
FILE OOPY 
NO. \-W FILE 

. . ~ 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

REPORT No. 280 

THE GASEOUS EXPLOSIVE REACTION 
THE EFFECT OF INERT GASES 

By F. W. STEVENS 

UNITED STATES 

GOVERNMENT PRINTING OFFICE 

WASffiNGTON 

1927 

e 1! 
Ad"iS : Y I :tce 

fOf' PelCh.a '1f<,;S 

Wash1ngtc, 



AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 

Length ___ _ 
Time ______ _ 
Force _____ _ 

Symbol 

l 
t 
Ji' 

PoweL_ ____ p 
Speed ______ 

I
__ -

11etric 

meter ____ - - - - - - - - - -- -
second _______ - ---------
weight of one kilogram _____ 1 

Symbol 

In 
sec 
kg 

English 

rnit Symbol 

foot (or mile) _ _ __ _ _ _ _ ft. (or mi.) 
second (or hour) _____ -_ sec. (or hr.) 
weight of one pound lb. 

2. GENERAL SYMBOLS, ETC. 

1f, \leight, =mg 
g, Standard acceleration of gravity=D.80G65 

mjsec.2 =32.1740 ft./sec. 2 

W 
1Jl, 11ass, =

g 
p, Density (mass per unit volume) . 
Etalldard density of dry air, 0.12497 (kg-m-< 

sec.3 ) at 15° C and 760 mm =0.002:178 (lh.
ft.-4 sec.2) • 

. -=pecific weight of (C standard" air, 1.2255 
kg/m3 =0.07G51 lh ./iL3 

ml.3, Moment of inertia (indicate axis of the 
radius of gyration, k, by proper sub
script) . 

S, Area. 
Sw, Wing area, etc. 
G, Gap. 
b, Span. 
c, Chord length. 
bjc, Aspect ratio. ' 
j, Distance from c. g. to elevator hinge. 
fl, Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

17, True aIr speed. 

q, Dynamic (or impact) pressure=4 p va 
'" 

L; Lift, ahsolute coefficient OL= ~ 
D, Drag, absolute coefficient CD = ~ 
C, Cross - wind force, a b sol ute coefficient 

Ce = ~, 
9:-' 

Il, Resultant force. (Note that these coeffi-
cients are twice as large as the old co
efficients Le) Dc·) 

ilL' Angle of setting of wings (relati,-e to thrust 
line) . 

it, Angle of stabilizer setting with reference to 
thrust line. 

"I, Dihedral angle. 
n Reynolds Number, where l is a linear 

P -;; ' dimension. 
e. g., for a model airfoil 3 in. chord, 100 

mi.jhr. Hormltl pres ure, 0° C: 255,000 
and at 15° C., 230,000; 

or for a model of 10 cm chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 

Op, Center of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chord length). 

{3, Angle of stabilizer setting with reference 
to lower wing, = (it -iw). 

a, Angle of attack. 
~, Angle of downwash. 
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REPORT No. 280 

THE GASEOUS EXPIJOSIVE REACTION- THE EFFECT OF INERT GASES 

By F. W. Stevens 

SUMMARY 

(1) Attention is called in the following paper to previous investigations of gaseous explosive 
reactions carried out under constant-vol1.Lme conditions, where the effect oj inert gases on the thermo
dynamic equilibrium was determined. The advantage of constant-pressure methods over those of 
constant volume as applied to studies of the gaseous explosive reaction is pointed out and thr possibility 
of realizing for this purpose a constant-pressure bomb mentioned. 

(2) The application of constant-pressure methods to the study of ga eous explosive reactions, 
made pos ible by the use of a constant-pressure bomb, led to the discovery of an important kinetic 
relation connecting the rate of propagation of the zone of explosive reaction within the active gases, 
with the initial concentrations of those gaiSeiS: 

s = kj[A]n'[B]n,[C]n, _____ _ 

(3) By a method analagous to that followed in determining the effect of inert gases on the equilib
Tium cOnEtant, K, the present paper Tecords an attempt to determine their kinetic eJfect upon the expres
sion given above. It is found that this effect for the inert gases investigated, - N2, lle, and CO2 - may 
be expressed us 

where [Gd represents the initial concentration of the inert gas. From results obtained it seems 
probable that the value of {3 depends upon the combined effect of the thermal properties of the inert 
gas on the heat di tribution of the reaction; the property of heat conductivity being predominant. 

