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PURPOSE 

These studies were made to develop self-cleaning 
energy diaipators to be placed at the outlet ends o f  
corrugated-metal-pipe culverts under trails and 
roadways. 

RESULTS 

1. The hydraulic model study produced a basic design 
for energy dissipators to be used with either annular o r  
helical mrrugated-metal pipe. The p i p  may be any size 
up t o  36 inches. 

Forest Service and were used as guidelines du one annular and one helical, were obtained 
leboratory development of the dissipater: commercially i o  represent p i p  underdrains. The model 

\b 

2. The dissipator operates satisfactorily for pipe slopes 
between 0 and 66.213 percent. A slight modification t o  Figure 1. Unprotected field underdrain. Scour at outfall end 
the basic design is required for Slopes greater than 40 of 12-inch underdra~n. Photo Px-0-@551 
percent. 

3. The energy head (v2/2g plus flow depth) in an 
18-inch corrugated-metal pipe may be as great as 10 
feet. 

4. The energy dissipator i s  self-cleaning for either 
rocks or floating deb1 is. 

5. The dissipator will operate satisfaclorily regardless 
of backwater elevation. 

6. By using the data presented in Figures 7, 10, and 
18, an energy;dissipator may be dimensioncLd for sny 
installation. ',<\ 

APPLICATION 

1. The basic energy dissipator would accommodate 
an 18-inch corrugated-metal pipe, either annular or 
helical. Pipe slopes would vary from 0 to 66.213 
percent, and the maximum energy head in the pipe 
would be 10 feet. 

2. The design would stress simplicity so that parts 
o f  a unit energy dissipator could be handled 
manually and be readily assembled in place. The 
dissipator could not be rigidly attached to, nor 
support, the pipe. -- =- 

-=2\ <. 
3. The enfrgy dissipater would be sel f3lea-a of 
soil. rocks (up t o  6 inches), and floating d e b r t s x i -  
would be so designed that manual cleaning could be -> 

easily performed. 

The energy dissipator may be used t o  prevent scour at 4. Any dissipator part subjected to wear from 
the outfall of small underdrains for trails or roadways. impact by objects carried in the flowing water 

should be easily replaced 2s maintenance required. 

INTRODUCTION 5. Disdpators should be developed for each of three 
energy head ranges: 0 to 2.5 feet, 2.5 to 5.0 feet, 

The Forest Service, US. Department of Agriculture, and 5.0 t o  10.0 feet. Exit velocities for the energy 
requested the Bureau of Reclamation ro design an head range 0 t o  5 feet should be 2 fps, and the 5- t o  
energy dissipator t o  be usd at the outfall end of small 10-foot range should be 3.5 fps. (Note: This 
underdrains. An  energy dissipator was needed to requirement was deleted by the Foresr Service 
prevenr the scour and undercutting which occurred representative as discussed later.) 
durins each ooerarina season and which rewired 
extensive maintenance to these stru&ures 
(Figure 1). THE MODEL 



scale, 1:1.8, was thus set, and all basic studies were 
based on the hydraulic characteristics of an 18-inch 
corrugatedmetal pipe. Trunnions were mounted on the 
horizontal centerline of the pipe 9 inches from the 
outfall end, and the laboratory piping was so arranged 
that a dresser coupling could be installed in line with 
the axis of the trunnions. By rotating the pipe test 
sect ion and i t s  lead-in peping around the 
trunnion-dresser coupling axis, any desired 
corrugated-metal pipe slope from 0 to 65.213 percent 
could be set (Figure 2). 

A. lOinch ennular cor ru~ted-meta l  pipe S = 66-213 percent. 
Photo PX-0-68541 

6. lOlnch h e l d  corrugated-meul ptpe S = 10 percent. I 

Photo PX-0.68547 

F w r e  2. Laboratory ~nrellatmn. 

permanently installed laboratory pumps, and passed 
through any selected one of five venturi meters. The 
laboratory system couid deliver and accurately measure 
any model flow representing up to 46.5 cfs, which i s  
the discharge through an 18-inch mrrugated-metal pipe 
flowing fdl on a 66.213 percent slope. 

