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PURPOSE 

These studies were made to assist in developing a 
satisfactory forebay inlet-outlet structure for the Mt. 
Elbert Pumped-Storage Powerplant, Colorado. 

RESULTS 

1. Flow concentrations were observed in the 
inlet-outlet structure during the pumping cycle. These 
f lov~ concentrations were indicated by high. and 
low-velocity areas in sections whcre velocity 
distribution data were taken. 

2. A deflector placed in the inlet-outlet structure 
significanrly improved the velocity dimibution in a 
vertical plane a t  the trashrack section for pumped flow. 

3. A flat floor rising from an elevation of 9566.5 f t  
(2915.9 m) at the stoplog section to an elevation of 
9580.5 ft (2920.1 m) a t  the base of the trashrack 
section was found to be satisfactory. This replaced the 
initial concave upward-shaped fl,?or that connected the 
two points. 

4. In the preliminary structure, a tendency for vortex 
formation was observed during the generating cycle for 
both one- and two.unit operation. The tendency was 
observed a t  all reservoir water-surface elevations 
between 9615 ft (2930.6 m) and 9640 f t  (2938.3 m). 

5. Two successful structures for vortex suppression 
were developed. The first consisted of a raft that was 
floated over the vortex. I t  supplied a simple, yet 
effective solution for all operating conditions. The raft 
did not eliminate the swirling flow, but i t  did eliminate 
air intake into the penstocks. The second successful 
vortex suppression structure consisted of a lattice-like 
wall extending from the top edge of the trashracks to 
an elevation of 9621 f t  (2932.3 m). The wall extended 
upward on a 1:3 slope (perpendicular to trashrack 
face). Walls corresponding to both steel and reinforced 
concrete structures were tested and found satisfactory. 
As in the case of the raft, the walls did not eliminate 
the swirling flow, but they did eliminate air intake into 
the penstocks. 

6. The observed head losses through approximately 
124 f t  137.8 m) of penstock and the inlet-outlet 
structures for pumping flow were found to be 2.27 f t  
(0.692 m) for the initial unit and 2.46 ft (0.750 m) for 
the future unit. The corresponding pumping cycle 
resistance coefficient (head losslvelocity head in 
penstock) values are 0.48 and 0.52. respec!ively. The 
observed head losses for generating flow were found to 
be 2.18 f t  (0.664 ml  for the initial unit and 2.45 ft 

10.747 m) for the future unit. The corresponding 
generating cycle resistance coefficient values are 0.34 
and 0.38, respectively. ..! 

APPLICATION 

The results of these studies are generally applicable 
only t o  structures with similar geometrical 
configurations. These studies may be useful in initial 
evaluation of similar problems. 

INTRODUCTION 

The Fryingpan-Arkansas Project is a multipurpose, 
transmountain diversion development. I t  will make' 
surplus water from the western slope of the Rocky 
Mountains available to iniiabitents of the eastern slope 
(Figure I ) .  The water will be used for municipal. 
industrial, and irrigation purposes. Mt. Elbert 
Pumped-Storage Powerplant (Figure 2) is one of two 
powerplants to be constructed on this project. These 
pov~erplants will produce power from the water as it 
descends to the eastern plains. The prime contract for 
construction of Mt. Elbert is described in 
Specifications No. DC-6915. 