(4) An example of the utility of the con tant-pressure bomb for the study of the kinetics of the 
gaseous explosive reaction is offered in the results of the p7'esent paper. 

THE RM ODYNAMICS 

From the standpoint of thermodynamic the cfi'ect of inert ga e upon the equilibrium of 
the ga eous explo ive reaction has received extended con ideration from ern t and his pupils 
(References 1, 2, 3), who employed in their inve tigations a spherical bomb of con tant volume 
fired from the center. This series of inve tigation extended to tempel'ature~ of over 3,000° 
Abs. and formed part of the mo t exten ive jnve tigation of a gaseou reaction involving the 
eq uilibrium product of combustion, carbon dioxide, and water vapor, that ha yet been carried 
ou t. " 0 other chemical equilibrium has 0 far been inve tigated by so many methods which 
can al 0 be controlled at the same time by thermodynamic calculations. * * * A specially 
high value must be attached to explosion methods, since, by suitable variations of the experi
mental condition it enables both the specific heat and the equilibrium to be determined." 
(Reference 4.) 

In a previous report (Reference 5), a simple device wa described that was found to function 
as a bomb of constant pressure. This simple device-an ordinary soap film holding temporarily 
the active gases to be investigated-provides the complement to the bomb of constant volume 
in the relation 

PV=nRT (1 ) 
3 
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FlO. l.-Shows a photographic time-volume record of four gaseous explosive reactions at constant pressure. T he 
figures are >i actual size. 2r is the spbere 01 initial components considered. 2r' the sphere 01 its reaction 
products at the instant the reaction is complete 
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by expressing the initial and final condition of the reacting gases III terms of volume 1 at a 
constant pre sUTe in tead of pressure at a constant volume. 

Besides the advantages attending the use of constant pressure methods as applied to 
thermodynamic studies of gaseous explosive reactions, the constant pres UTe bomb also offers 
unusual advantage in the study of an important kinetic phase of the reaction, namely, the 
rate at which the zone of explosive reaction is propagated within the active gases. The reason 
for this advantage both to thermodynamic and kinetic tudies lies chiefly in the fac t that at 
constant pres ure the processes of the eJo..'plosive reaction become automatically uniform, 
whereas, under the condition of constant volume and, to a much greater extent under 
conditions that only approach constant volume, they become unusually variable and com
plex. The possibility secured by a constant pressure bomb of so conditioning the reaction 
that it may run its course at a constant pressure (not necessarily atmospheric) thus greatly 
simplifies the course automatically taken by the transform ation by eliminating a number 01 
variables due to the effect of variable pressure upon the mass movement of the gases and upon 
their concentrations. The constant pressure bomb being transp arent permi ts an accurate and 
continuous time-volume record of the reaction to be directly ecured by photographic means. 
Such a record much reduced is shown at Figure 1. It gives the dimension of the initial and 
final volumes of the reacting gases independent of the volume of the container and records the 
uniform progress by which a sphere r of initial components is transformed at a cons t fLnt pres
sure into a sphere of equilibrium products, r' o This final volume represented by r' ,- as does 
the final pressure in the case of a constant volume bomb-corresponds to the equilibrium con
stant of the reaction, 

(2 ) 

Pier has shown (Reference 1, p. 538) that the deviation from this constant due to the presence 
of an inert ga , permits the specific heat of that gas to be determined at the reaction tempera
ture ; and Siegel (R eference 3, p. 654 ), bas shown that this expression allows the degree of 
dissociation of the combustion products to be found. For the case of the trimolecular reaction 
2CO + O2, equa tion (2) may be written 

and if x is the degree of dissociation of CO2, then, for the case of the cons tant pressure bomb, 

K = JC02]2_ = (1 -x)2(2 -x) 
D [C0]2[02] x3 (3) 

KINETICS 

The photographic record (fig. 1) of the gross mechanism and progress of the reaction at 
constant pressure, upon which equal time intervals have been impre ed, is a time-volume 
record of the reaction and hence may provide some general information as to the kinetics of the 
explosive transformation. 