The corrugated-metal pipe outfall terminated in a 
watertight box 10 feet square in plan. and 5 feet deep. 
Water depth in the box could be adjusted up to the 
elevation of the pipe outfall centerline (Figure 31. The 
various energy dissipator configurations desired for 
study could be readily installed in  the watertight box 
and adjusted in  location with respect to the pipe 
outfall. Thus, pipe slope, discharge, and tailwater depth 
could be adjusted for each energy dissipater' 
configuration. 

THE INVESTIGATION 

Floor and Sidewall Study 

Adjustable floor and sidmvall panels were installed in 
the model box with the exit end of the floor 72 inches 
wide, 43 inches below, and 75 inches downstream from 
the corrugated-metal-pipe trunnions (Figure 4). The 
sidewalls were vertical. The tailwater was varied to 
study flow patterns as floor and sidewalls were rotated 
about the downstream end of the dissipator (Figure 5). 
The jet from the p i p  concentrated in  the center of the . 
energy dissipator at a l l  discharges, and skipped across 
the w a r  r u r p e  at high tailwater. The deep pool a t  
the d0wnstrea.h end of the dissipator appeared to be 
unnecessary. 

Partial floor panels, which were so designed that the 
exit end could be sloped upward into the stream, were 
installed a t  various locations downstream from the pipe 
outfall, and a baffle panel was placed in the path of the 
jet to spread it and deflect the flow downward (Figure 
4Al. For all configurations tested, the flow wep t  out 
of the dissipator for energy heads greater than about 
2.2 feet (Figure 6). 

Baffle and Deflector Study 

The previous study indicated that the baffle panel was 
very effective in spreading and directing the jet 
downward. A study was made with various baffle 
panels and a deep upstream pool (F~gure 4C). Flow was 

I deflected downward parallel t o  the face of the baffle, 



and could be directed back upstream by adding a 
deflector t o  the bottom edge of the baffle. With the 
proper combination o f  baffle, deflector, and an upward 
sloping floor extending downstream from the plane o f  
the baffle, the hydraulic jump could be held upstream 
from the baffle for all discharges and backwater 
elevations. 

Exit Width Computation 

A mathematical study was made concerning the 
requirement of a free discharge velocity of 2 fps for 
energy heads up to  5 feet, and 3.5 fps for energy heads 
between 5 and 10 feet. The f low w ~ l l  pass through 
critical velocity (Vc) as it leaves the exit end of the 
energy dissipator in a free discharge mode. The 
required width (W) of the energy dissipator exlt for 
any assigned crltical veloc~ty and discharge (Q) may be 
computed from the relationship 

Qg w =- 
vc3  

where g is the acceleration of gravity. With the ,  
suggested maximum free flow exit velocity of 2 fps, 
and the maximum discharge o f  25.5 cfs for an energy 
head o f  5 feet, the required energy dissipator exlt 
width would be over 100 feet. I n  view of  the 
impractical widths necessary-to meet the suggested 
maximum exit velocities, representatives of the Forest 

energy dissipatoLthe lower surface of the jet from the 
corrugated.metal pipe must strike the baffle at or near 
the intersection of the baffle and the deflector. The 
optimum location o f  the bottom of the pipe in relation 
to  the baffle and deflector for the basic energy 
dissipator is shown in Figure 10. The minimum 
horizontal distance shown, one pipe diameter or 18 
inches, is arbitrary with respect to energy dissipation, 
but is considered a safe minimum distance to permit 
cleerance of debris discharging from the pipe. 