Mt. Elbert Pumped-Storage Powerplant will eventually 
produce 200.000 kw of power with two unlts. These 
units will be reversible pump-turbine facilities. Each 
unit will have a 15-ft (4.57-m) diameter penstock that 
will connect i t  to a 10,000-acre-ft (12.335,000m3) 
forebay reservoir (Figure 2). The length .of each 
penstock will be approximately 3.000 ft (944 ml. The 
maximum water-surface elevation in the forebay 
(upper) reservoir will be 9646.8 f t  (2940.3 m) while 
the absolute minimum watermrface elevation will be 
9615 f t  (2930.7 m). The lower water supply for the 
pump-turbine units will be Twin Lakes (Figure 21. The 
maximum active water surface for Twin Lakes will be 
9208.5 f t  (2806.8 m) and the minimum active water 
surface will be at 9168.7 f t  (2794.7 ml. The maxlmum 
static head will therefore be 478.1 ft of waer (145.6 
m). The maximum discharge through each penstock 
will be about 3,600 cfs (101.94 cu mfsec] during the 
generating cycle and 3,090 cfs (87.50 cu mlsec) during 
the pumping cycle. Initially, only one unit and one 
complete penstock will be installed with the other 
following at a future date. The first unit t o  be installed 
will be the west one and will be referred to as the 
initial unit in this report. The east unit will be referred 
to as the future unit. 



Figure 1. Location map. 





resewoir inlet-outlet structure was initiated. The main 
reason for the model study was to obtain a design 
which would insure a proper velocity distribution at 
the trashracks so that there would be no high-velocity 
areas, jets, or reverse flows present. This would 
eliminate any chance for formation of strong vortex 
shedding and vibration and thus insure a trashrack 
which would not be subject to fatigue failure. The 
testing would also provide information to insure 
satisfactory flow conditions during the generating 
cycle. This would include control or eliqination of 
surface vortices. Finally, the testing would evaluate 
head loss through each unit for both the pumping and 
generating cycles. 

Dimensions used in this report, unless otherwise stated. 
refer to the prototype structure. Minor modifications 
were made to the structure design after the completion 
of the model study but their effect on the study results 
is  considered negligib!e.;~ 

THE MODEL 

Because of the availability of 7.75-inch (19.7-cm) 
inside diameter clear plastic pipe, and with 
consideration given to the physical properties of the 
prototype. a model scale of 1:23.23 was selected. The 
7.75-inch (19.7-cin) clear plastic pipe was therefore 
used to represent the upper portions of both penstocks 
(Figures 3 and 4). The remaining portions of the 
penstocks were modeled with steel pipe. The 
rectangular-to-circular transitions, the gate sections, 
and inlet-outlet structure were rabricated from sheet 
metal (Figures 3 and 4). The topography at the forebay 
reservoir was modeled in concrete (Figure 4). The 
maximum discharges of 3,090 cfs (87.50 cu mlsec) for 
the pumping cycle and 3,600 cfs (101.94 cu mlsec) for 
the generating cycle for one unit were represented in 
the model by 1.187 cfs (0.0336 cu rntsec) and 1.385 
cfs (0.0392 cu mlsec), respectively. The model was 
arranged so that both pumping and generating flow 
could be simulated. Discharges were measured with 
vmturi and venturi-orifice meters. 

THE INVESTIGATION * 
Test Procedure 

In the analysis of the inlet-outlet structure, velocity 
distribution data were taken at two sections in the 
system. One section contained the trashracks and the 
other contained the stoplog slots. A majority of the 
velocities was measured with a small propeller-type 
flowmeter. A cup-type flowmeter and a Pitot tube 

were also used. In all cases, however, only average flow 
velocity data were taken. The severity of the velocity 
fluctuations was evaluated by the author as the average 
flow velocity data were collected. The velocities were 
measured in a grid-type pattern st each section. 

Head loss data were obtained. for the inlet-outlet 
structures including 124 ft (37.8 m) of attached 
penstock. The data were obtained through the use of 
two pierometer- ring-manifolds lone tapping each 
penstock), one piezometer that tapped the reservoir, 
and three open water-manometee (Figure 4). The 
piezometer ringmanifolds were approximately 124 f t  
(37.8 m) from the section where the penstock attaches 
to the circular-to-rectangular transitions. 

Data were taken with various reservoir water-surface 
elevations. It is, however, believed that the 9615 f t  
(2930.7 m) water-surface elevation is  critical with 
respect to velocity distribution and vortex formation. 
This elevation is  the absolute minimuln operating water 
surface for the forebay reservoir. 

