

SUBJECT PRELIM. FINAL 
AWA/- <Ga/mers s treamsea/ d&.//erflyr Vs/~ *Foodel 

DRAWING NUMBER LITHO IN U.s.A.-A-C CALCULATED IY 

ENGINEERING CALCULATION SHEET 
ALLIS.CHALMERS FORM 6715.1 

>- -4F the._ ______d 

-Tiftal soostream presse _ 0 5/ C 1e/,e ories/of'jlou w' Fquve 1J9 
Torym9~,e med7'/on a o'd cos iievd _: = C, a! 4

- 7/e7 JP is 7/Ae dyai 7'rywe in_-Ai-parvo's ~ .C 7,. ArVe. Argued 
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st 32 PT = 60 PSI 

Open Pl *P 2  TD CT Temp OF 

90 31 16 15 -15.7 -8.4 33.3 

80 34 16 18 - 7.1 -3.2 34.7 

70 40 17 23 0 0 36.7 

60 45 13 32 3.1 0.8 38.7 

50 51 8 43 -1.6 -0.3 44.8 

40 54 5 49 -4.7 -0.8 45.5 

30 55 3 52 -3.9 -0.6 45.5 

20 55 2 53 -5.9 -0.9 46.1 

*10 56 1 55 -5.9 -0.9 47.5 

0 56 0 56 -9.4 -1.3 48.2 

Test 32 PT, = 50 PSI 

90 24 14 10 -17.7 -14.1 25.3 

80 25 14 11 -9.8 -7.1 26.6 

70 35 13 22 0 0 33.3 

60 39 11 28 2.0 0.6 35.4 

50 43 7 36 -1.6 -0.4 38.7 

40 45 3 42 -4.3 -0.8 40.1 

30 46 2 44 -3.9 -0.7 41.4 

20 46 2 44 -4.7 -0.9 42.1 a 10 47 1 46 -4.7 -0.8 42.1 

0 47 0 47 -9.4 -1.6 42.8 

6/2298
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Figure 3 
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Appendix III 

CUSTOMER D- ATE 
cuVrh".7r-S,, LRNJGLEY - Je.7 - fE /OF ~ 

SUBJECT. PRELIM. FINAL ) 7" VRLV CK'/ENT rT/ONI 
DRAWING NUMIEt UTHO IN U.S.A.*A*C CALCULATED by 

lilGOP 

ENGINEERING CALCULATION SHEET 

ALLIS-CHALMERS FORM 6715.1 
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CUSTOM.. NRPSR u-7)AleG~c - I o IS-ze . SHEET OF 

s -mer 7JCSI vV OF/C Ti/ON A ELIM. FINAL 

DRAWING NUMBER LATHQ IN U.S.A.-A*C CALCULATED &Y 

ENGINEERING CALCULATION SHEET 

ALLIS-HALARS FORM 6715.1 
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Appendix Iv 

~oo- O-B A~35 ______ ROUTING COt 
REVSINSUNLESS OTHERWISE NOTED CONFIDENTIAL - PROPERTY OF 

_____REVISIONS______ DIMENSIONS ARE IN INCHES ALLIS - CHALMERS CORP.  
ADMCIIGTLAR: YORK PLANT VALVE 0DIVISION YORK, PA.  

1 PLACE DEC + .060 

2 PLACE DEC ±- .030 
3PLACEDEC-+ .010.  

BREAK ALL CORNERS - .015 

OSGN OFTG APPO 

... 

DD\ 

OFTM MECH ENG APPO R MATERIAL 

F 
R IO ULYED ENG APPO SIMILAR TO MATERIAL SPEC 

_SA _"__ AALLIS C47HALTY9MER.C3O 4 
SCALE DATE .030 

BREAK A C 9 .01E O



oAPPROA. L.OCAT\OM OF STRAN 
AGGES - %OTw S\ES 
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500 

-TY 

P 

2.0000 

+.oot

- .000 0000 
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.0100 
L .05 

OO.or£DGE5 
BOTH. ENDS DDA 

B 

Dcx NO.-304805 ROUTING CoDE 
REVISIONS UNLESS OTHERWISE NOTED CONFIDENTIAL - PROPERTY OF 

DEENSNARE IN INCHES ALLDIS.SO CHALMERS CORP.  AND MACHINING TOL. AREA:R. HAMR OP 
YORK PLANT VALVE DIVISION YORK, PA.  2 PLACE DEC + .060 

2 PLACE DEC + .030 
3 PLACE DEC + .00ola i-G CE:Y 

BREAK ALL CORNERS -. 015 

DSGN OFTO APPO A 

OFTM MWCIM ENG APPO MATERIAL 

CMK HYD ENG APPO SIMILAR TO MATERIAL SPEC 

sea.A"rM A. 79 TYPE.3 3 
SCALE DATE3 

___ ___ ___~ K-0927 8 , 4RuvQ 
4 3 21



GAOR .OCT ON S TRDb 

robo 

06 

BREAK EDGE5 )TI4.-.Eot) BOTR4 ENDS (-000 
M\A 

B 

~C. N.304805 __ROUT I MC CODE 
REVISIONS UNLESS OTHERWISE NOTED CONFIDENTIAL - PROPERTY OF 

DIMENSIONS ARE IN INCHES ALLIS - CHALMERS CORP.  AND MACHINING TOL. ARE: 
YORK PLANT VALVE DIVISION YORK, PA.  

1 PLACE DEC + .060 

2 PLACE DEC + .030 

3 PLACE DEC + .010 
BREAK ALL CORNERS -. 015 01.00 Y 

DSGN DFTG APPO A 

OFTM MECH ENG APPO R MATERIAL 
WT 

CHK HYD ENG APPO SIMILAR TO MATERIAL SPEC 

ASTIM A4!9 T(PE 304 
SCALE DATE 

-- t- SK-0 27 \
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