The pipe outfall positioning asghown in Figure 10 will 
permit satisfactory energy dissipation for all pipe 
slopes as shown. However, for the steeper slopes and 
higher vertical positions (above 40 inches), some splash 
over the walls of the dissipator and the top o f  the 
baffle splash guard should be expected. Some 
additional splash protection may be required for these 
extreme conditions depending on the dissipator 
location and discharge requiremen? ' ; 

Splash Guards 
. ,  .. . - ,... 
A strong component o f  tne jet from ihe pi$.will be 
deflected upward along the verzical face of the baffle. 
.- 
- I  his high-velocity sheet of water, when deflected 

Setvice deleted-the exit ;elo&y requirements. stream by the "lip" on top of the baffle plate, wil l  
. . se.excessix~.splash: (Figurc 11A). A spla:h guard 

. .: cti$c;to the ups~rei? edg? 3f th8 lip-*xtensio+~i'lI 
MMEKDED DESIGN ~. , . . r n t h c  sheet ofwater dopnw&and y k .  el:miyat~, the 

tisfactory splasd'and spray as shown, ;iTZFigure 
Basic Energy Dirsipator 1 B. The recommended baffle splash guard'dimensions 

are shown i n  Figure 7;* ... 
3 The optimum configuration for each part of the energy ,s' 

dissipator were combined t o  form a basic energy In  this model study, an annular r in i 'o f  open area 
dissipator. The 1:1.8 scale model dimensions are shown existed between the corrugated p.ip<'and;the backplate 
in Figure4D.. ; of the energy dissipator since't i  pipe was not rigidly - 

attached to  the dissipator. The backplate was subjected 
T h e  recommended basic energy dissipator to  random jets and surging, and a large flow of  water 
co"figuration for an 18-inch corrugated-metal pipe is issued out between the pipe and the backplate (Figure 
shown i n  Figure 7. The baffle and deflector location, 11A). This f low would tend;.to scour the bedding 
upstream dissipater width, downstream wall material around the outfall end of the corrugated-metal 
divergence, and exit l ip elevatjon must be consider@ as pipe and arpund the dissipator. A 4-hch-wide splash 
critical dimensions. Other dimensibns shown such as guard or ' deflector cas shown i n  Figure 7 is 
splash guard locations, slight slope to  the upstream recommended for ir2tallation on the backplate,-<:c 
floor, and wall height, may be varied for given protect the intersection of the pipe and backplate  fro^ - 
locat ions and discharge requirements. The di(%ct jets orsurges. 

' recommended design, fabricated of sheet metal, is , B 
' $  

shown installed in the watertight tail box i n  Figure 8. 
and in detail i n  Figure 9. 







--, . .. 9".-- ...-. ". ,,.," .... ' .-' .. .... ..-.-.. -- .... - .... -. 
along thc vertical base of the hafflc. ijnd dcflcctccl 
urlstream bv the dcflcctor to sr~rcod lalerallv and s~rike 

potential of v rious dissipstor designs (Figure 12A1. P.:l 
of ~ h c  stones were ejected from the cnergv dissipatar 
within 1 rniriutc (Figure I?B). The design i s  cxcellerit 
i 7 r  sclfdcarring of nnnfloating debris. 

Random lumbcr scraps were dumped into Ihc pool 
upstruani from rhc baffle to reprcscnt floating debris. 
Thcsc floating part[cIes, i n  order to bc tljectcd from the 
cricrgy dissil~ator. would have to be trapr~cd by the jet 
from the corrugated-metal pipe. swept under the water 
surface, and out under thc baffle. Many 1)icr.e~ would 
be repcatcdly swept irridcr *;Jatcr only to rcsurfiice 
upstrcarn from the bafflc I,cfon! finally being ciectcd 
undcr the I~alfle. Ttvcnty-five 11iccc.j of scrap lumber 
dumpccl irito rhc cipsfrean; frool rvcrc ejectid from the 
dissipater in about 45 rninuccq with the dissipntor 
discharging 10 cfs. The cjcction tr! floating dcbris. 
atthnugh slow, i s  satisfxtory. 