Pumping Cycle 

Hydraulic analysis of the inlet-outlet structure began 
with tt.e realization, based on previous experience, that 
a deflector would be required to obtain a satisfactory 
pumped flow velociw distribution through the 
trashrack sections. To verify this experience and to 
obtain knowledge of the flow distribution that would 
be modified, the initial inlet-outlet structure (Figure 5) 
was studied without a deflector. Coarse, rapid velocity 
distribution dara were taken at the trashrack section 
and at a sectic? near the stoplog section. The cup 
flowmeter was!.lused to obtain these data. It was 
observed that the flow was concentrated over an area 
corwing approxmately one-half of the total stoplog I 



F~~~~~ 4. 1:23.23 scale model of inlet.outlet structure and penstocks. Left Photo PX-D-70820. wh t  Phalo PX-D-70818 
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Flgbre 5 Prel~rntnary inlet-outlet strucrure 

section area {Figure 61. The total height of tile stoplog 
section was 30 f t  (9.14 m). I t  was also observed that 
the same flow was concentrated in the lower half of 
the trashrack section. The maximum velocity observed 
at the trashrack section was 9.35 fps (2.85 mlsecl. 
From this information, i t  was concluded that as the 
pumped flc';:.-leaves the penstock it rises for a short 
distance. It is believed that this f low rise i s  a result of 
the momentum established by-the rising penstocks. It 
was, however, observed that Mere was very little flow 
rise between the stoplog section and the trashrack 

section; the f low was nearly horizontal. It was also 
observed that the rising floor concentrited the f low 
and therefore increased the flow velocities near the 
bottom. 

TO improve the velocity distribution at the trashrack 
section, several flow deflectors were tried. Initial 
deflectors (Figure 71, both straight and doglegged 
upward, were constructed to  represent l - f t  (0.30-m) 
thick flat slabs. The angle of rise, from horizontal, for 
the deflectors varied from 10' t o  22'. The deflectors 
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' Figure 7. Final inlet-outlet structure. 

were located at several levels in the structure in an 
attempt to find their most effective position. I t  was 
observed that very high-velocity areas were created just 
above the deflector and low-velocity areas were created 
just below. When such deflectors were allowed to run 
from the stoplog section to the trashrack section. 
velocities as high as 9.20 fps (2.82 mlsec) were 
observed at the trarhrack section. I t  was also noticep 
that the deflectors were only partially successful'?n 
increasing flow in the upper half of the trashrack 
section. To improve the deflector operation, two 
alterations were tried. The first was to shorten the 
deflector's length to 25 f t  (7.62 m). The deflector 
therefore ran from the stoplog section to a position 
approximately halfway between the stoplog section 
and the trashrack section (Figure 7). This allowed 
mixing of the pumpedflow downstream from the 
deflector prior to reaching the trashrack section. Flow 
at the trashrack section was more uniform and flow 
velocity variations were less  pronounced. Flip-type 
blocks were also placed on the upper face of the 
deflector. The blocks forced a portion of the 
r!mpedflow into the upper areas of the trashrack 
section (Figure 8). With these two modifications, the 
final deflector design was obtained (Figure 7). It was 
observed that a maximum flow velocity of 4.8 fps 
(1.46 mlsec) occurred at the trashrack section (Figure 
8). 

Less complete velocity distribution data were collected 
for the future inlet-outle; structure. The observed 

' :  velocity distributions were similar to those obtained 
for the initial structure. I t  wzs observed, however, that 
the flow was mildly concentrated in the right-hand bay 
(looking in the direction of pumped flow). It was felt 

that this concentration was probably oue to the miter 
bends in the future penstock (Figures 3 and 4). These 
bends do not exist  in the initial penstock. The obtained 
trashrack velocity distribution was satisfactory and the 
deflector appeared to be effective. 

A final consideration was given to the necessity of an 
upward facing concave floor'.zn the inlet-outlet 
structures. Testing was done to evaluate a straight, 
upward sloping floor (Figure 7) that ran from the 
stoplog section .to the end of the structure. No 
worsening of the velocity distribuiion was observed. 
With the modification of this floor, the final 
recommended inlet.outlet structure was obtained 
(Figure 7). 