If the rate of flame movement is to be connected in any way with the rate of molecular 
transformation , it is obvious that i ts rate should be determincd relative to the gases it is trans
forming and not relative to space, as is usually done. And it should likewise be recognized that 

I It should be made clear that tbe term volume does not hero refer to the actual volume of the temporary soap film container. The symmetry 
automaticall y assumed by the zone of reaction in the ease of a bomogeneous mixtUre of explosive gases fired from a point aud under conditions of 
constant pressure, oITers a much more accurate mode of procedure; for uuder these conditions tbe zone of reaction originating at the point of ignition 
advances in all directions from this point at a constaut rate . It tbus forms an expanding spberical shell of name inclosing the products of combustion 
as they are formed by the passage of the initial active com ponents througb tbe zone of explosive reaction advancing at a constant rate . This sphere 
of reaction products in thus protected as well as may be from heat losses, during tbe reaction, due to conduction and convection. By reference to 
F igure 1 it will tbus be seen that the in itial volume of gases considered, is the volume of an ideal sphere 2r of the gases held by the temporary con
tainer, and not tho volume o[ tbe container itself, [or this is never a sphere. Tbe linal volume is the volume of the sphere 2r transformed into tbe 
spbere of reaction products, 2r'. Tbe conditions that determ ine uni form fiame movement in a gaseous explosive reaction-whether for tbe slower 
reaction rates or for tbe mOre rapid rates of the explosive wave-are a homogeneous mixture of tbe explosive gases and a constant pressure; for under 
t hese couditions ouly is it possible for the mass movement of the gases and for their concentrations to remain constant during tbe reaction process. 

58666-27--2 
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unless the method employed makes it possible to follow the concentrations of the active gases 
which the zone of e:\.1>losive reaction is entering, a kinetic relation connecting the movement of 
this region with the composition and concentration of the explosive gases, could hardly be 
expected to result from its use. 

An examination of a great number of records similar to that shown at Figure 1, obtained 
with different gases at different concentration ratios, has shown that at constant pressure the 
rate of movement s of the zone of reaction, measured relative to the active gases, is proportional 
to the product of the initial partial pressures of those gases: 

(4) 

In this expression, lei is a proportionality factor. The inclosed symbols refer to initial concen
trations or partial pressures of the active components. s is the rate of propagation of the zone 
of reaction measured relative to the active gases it is entering. 

It was of interest to examine the effect of inert gases on the rate of propagation of the zone 
of reaction in the light of the kinetic relation expressed in (4) and by a method suggested by that 
employed in the determination of their effect upon the thermodynamic equilibrium. It is the 
purpose of this report to record the results obtained in this endeavor. 

EXPERIMENT AL PART 

From the photographic figure of the progress of the reaction, it will be seen that the constant 
rate of flame movement s', in space, may be determined at any instant during the transforma
tion. At the iJ;l.stant the reaction is completed its value may be written 

r' 
s'= -t 

But this is not the rate at which the flame is entering the gases. The rate s, at which the flame 
is entering the gases, may be found for the case of a spherical shell of flame expanding at a 

m 
uniform rate s', as follows: Let m, m (fig. 2) be an element of the 
flame surface held at rest by the uniform rate of flow s, of the active 
gases against it; then s will be the rate at which the flame area 

.. <---s' 
___ s en ters the gases and s' will be the rate at which the transformed gases 

p ' p leave the flame area. If p and p' are the initial and final gas densities 
then from the equality of masses 

m 
FIG. 2 ps= p'S' 

For the case of the two spheres of radi us rand r', we also have from the equality of masses 

hence 

and 

4 ~1 4 " 3 - pr= - pr . 
371" 371" ' 

For experimental purposes, the ga eous explosive reaction at water vapor saturation, 

\Va selected. For this special case equation (4) may be written 

and including equation (5), 

(5) 

(6) 

(7) 
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Since the sum of the partial pressures of the gaseous components present in the reaction 
at pressure p must equal p, equation (6) may be written for atmospheric pressure, 

S=kl rOOF [1-00] 

without designating tho composition of 1- 00 further than to indicate that the sum of the 
partial pressures of it components remains the same as the partial pressure of the component 
O2 in equation (6) and that under the same circum tances both equations represent the same 
impact probability though not the same proportion of effective impacts nor the same potential 
energy. In case the component 1- 00 is made up of the fraction a of the active gas O2 and 
the fraction (1 - a) of an inactive gas, the partial pressure of this component may be expressed as 

[1-00]=[1-00] a+[1-00] (I-a) 
active inert 

and equation (6) may then be written as 

S=kl ([00]2 [1-00] a+[OO]2 [1-001 (I-a)). 