Figurc 6. Flow dellccior and upward slo~ing Ilaor. Notc 
sweepour. Phom PX-0-68528 

Slopes Greater than 40 Percent 

For p i ~ e  slo~cs greater than 40 Ilerccnt, the flow from 
the basic cnerclv dissinator tended to scnaratc from thc 

Thc additiorl of two fillers. one on c i h r  side of the 
up:trcam basin extending from the hatflc deflector !o 
s ; h h  guard (Figure 131, produced satisfactory flow 
for all pipe slopcs from 40 to 66-213 percent. Figure 14 
shows the flow conditions for a pipe slopc rrf 40 
percent with and without the upstream fillcrs installed. 

For corrugated-metal-pipe slopes less than 40 pcrccnt. 

diverging sidewalls. Thc corner fillers (Fi! 
br! used for pipe slopes ~rcater than 4[ 
should not be i m d  for g ~ p c  slopes less th 
A: 40 perccnl pipe slopc rhc dissipntc 
r!qually well with or withou? thc corner 1 

Dissipater Backwater Studies 

Thc dissipator exit l ip was placed i 

d sufficient backwat~ 
sipator to ,->revent s\%r:c 
itream from tho dissip 
critical vclocily at tho 





Figure 8. Overall "iew. typi&l energy dirsipator instal' ,ar;on.~~. ' 

Pipe slope i s  66213 percent. ~ t p t a  PX-D-68542 " 
. - .~ 

\,\ 

15A s:iows the free outf lov~ conditions with the P I , ~ ~ ~ P X . , D . E , ~ ~ ~ ~ ~  
corrugated-metal pipe entering the upstream basin on a ~.. 

25 Percent slope, an entrance energy head of 5 feet, dissipator (Figures 28 and 16A). The system was tested 
and a d i s s i ~ c o r  exit velocity (critical) o f  5.2 fps. Some with severaldifferent pipe slopes, and various XB-YB 

. added prdieqtion woul&robably  ee required in the locations as shown on Figure 10. The performance o f  
' 

downstream cf?annel altliough theexit energy head has the. energy dissipator was the same with the helical 
been reduced to about 1 foot. corrugated-metal  p ipe as with the annular 

, . I! corrugated-metal pipe. The helical cnrrugations caused 
The same entrance f l od i  25 percent pipe slope and 5 a f in of water to form on the left side at the pipe 
fee t  of entrance energ$head, was.discharged through outtall (Figure lGB); however, except for a slight 
the system, but with;:' jbufficient backwater t o  produce increase in splash in the upstream basin, the f in did not. 

. an average exitvelocity of 2.2 fps.(figure 158). With adversely affect the f!ow i n  the energy dissipator. The ' 
this low exit vdocity l i t t le scour would be expected water in the upstream basin (Figure 16C) and the exit 
downstream from the energy dissipator. flow from the dissipator was symmetrical for all 

' discharges. -- The dissipator exit conditions for a pipe ~!ope o f  25 
-- percent. 20 entrance energy head of 2.8 feet, and a Energy Dissipater Dimension' Factors 

dissipator exit velocity o f  about 3.3 fps, is shown in 
Figure 15C. Althouoh this exit velocity is just critical. The recommended basic energy dissip'ator included the 
the exit f low i s  tranquil and little scour would be optimum features o f  all the designs tested for . ., 

expected. self-cleaning, sim~licity, and energy dissipation for an 
energy head ;2f 5 feet with an 18-inch corrugated-metal 