~ 

With the final configuration of the inlet-outlet 
structure determined, the forebay. reservoir water ..,:.. 

. .. 
surface conditions were evaluated during pumped 
operation. It was noted that the severity of the water 
surface disturbance was not increased for two-unit 
operation as compared to one-unit operation. The 
extent of the disturbance was, howeuer, wider spread 
for two-unit oDeration. The disturbance consisted of 
mild boils extending approximately 100 f t  (30.5 m) 
downstream from the area directly above the 
trashracks. The maximum observed boil height was 
approximately 1 f t  (0.3 m). 

Head loss data were taken for the recommended 
inlet-outlet stcucture with the deflector in place. The ,,. 

observed head loss coefficients (the ratio of head loss 
through the system to the velocity head of the flow in 
the penstock) stabilized with resFect to Reynold's 
number (VDIv where V is the average f ldb velocity in 



V E L O C I T Y  D I S T R I B U T I O N  

TRASHRACK S E C T I O N  VELOCITY TRASHRACK AND STOP LOG SECTIONS 

D I S T R I B U T I O N  IN IT IAL  INLET-OUTLET STRUCTURE 

LOOKING IN DIRECTION OF GENERATING FLOW WITH STRAIGHT FLOOR AND DEFLECTOn 
PUMPED FLOW 

VELOCITIES SHOWN ARE PROTOTYPE 
VELOCITIES I N  FEET/SECOND 

r F O O T / S E C O N ~  CONTOUR INTERVAL ,-. 
Figure 8. Velocity dirtribution:tinal inlet-outlet structure. pumping cycle I i r?&cci t l  

8 



the penstock. D i s  the diameter of the penstock, and u 
i s  the kinematic viscosity) at 0.48 for the-;$tial unit 
and 0.52 for the future unit (Figure 9). ~he '~e~no1d ' s  
number values are related to the values of the 
resistance coefficients to show that above a certain 
value the resistance coefficient becomcr constant. I t  
was observed that the above resistance coefficients 
became constant at Reynold's numbers of 5.4 5y 104 
and 4.3 by lo5, respectively (Figure 91. Corresponding 
Reynold's numbers in the prototype will:be several 
times greater than those at which the mode: loss 
coefficients become constant, and therefore the 
obtained resistance coefficients are applicable to the 
prototype. 

Generating Cycle 

The recommended design obtameri through evaluation 
of the pumping cycle flow (Figure 71 was then 
evaluated for generating cycle flow. Once again 
velocity distribution data were taken a t  the trashrack 
and stoplog sections. For these tests, the reserroir 
water level was Leld a! elevation 9615 f t  (2930.6 m). 
Velocity distribution data were taken for the 
~nlet-outlet structure with and without the deflector. 
Head loss data were also taken for the generating cycle. 

lnit~al observation revealed th i t  a vortex problem 
existed for the generating cycle (Figures 10 and 111. 
Testing was done at 100 and 200 percent of design 
discharge for single.unit operation and a t  100 and 125 
percent of design discharge for two-unit operation. 

Discharges greater than those representing the design 
conditions ware studied because of uncertainty in the 
accuracy of vortex modeling. Vortex modeling presents 
similitude problems that, as of yet, have not been 
answerad.lt is  telt that the high discharge tests 
represent conditions that are as bad as, if not worse 
than, actual, prototype conditions. There was a strong 
tendency for vor?er iormation with both one- and 
two-unit operations. I t  should be noted that strong air 
cores were observed at all water surface levels when the 
initial unit was operated at 200 percent of design 
discharge (Figure 10). Although this indication of air 
intake was present, r.0 bubbles were noted moving 

*ciown the penstock. The trashracks were simulated to 
see i f  they would reduce the vortex tendency. Only a 
slight reduction, if any. was observed. 