If all of the impacts involving the inert gas are futile and the possible effect of its various physical 
properties as specific heat, heat conductivity, etc., on the course of a thermal reaction be dis
regarded, then the last term in the above expression may be neglected and the effect on reaction 
probability of replacing the fraction (1- a) of an active gas by an inactive one may be written 

S=kl [00]2 [1-00] a (8) 

This mass law expression takes into account the effect of the remaining active components only; 
and this is the major effect to be expected; but wbile the inert gas introduced may take no 
part in the molecular transformation, its presence in the zone of explosive reaction and in the 
active gases adjacent to it, must necessarily affect the heat distribution in that region. If the 
effect of the thermal properties of tbe inert gas is a simple function of its concentration, thon 
the deviation from the relation expressed in (8), due to its presence in the zone of reaction might 
be expressed as 

r3 
s=r'2t=k1 [00]2 [1-00] a+(3 [1-00] (I-a). (9) 

From this relationship it will be seen that the maximum effect of the inert gas should be found 
for the minimum value of [00] and vice versa. In carrying out the observations, therefore, 
the effect of each successive increase in the partial pressure of each of the inert gases inves
tigated, nitrogen, carbon dioxide, and helium,2 was observed over the entirc range of partial 
pressure ratios that would ignite. This procedure, which resulted in a very large numbel' of 
observations and calculations, was nece sary because the proportion of inert gas to the wbole 
varies with each ratio of the partial pressures. 

2 Some of the thermal properties of the gases involved in the reaction are given in the following table: 

Gas Cp Heat con· 
dnctivity 

N, 6.75 566 
CO, 9.44 337 
He 5.00 3,360 
CO 6.75 542 

0, 6.75 570 
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For the purpo e of comparison, Table I gives the r esult obtained when no inert ga was 
present: 

TABLE I 

FLAME PEED AND VELOCITY OOEFFICIE T FOR THE 200 + O2 R EACTION WITHO U T I NERT GAS 

Partial pressure (a tmospheres) 
T' 

1' = [C01'[0,1 S=?2t 8 

em/sec. k, = [C O] ' [O,] 
[C O] rO,] 

0.25 O. 75 0. 0320 34. 9 744 
.30 .70 .0630 44. 0 699 
.35 .65 .0796 53. 5 672 
. 39 .61 .092 66. 0 711 
. 435 . 565 .1069 75.5 709 
.45 .55 .1140 76. 0 721 
.47 .53 . 1170 83. 5 693 
.4 .52 . 1200 84. 0 701 
.50 .50 · 1250 87.0 696 
.505 .495 · 1260 8. 0 697 
.532 .468 · 1330 89. 0 672 
. 55 .45 · 1360 94.0 691 
.56 . 44 · 13 0 93. 0 694 
.5 5 . 415 .1420 97. 5 6 7 
.60 .400 .1440 99. 5 675 
. 61 .39 . 1450 100. 0 6 9 
.63 . 37 . 1470 102. 0 727 
.67 .33 .14 0 104.0 69 
.69 .31 .14 0 104. 0 705 
. 70 .30 .1470 99.1 674 
.75 .25 .1410 96.3 6 4 

0 .20 .12 0 90. 5 716 
25 .175 .1190 2. 0 6 
4 . 16 .1130 78. 7 697 
6 .14 . 1040 66.5 642 
94 .106 .0 45 5 . 0 6 6 

.94 .06 .0530 33.0 622 

Av. kl 692 

The re ult given in the above table may be expres ed in graphic form by plotting the values 
of s as ordinates and either the corresponding partial pressures or the corresponding values for 
impact probability, r = [00] 2 [02], a ab ci a . In Figure 3 and in the other figures to be given, 
the more familiar relation between rates and partial pre sures will be u ed. The experimental 
values of s fOlmd are represented in Figw-e 3 by olid circles. Theoretical value corresponding 
to the relation s = lei [00] 2 [02] are repre ented by open circles connected by a continuous line . 
This curve will be reproduced for reference in the figw-es that follow that repre ent the effect of 
an inert ga on the rate of reaction. 