The backwater study indicated that the energy pipe flowing f d i ?  The basic design produced 
dissipator will contain the hydraulic jump upstream unsatisfactorily rough flow when the energy head was 
from the baf f le ' fo r  all discharges, regardless o f  too great, and unnecessarily tranquil flow when the 
backwater, but the exit,flow from the dissipator wil l  maximum anticipated energy head was small. A study 
pass through critical velocity at the exit l ip unless some with the pipe on a slope o f  50 percent indicated that 
type of backwater pool is provided. Where the.terrain the flow from the dissipator was unacceptably rough 
is such that a backwater pool i s  not feasible, some for an energy head of 8.0 feet (Figure 17A), and 
channel protection wil l  be needed to protect agai;i'st undesir~bly rough for an energy head of 7.2 feet 

. scour caused by the critical exit velocity for the (Figurc 178). These flows produced "boils" and a very 
:, maximum design discharge. . . rough water surface i n  the downstream basin whicv.c=, 

. . 
-. 

turn caused uneven flow distribution and relatively 
Helical &'?jugated-metal Pipe .. high velocity jets to emerge from thedissipatol, The 

flow was acceptable for an energy head o f  6.2 feet 
.- A "helical corrugatedmetal pipe was installed to  (Figure 17C), and quite smooth for an energy head o f  

discharge into the recommended basic energy 5.0 feet (Figure 170). This study indicated that the 

. . - .  
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FOREST SERVICE 
ENEF-Y DISSIPATOR 

FOR 
18.1NCH CORRUGATED PIPE 

Flgure 10. Location of invert of dirharge end of 
18-inch mrru~ted-meml pipe for various Pipe slornr. 



A. N o  baffle rplarh guard. Note exaesrive Photo 8. With baffle splash guard. Note iet returning to basin. 

PX.0-68536 Photo PX.D.68531 , 
Fisure 11. Baffle splash guard. 

8. AII nones were swept from the disripator w t h m  1 
m~nute. Ph'to PX-D-EB534 

A. Inrert~ng .andom stzed stoner upstream f m m  the basin. 
Photo P Y  0.68533 

F~gure 12 Dtssipalor -If-cleaning of stone. 



Figure 13. Baffle mrner fillers to be "red with pipe dopes 
greater than 4 0  percent. Photo PX-0-68552 

basic design would operate sa?isfactorily with a pipe 
slope o f  50 percent and a maxmum energy head o f  
about 6.7 feet. 

A series o f  studies were made t o  determine the 
maximum acceptable energy head for any pipe slope 
when used with the basic energy disripator. The values 
thus determined were plotted on the discharge-energy 
head curve for each pipe dope, with the resultant line 
labeled. "basic dissipator" (Figure 18). This basic 
energy dissipator for an 18-inch pipe has the 
dimensions shown in Figure 7. 

Using the results for the basic energy dissipator as a 
model, a family o f  curves was generated to show the 
minimum size o f  energy dissipator required to  
satisfactorily handle the flow through an l&inch 
corrugated-metal pipe for any combination o f  
discharge and pipe slope producing energy heads up to  
11 feet (Figure 18). 

Thus, the dimension factor for an energy dissipator to  
be used with an 18-inch corrugated-metal pipe for any 
given pipe slope and maximum discharge may be 
determined from Figure 18. The dimensions o f  the 
dissipator are determined by  applying the interpolated 
dimension factor, or the next higher factor, t o  all 
dimensions shown i n  Figure 7, and to  the XB-YE 
values for the location o f  the outfall end of the 
corrugated-metal pipe. Figure 10. 

A Wnthout corner f~l lerr .  Photo PX-0-68543 

8. Wlth corner\ffllers Photo PX-0.68544 
i 

Figure 14. Operation with a pipe dope of 4 0  percent-with 



A. 0 = 19.5 cfs He = 5.0 feet S = 25 percent Exit depth = 7.6 
inches Critical exit V = 5.2 fps (No backwaterl Photo 

PX-D.68532 
. . ... 