. 
upper portions of the trashrack section, placing walls 
so that they would alter the flow configuration, and 
floating a raft over the vortex. I t  was decided that 
either the raft.rype suppressor (Figure 12) or a 
suppressor consisting of a lattice-like wall (Figure 13) 
extending from the top edge of the trashracks to an 
elevation of 9621 f t  (2932.3 mJ would be the most 
effective. The raft studied (Figure 12) was composed 
of six 16-ft (4.88-m) by 20-ft (6.10-m) segments. The ' 

cross members of the segments were spaced at 2-ft 
(0.61-m) centers for both directions. The depth of the 
segments was 2 f t  (0.61 m) as was the diameter of the 
supporting cylindrical pontoons. The lattice wall 
(Figure 13) extended oi!!. over the trashrscks on a 1:3 
slope which i s  perpendicular JQ the trashrack face. 
Lattice walls corresponding to both s t %  and 
reinforced concrete structures were tested and found 
satisfactory. The lattice wall shown in Figure 13 
corresponds to the reinforced concrete structure. The 
cross members in both directions are at 4-ft (1.22-rnl 
spacings. The depth of the wall was 1 f t  (0.30 ml. 
Neither the raft nor the lattice wall stopped the 
rotation in the flow, but both eliminated air intake 
into the penstocks. Figure 14 shows the lattice wall 
operating under-various flow conditions. 

The velocity distributions obtained a t  the trashrack 
section were nearly uniform (Figure 151. The 
maximum velocity observed was 3.90 fps (1.19 Mlsec) 
and this was in the portion of the trashrack section 
affected by the vortex. The velocity distributions at 
the stoplog section were also quite uniform (Figure 
15). Mild flow concentrations were observed in the 
lower left-hand corner (when looking in the direction 
of pumped flow) of the stoplog section. Flow 
disturbances were also observed at the stoplog section 
near the deflector. From this it was concluded that the 
flow distribution for the generating cycle was 
satisfactory. '' 

Head loss data were taken for the recommended 
inlet-outlet structure with the deflector in place. The 
observed head loss coefficients stabilized with respect 
to Reynold's number at 0.34 for the initial unit and at 
0.37 for the future unit (Figure 61. I t  was observed 
that this stabilization occurred at Reynold's numbers 
of 3.75 by lo5 and4 by lo5, respectwely (Figure 16). 



Figure 9. Pumping cycle head loss curves. 
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9630 ft  water surface elevation. Left Phato PX-D.70823. right Photo PX-D-70826 

9645 ft water surface elevation. Left Phato PX-83.70824. right Photo PX-D-70827 

Figure 10. Vortices, generating cycle, one-unit operation. 



9615 ft. Photo PX-D-70828 9630 ft. Photo PX-D-70829 

9645 ft  water surface elevation. Photo 
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F gure 11. Vortices, generating cycle, two-unit operation. 
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9615 I t  water surface elevation. Left Photo PX-0.70831. right Photo PX-D-70834 

9630 f t  water surface elevation. Left Photo PX-D-70832, right Photo PX-0-70835 

9645 ft water surface elevaticn. Left  Photo PX-0-70833.  rlghl Photo PX-0-70836 

One-unit operation Two.uni1 operation 

2009(, discharge 125% discharge 

Generation vortices with suppression structure 

:~gure 14. Vortices, generating cycle with rupprerrion srructure. 
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Figure 16. Generating cycle head lorseurver. 
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-. must be distinguished from the iinconrwntl local weight of a body having a man of 1 kg, that is, theweight of a 
. b d y  is that force whh which a body ir attracted to  the earth and is equal to the mass of a body multiplied by the 

aczelerdtion due to  gravity. However, treeaure it ir general practice to  use "pound" rather than the technically 
correct term "pound-force." the term "kilogram" lor derived mars unit) has been used in this guide instead of 
"kilogram-force" in expressing the converrian factarr for forcer. The newton unit of force will find in'rearinq "re. 
and ir essential in SI unirr. 