In Figure 4 the upper curve repre en t r e ult when no inert ga is pre ent. The lower curve 
repre ented bya continuou line corre pond to equation ( ),s = le l [00]2 [1-00] 0.9, for the 
ca e where 10 per cent of the component 1 - 00 i made up of an inert ga. The experimental 
value fOlmd when 10 per cent of inert aa used wa N2 are indicated by the mark X; when the 
inert gas was O2 by the mark . ; and when the inert ga was H e by the mark " . When such 
small amount a 10 per cent of the different inert gases are introduced, not much difference in 
their effect is to be noticed. Their thermal characteristic do not rna Ie the effect of the active 
gases . 

In like manner, Figure 5 repre ents re ults obtained when 20 per cent of the component 
1- 00 consi ts of an inert gas. The lower continuous curve correspond to equation ( ) for 
this ca e, = 7cI [00]2 [1 - 00] . . The ob erved values when this amount of the three inert 
ga es 2, 0 0 2, and He were succe ively u ed are indicated by the arne symbols employed 
in Figure 4. 

When 40 per cent of the component 1 - 00 con ists of an inert gas, the individual thermal 
characteri tics of the different ga es become more marked. When a somewhat greater amount 
than 40 per cent of 002 is employed at atmospheric pressure the range of ignition is much 
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reduced and the reaction rate becomes so slow that the few results obtainable with the gas 
are of little value-the sphere of heated reaction products starts to rise, like a hot-air balloon 
before the reaction is completed. 

A tabulation of the results obtained with 40 per cent He is given below in Table II. 
Similar tabulations were made in all cases for the other inert gases used and for each successive 
increase in the amount introduced. 

I 

TABLE II 

FLAME SPEE D AND CO STANT fJ F OR THE 2CO + 0 2 R E ACTIO I N THE P RESE CE OF H E LIU:\I 

Partial yressure (atmospheres) I'= T' 8'= -
[C O] I-C O] [He] [C O]'[I- C O] t 

cm/sec. 

O. 22 0.78 I 0.312 0. 0377 256 
266 
267 
261 

. 265 .735 .294 .0516 335 
349 
340 
330 

.30 .70 .2 0 . 0630 368 
393 
359 
3 4 

. 35 .65 .260 .0796 440 
455 
441 
459 

.40 .60 .240 .0960 512 
470 
498 
511 

. 45 .55 . 220 .1140 54 
552 
553 
509 

.50 .50 .200 .1250 566 
563 
573 

.55 .45 .1 0 .1360 671 
626 
615 
613 

.60 .40 .160 .1440 635 
590 
610 
61 

. 65 .35 .140 .1480 619 
604 
618 
605 

.70 .30 .120 .1470 5 8 
591 
5 2 
604 

.75 . 25 . 100 .1410 560 
53 
536 
518 

0 .20 .080 .12 0 4 0 
439 
421 
445 

.85 . 15 . 060 . 10 0 291 
299 
314 
2 7 

--

T3 
8=8' T" t 
em/sec. 

4 . 3 
50. 2 
50. 4 
49. 2 
55.5 
57. 9 
56.3 
54. 6 
5 . 6 
62. 7 
57.1 
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Figure 6 shows experimental result obtained when 40 per cent of the component I-CO 
was made up of inert gas. The lower continuous curve corresponds to equation (8) for this 
case, S = lei [CO]2 [02] .6. The deviations of the experimental values from this curve are well 
marked. 

In the last column of Table II for helium is given the experimental value of fJ in equation (9). 

(3 = S -le IG,[CO]2[1 - CO]. 
[He] 

When the average value of this factor, 108, is introduced into equafJion (9) and the values of s 
computed over the possible range of partial pressure ratios, the curve marked He re uIts. In 
the same way there was obtained from the experimental values for 40 per cent CO2 , {3 = - 41.8 
and for 40 percent J2,{3 = 42. When 

/10 
these values arc Stl b tituted in equa-
tion (9) the curves marked CO2 and 

100 
2 are determined, The constancy 

of these {3-values indicftte that the 
90 

thermal effect of the inert gas on the 
rate of flame propagation is propor
tional to its concentration in the 
explosive mixture. That its value 
depends upon the additive elIect its ~ 70 

physical properties have on the heat t50 
distribution of the reaction seem u 
reasonable, Of the e properties, that CQ 'tJ 50 

80 

of heat conductivity is cxpressible as ~ 
a rate; that of its pecifie hcat, being .g. 4 0 

a thermodynamic factor, is expressi-
ble, as already pointed out (Reference 30 

4) in terms of the thermodynamic 
equil.ibrium, The kinetic effect of EO 

the specific heat of the inert gas would 
be expressed as a temperature coef

ficient of the velocity constant le 
(Reference 6), 
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The effect of adding an inert ga 
of high heat conductivity to a gaseous 
explosive mixture may seem in some 
cases anomalous, for it may even 
increase the rate of flame propagation 
for some partial pres UTe ratios above 
those where no inert gas is present. 