B. Q = 19.5 cfs He  = 5.0 feet S = 25 Percent Exit depth = 18 

inches Exit veloctty = 2.2 ips lwmh backwater) Photo 

PX-D.68530 

C. Q = 6.5 cfs He = 2.8 feet S = 25 percent Exit depths - 4 
inches Critical exit V = 3.3 Ips (No backwaterl Photo 
PX-D-58535 

A. H e l i d  corrugated-metal pipe in the model. Photo 
PX-D-68548 

B. Note water fin on left side ot exit flow. Photo 

PX.D-68554 

C. Note uniformity in upstream basin. Photo PX-D-68550 

Figure 15. Dissipatoraxit and backwater conditions. 



A.  Q = 21.5 cfs. He = 8.0 feet. S = 50 percent. Note B. Q = 17.4 cfs. He 9 .2  feet, S = 50 percent. Note surges 

unacceptably rough flow. Photo PX-0-68537 downstream from dissipator. Photo PX-D-68538 

C. Q = 13.0 ds, He = 6.2 feet, S = 50 percent. Acceptable D. Q ' 8.7 cfs, He = 5.0 feet, S = 50 percent. Relatively 

flow. Photo PX-D-68539 smooih flow. P hot0 PX-0.68540 

Figure 17. Acceptable and unacceptable flow. Note wave action on backwall of box. 

Example to dimension an energy dissipator for an corrugated-metal-pipe underdrains of sizes other than 
18-inch corrugated-metal-pipe underdrain on a 30 18 inches. Values of the parameters for an 18-inch 
percent pipe slope and a maximum discharge of 5.0 corrugated-metal pipe in Figures 7, 10, and 18 may be 
cfs: From Figure 18, the dimension factor i s  0.56. multiplied by a ratio "N" to determine companion 
Modify all tinear dimensions shown in Figure 7, Basic parameters for the desired piae size. 
Energy Dissipater, and the XB-YB values in Figure 10 
by the factor 0.56. P N =- 

18 

As a check on the application of the dimension factor 
chart, a 1 :I  .8 scale model of the energy d~ssipator for P = nominal corrugated-metal-pipe slze (inches) 

the above example was constructed and installed in the 
laboratory test box (Figures 19 and 20A). This 

Parameter Multiplier 

comparatively small energy dissipator was tested for Linear measurements N 
several pipe slopes and a range of discharges up to 5 cfs 
(figure 2081. Energy d~ssipation was excellent far all fnerg\;head{-+depth) v2 N 
pipe slopes and discharges tested. 29 

Discharge 5/2 
Figures 7 and 18 are applicable without reservation for , 
energy dissipaters to be used with 18-inch Pipe slope 1 

.' corrugated-metal pipe underdrains. 
The new charts generated from the computations could 

Pipes other than 18 inches be applied to any desired corrugated-metal-pipe site. 
The author feels that the energy dissipator developed 

dimensions and in this report may be here should not be used for corrugated-metal-pipe sizes 

r e c  ,, e d  to  generate for larger than 36 inches without further model studies. 

13 
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Table I 

QUANTIWS AND UNITS OF SPACE 

Mvlti~lv Bv TO obtain 

LENGTH 

. . . . . . .  . . . . . . . . . . . .  Ml1. 25.4 (exactly). Mcron . . . . . . . . . . .  . . . . . . .  Inches 25.4 (exactly). MUUmeters . . . . . .  . . . . . . . . . . .  2.54 (exactly)*. CenUmeters . . . . . . . . . . . .  . . . . . . .  Feet 30.48 (exactly) Centlmeters . . . . .  . . . . . . . . . . . .  0.3048 (exactly)*. Meters . . . . . . . . . . . .  0.W3048 (exactly)* . . . .  Wometers 
Yards 0.0144 (eractl ) . Meters . . . . . . . . . . .  
MUes (statute). . . . . . . .  1.W9.344 (exactly{* : : . : : : Meters . . . . .  . . . . . . . . . . . .  1.609344 (exactly) Kllameters 