Where approximate or nominal ~.&lish unitr are used to  express a value or range of valuer. the convened metric 
""itl in parentheses are also approximate or ilominal. Where precise English uniir are wed. the converted metric 
units are expressed a% equally significant valuer. 

Table I 

- QUANTITIES AND UNITS OF SPACE - 

- LENGTH - 

. . . . . . . . . . . . . . . . . . . . . .  Mil . . . . . . . . . . . . . . . . .  25.4lexactlyl Micron 

. . . . . . . . . . . . . . . . . . .  lneher . . . . . . . . . . . . . . .  25.4lexacltvI hlillimeterr 
. . . . . . . . . . . . . . . . . .  Inch- . . . . . . . . . . . . . . .  2.54 iexuctlyl' Centimeters 
. . . . . . . . . . . . . . . . . .  Feet . . . . . . . . . . . . . . . .  30.49 icxzctlyi Centimeters 

. . . . . . . . . . . . . . . . . . .  Feet . . . . . . . . . . . . . . . .  0.3048 lexartlyl' Meters 
. . . . . . . . . . . . . .  Feet . . . . . . . . . . . . . . . .  O.OW3046 (exactlyl. Kilometers 

. . . . . . . . . . . . . . . . . . . .  Yards . . . . . . . . . . . . . . .  0.P:: Y (exactly1 Meters 

. . . . . . . . . . . . . . . . . . . .  Miles Irtatutel . . . . . . . . . .  1.609.344 iexactlvl. Meters 
. . . . . . . . . . . . . . .  Miles . . . . . . . . . . . . . . . .  1.609344 (exactly1 Kilometers 

AREA - 

. . . . . . . . . . . . .  Squarc inches . . . . . . . . . . .  6.4516 IDXICIIY) Squarecentimeters 
Square feet . . . . . . . . . . . .  '929.03 . . . . . . . . . . . . . . . . . . . .  Square centimeters 

. . . . . . . . . . . . . . . . . . . .  Square feet . . . . . . . . . . . .  0.092903 Square meterr 

. . . . . . . . . . . . . . . . . . . .  Square yards . . . . . . . . . . .  0.836127 Square meters 
Aerer . . . . . . . . . . . . . . . . . . . . . . . .  '0,40469 Hectares . . . . . . . . . . . . . . . .  
Asrer . . . . . . . . . . . . . . . .  '4.046.9 . . . . . . . . . . . . . . . . . . . . . . . .  Square meterr 
Acres . . . . . . . . . . . . . . . .  '0,0040469 . . . .  : . . . . . . . . . . .  Square kilomewis 

. . . . . . . . . . . . . . . . . .  Square miles . . . . . . . . . . .  2.58999 S v w e  kilometers 

. . . . . . . . . . . . . . . . . . .  Cubic inches . . . . . . . . . . .  16,3871 Cubiccentimetcrr . . . . . . . . . . . . . . . . . . .  Cubic feet . . . . . . . . . . . . .  0.0283168 Cubic meters 
. . . . . . . . . . . . . . . . . . . .  Cubic yards . . . . . . . . . . . .  0.764555 Cubic materr 

CAPACITY 

. . . . . . . . . . . . . . . . .  Fluid oun~r lU .S .1  . . . . . . .  29.5737.. Cubiccentimeters . . . . . . . . . . . . . . . . . . . . . . .  Fluid ouicerlU.S.I . . . . . . .  29.5729 Milliliters . . . . . . . . . . . . . . . . . .  Liquid p ins iU.S.1 . . . . . . . .  0.473179 Cubic d=lmereir 