F ro . 6.-The upper curve corresponds to values (ound when no inert gas was present; 
the lowor ho"vy continnous curve without other marks corresponds to equation 
( ) (or the case where 40% o( the component I-C O consists of an inert gas : 
s= k. [C O)l [1- COI.6. The curves marked lIe. N, and CO, represented by the 
open circles and the solid line correspond to equation (9) when the respective 
experimental values (or {J are introduced. The observed values wben the inert 
gas used was , are indicated by the mark X. CO, by the mark • • and lIe by 
the mark 4. 

This may be seen by comparing the ob erved and theoretical values for the 40 per cent He 
mixtures with the observed and theoretical value for pure CO and O2 mixtures. The presence 
of an inert gas of high heat conductivity also increases markedly the range of ignition; while 
a gas of low conductivity reduces it, 

The mixture ratio for maximum flame velocity for the conditions expressed by equations 
(6) and (8) i the point 0,66 + in the coordinate figures. But for equation (9) this point will 
be displaced to the left according to the po itive magnitude of the last term, and to the right 
according to its negative magnitude. It will be seen that the experimental result confirms 
this deduction, 

It is also of interest to note that it is po ible to secure a mixture of two inert gases whose 
thermal effect upon the rate of reaction is in opposite sense, such that their effects balance 
each other and the last term in equation (9) becomes negligible. The conclusion could be 
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drawn from such a case that the reaction velocity is dependent only on the concen trations of 
the active components. This conclu ion might also seem warranted by the experimental 
results obtained when the inert gas is pre ent in comparatively small amounts; Figures 4 and 
5; and for all of the results where the value of [CO] is large and the partial pressure of the 
inert gas small. It was therefore important to make use of inert gases whose thermal cbarac
teristics differed widely and to determine in each case the effect of the reaction of the same 
active components upon the same partial pressure of each of the inert gases and this for the 
inert gases over the entire range of partial pressure mixtures that would ignite. The complete 
tabulation of 0 large a number of ob ervation i perhaps unneces ary to reproduce here. A 
specimen tabulation for 40 per cent He is given, Table II. The theoretical and observed 
results obtained for that gas and for CO2 and 2 are indicated graphically at Figure 6. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Sym- to axis) Designa- Svm-
Designation bol symbol tion bol 

LongitudinaL __ X X rolling _____ L 
LateraL _______ y y pitching ____ M 
NormaL ______ Z Z yawing _____ N 

Absolute coefficients of moment 

L lJ[ N 
OL= qbS OM= qcS ON= qfS 

Linear 
Positive Designa- Sym- (compo-
direction tion bol nent along Angular 

axis) 

Y~Z rolL _____ <I> u p 
Z~X pitch _____ e v q 
X~Y yaw _____ -q, w r 

Angle of set of control surface (relative to neu
tral position), 8. (Indicate surface by proper 
subscript.) 

4. PROPELLER SYMBOLS 

D, Diameter. 
Pe, Effective pitch 
Pm Mean geometric pitch. 
Ps, Standard pitch. 
Pv, Zero thrust. 
pa, Zero torque. 
p/D, Pitch ratio. 
V', Inflow velocity. 
Vs, Slip stream velocity. 

T, Thrust. 
0, Torque. 
P, Power. 

(If "coefficients" are introduced all 
units used must be consistent.) 

Ti, Efficiency = T ViP· 
n, Re,olutions per sec., r. p. s. 
N, Re,olutions per minute., R. P. M. 

<P, Effecti,e helix angle=tan-l(~) 
27rrn 

5. NUMERICAL RELATIONS 

1 HP=76.04 kg/m/sec. =550 lb./ft./sec. 
1 kg/m/sec. =0.01315 IIP. 
1 mi./hr. =0.44704 m/sec. 
1 m/sec. = 2.23693 mi./hr. 

1 lb. = 0.4535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m=5280 ft. 
1 m = 3 .2808333 ft. 