- AREA - 
. . . . . .  Square inches. . . . . . . .  6.4516 (exactly) Square cenumetere . . . . . . . . . .  . . . . . . . . .  Square feet 828.03*. Square centimeters . . . . . . . . .  . . . . . . . . .  0.092803 Square metere . . . . . . . . .  Square yards . . . . . . . .  0.836127 Square meters . . . . . . . . .  Acres . . . . . . . . . . .  0.40460' Hectares . . . . . . . . . . .  4,046.8* . . . . . . . . . . .  Square meters . . . . . . . .  0.0040468* Square Mometers . . . . . . . . . . .  . . . . . . . . .  Ssuare d e s  . . . . . . . .  2.58999. Sauare ktlometers 

Cubic inches 16.3871 Cubic cenumeters - - . . . . . . . . . .  . . . . . . . .  . . . . . . . .  Cubic feeL . . . . . . . . .  0.0283168. Cublc meters . . . . . . . . .  Cubk yards. . . . . . . . .  0.784555 cublc meters 

CAPACITY 



FCIRCE/AREA 

. . . . . . . . .  . . . . . . .  m d s  inch 0.070307. XUW- p r  swro cantimeter . . . . . . . . .  . . . . . . .  0.880~78.  wwau p r  aq- eenu-t=r . . . . . . . . . .  . . . . . . .  P m l s  per s ~ u r r e  loot 4.88243 mmzr  ier  EQ- meter . . . . . . . . . .  . . . . . . .  47.8803. mwms i ~ r  m a r e  m t c r  - 

. . . . . . . . . .  . . . . . .  m e , ,  p r  gallon (U. S I 7.4883. E m s  prr liter 
Ovlcer p r  g a c n  tU.X.1 . . . . . .  8.2381. . . . . . . . . . .  G m s  p r  Uter . . . . . . . . . . . .  . . . . . .  pmuldr p r  y o n  lu.8.) UB.BZO ~ r -  p r  lller . . . . . . . . . . . .  . . . . . .  p-dS F~ m.on ~ u . K . ]  88.7% tr- rer Uter 

BENDING MOMENT CR TORQUE 

. . . . . . . . . . . .  . . . . . . . . .  I n c h - p d s  0.01l521. Meter-MLWiamS . . . . . . . . . . . .  1.12885 x 108. . . . . . . .  centimeter-does . . . . . . . .  . . . . . . .   mi-pounds . .  .': 0.138255. .". M e t e ~ M l w a m s  . . . . . . . . . . . .  1.3558E x 10 . . . . . . . .  Centimeter-dynes . . . . . . . .  . . . . . . . . . .  ~ooi-pounds p r  incn 5.4431. cenrlm=te~-kU~iamr p centimeter . . . . . . . . . . .  . . . . . . . . . .  We.inches. 72. WB Grm-cedlmeterr 

YEILiC1T.- - 
. . . . . . .  . . . . . . . . . .  ~ = e t  per secm0. 30.48 texscuy). cenllmetarr ?er e c m d  . . . . . .  . . . : . . . .  3.JW8 (exscllv Meters per ?*COW . . . . . .  . . . . . . . . . . .  =eel p r  wnr. 0.365873 r lt-u. Centlmelers per second . . . . .  . . . . . . . . . . .  Miles prr hour LBO8344 temdvl.  Mlmeters p r  hcur . . . . . .  . . . . . . . . . . .  0.44704 (nmcu.4 ~ e t e r r  wr secmd 

ACCELEIUTICW 

. . . . . . . . . .  . . . . . . . . . .  Feet ier srccndz 0.3C.W Melerr rer reecnd2 

BLOW 

c*lc feetper s.Con$ morn-  . . . . . . . . . .  . . . . . . . . . . . . . . .  leeti 0.028317' cubic meters p r  sccmd . . . . . . . . . .  . . . . . . . .  cubic feet pr rmmte 0.4718 uterr par second . . . . . . . . . .  Gallons tU.S.1 unr ndnuke . . . . . .  0.08308 UtDrs Dcr =coni 
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