. . . . . . . . . . . . . . . . . . . . . . . .  Liquid pints 1U.S.l . . . . . . . .  0.4731f6 Liters 
Ouanr iU.S.1 . . . . . . . . . . . . . . . . . . . .  '946.358 Cubic centimeters . . . . . . . . . . .  
OuartS lU.S.1 . . . . . . . . . . . . . . . . . . . . . . . . .  '0.946331 Literr . . . . . . . . . . .  
Gallonr IU.S.1 . . . . . . . . . . .  '3.785.43 . . . . . . . . . . . . . . . . . . . .  Cubiecentimcterr . . . . . . . . . . . . . . . . .  Gallons 1US.I . . . . . . . . . . .  3.78543 :. Cubic decimeters 

. . . . . . . . . . . . . . . . . . . . . . . . .  Gallons (US.) . . . . . . . . . . .  3.78533 Liters 
Gallonr (U.S.1 . . . . . . . . . . . . . . . . . . .  WOO378543 Cubic meters . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  Gallon9 1U.K.I . . . . . . . . . .  4.54609 Cubic decimeters 

. . . . . . . . . . . . . . . . . . . . . . . . .  Gailanr IU.KY; .  . . . . . . . . .  4.54596 Liters . . . . . . . . . . . . . . . . . . . . . . . .  Cubic feel .'."I . . . . . . . . . .  28,3160.. Literr 
. . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cubic yards '764.55 Lirerr 

Asrefeef . . . . . . . . . . . . . . . . . . . . . . . . .  '1,2315 Cubic meterr . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Acrefeet . . . . . . . . . . . . .  '1,233,500 Liters 



T a m  I, 

QUANTITIES a l l 0  UNITS OF MECHANICS 

M v l w y  BY Tooblain 

Gruinr I l l l ,O03lb l  . . . . . . . . .  64.79891 Irxartlyl . . . . . . . . . . . . . . . . . . . . .  hliiligroms 
Troy oun-5 1480 p i n 4  . . .  31.1035 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Grrmr 
O lmcr  lardpl . . . . . . . . . . .  28.3495 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ r r m s  
Pounds Inrdpl . . . . . . . . . . . .  0.45359237 Iexartlyl . . . . . . . . . . . . . . . . . .  Kllogiam$ 
Shon lomI2.OW ibl . . . . . . .  907.185 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I(#lugra#ns 
S h m  tons 1 2 . 0 ~  i t1 . . . . . . . .  0.807185 . . . . . . . . . . . . . . . . . . . . . . . . .  Metric tons 
L~ogienrl2.24oibl . . . . . . . .  1,01805 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~i logramr -- 

FORCEIAREA -- -- .- .. -. -. -- - - - . 
Pound-oerrau: e inch . 0.070307 . . . . . . . . . . .  Kilogram wr muarcccntimtler 
Pounds oer square inch . . . . . . .  0.685416 . . . . . . . . . . . . . . . . .  Newtons wr muarccenimaler 
Poundroeirpuarefoot . . . . . . .  4.88243 . . . . . . . . . . . . . . . . . . .  Kilogramrocrr~uanc m n e r  
Paundiperrqurrefoef . . . . . .  47.8803 . . . . . . . . . . . . . . . . . . . . .  N w m n l n e r  muarc meim - 

MASSWOLUME IOENSITYI 

-- MASSICAPACITY 

Ourxcs pcr g&on 1U.s.i . . .  7.4893 . . . . . . . . . . . . . . . . . . . . . . . . .  Gramrprr lirer 
Ouncrr per gallon 1U.K 1 . . . . . .  6.2382 . . . . . . . . . . . . . . . . . . . . . . . . . .  Giamlper l i ter 
Pounds per gallon IU.S.1 . . . . . .  119.829 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Grarnroer l i f~r  
vound$ per gallon 1o.1-.I . . . .  98.779 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Giamloer liter 

BENDING MOMENT OR TOROUE 

Tsble It-Con:murri 

M~ l t i l l l "  BY To obmn 

WORK &NO ENERGY' 

. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  8iilish lhvrmri unl. l8 tu l  '0.252 Kilogram calories 

. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Brii#sh thermal unit3 (8fu l  1.05506 Joule% 
. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  8tu per 2,378 ~ e x r d y l  Jrruler per gram 

. . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  Frarpaundr .1.35582.. .'>. Joules 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Horrpuwm 745.700 Wet13 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  BIU per hour 0.293071 Wan, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  ~ ~ ~ t . ~ ~ ~ ~ d ~  per rsmnd 1.35582 wanr - 
-- HEAT TRANSFER 

870 in.lhr h2dcgrcr F Ik. 
. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  rherml ~ o ~ d ~ c ~ i ~ i i y l  0,1240 Kg callhr m denrec C 

. . . . . . . .  . . . . . . . . . . . . . . . . . .  Btu f i ihr h2 degree F '1.4880 Kg c d  mlhr m2 dc9r.e~ 
B ~ U M  n2dcgreP F IC. 

. . .  . . . . . . . . . . . . . . . . . . . . . . .  rhermal m n i l ~ c t m r e ~  O S M  Milliwarirlcm2 dwe= C 
8tulhr h2dqres  F IC. 

. . . . . . .  :herma1 mndurtanrrl 4.882 Kg callhr m2 degre C 
oeqra F hr n 2 1 8 t ~  IR. 

. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  thcrrnz~ relinance~ 1.781 ~ e g p e c r m ~ ~ m i ~ ~ i w a t t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 8tilllhdesree F Ic. l ra topr r i t v !  4.1868 Jigdegree C 

. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  et , ,~~b degree F '1.Wo caUgiarn degree C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  F I ~  imermri diffurlvityl 0.2581 crn21szr 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  ~ t 2 l h r  <thermal dilfvrivllyl _ P . W 2 9 0  .- M21hr 

w J E F 4 P O R  TRANSMISSION -- 

F e ~ t  om k m d  . . . . . . . . . . .  30.48 lexartlyl . . . . . . . . . . . . . . . . . .  Cenlimetcrr~er wrond 
Feet per *and . . . . . . . . . . .  0.3WB iexanlyl' . . . . . . . . . . . . . . . . . . .  h!ewrsper wrond 
F e t  por w a r  . . . . . . . . . . . . .  10.985873 r . . . . . . . . . . . . . . .  Cmtimewrr per recond 
Miles per hour . . . . . . . . . . . .  1.809344 Iexacclyl . . . . . . . . . . . . . . . . .  Kilome!er%rr~r houi  
Milor m hour . . . . . . . . . . . .  0.44701 Iexactlyl . . . . . . . . . . . . . . . . . . .  hleterrperwand 

ACCELERATION' 

~ e e t  per r e m d  . . . . . . . . . . .  '0.~048 . . . . . . . . . . . . . . . . . . . . . . . .  ~ m r r  p r  secondZ 

T3blSll l  

OTHER WANTITIES AND UNITS 

Mvltiply BY 

Cubic let prrecond 
1sseod.fm) . . . . . . . . . . . .  '0.028317 . . . . . . . . . . . . . . . . . . . . .  Cdbie memrrper v rond  

Cub ic le t  per minute . . . . . . . .  0.4719 . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ i r s r r ~ e r  = r m d  
GullonsIU.s.l pnminufe . . . . . .  0.06309 . . . . . . . . . . . . . . . . . . . . . . . . .  Literrper wrond 

. . . . . .  '4. 
. . . . . . . . . .  . . .  rmnd Iviwmiwl '0.W2903 

. .  . . . . . . . . . . . . .  os Ichanwl' 5i9cractly 
. . . . . . . . . . . . . . . . . . . . . .  Valn or. mil 0. 

. . . . . . .  Lvrnenr per muare loot IIooi.cmdlel1 
. . . . . . . . . . . . .  Ohmcircular m11.pr b o l  

Uiilicuri..~.rrubicfoal . . . . . . . . . . . . . .  
Milliampr per rguare f m r  . . . . . . . . . . . . . .  
G.1lon.D.r square yard . . . . . . . . . . . . . . .  
Povndtpu inch . . . . . . . . . . . . . . . . . . . .  
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