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Thermodynami Data for the Calculation of
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FIELDING, Metropolitan
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mi:~tulres and

gas
it is va~nLl..J.LC;

It the
CielTIo:nstrat>1e, within the

teTIap€~ra1:UDes c()nslde:red is 2000 K to 2,OOooK, so that not
trE:atied. but the combustion chamber, UTn",r",

many will seen below, ex1tenslOn
imLccunLte some of used} a gerlenll tl~eatment

(b) stand;ard ' fuel of
be compared '1..... ';"",.

eql11at:lOIls for the a prc)perty
prc)pertv difference is calculated as a turlctllon

ternp,eratUl~e d1epe:ndmg on either composition or, combustion products, on
Consistency is thus obtained without recourse to highly aCClun:tte

The

a COIlapuLter
complex

Experience
the energy ch~inl:re

losses
aD1)llea as they

theretore the
rise on combustion

fuels, and solution aCiIJD1:ed
(a) The pre:;ent.aticm

1.
perfonnance are that it
of simple modification
opl.meln of that the eXcLCtltuele

imposed by scales ern,pl()y€~d

Dll'vsl(~alt intelligible to englneler
The \Ja.c'vu.J.,:l.C.l'..fH SllOUJld

or inter1=)olaLtion

higher temperature
would suffer

1



pr:a,cl:IC,U deSIgn calculations may also be undertaken.
through the use of molar spE:cliilC

involving molecular weight. data
unne l::;essal:y for engines using , standard' fuel.

The accuracy beJle\red enigmle performance is that specific
fuel consumption de'termined "ntl"" 1· 0 per data presented will permit
provided the exc:ee(1s 200°C, and an accuracy of ± O· 5 per cent is
attainable when it exc:eecis

The extensive use of gas i'll'hi"",,, 1'-"(11111'''''' a ( standard' fuel which approximates to
kerosene. A net calorific COllst:mt 1"1"'<>0''''''''';:' 10,300 C.H.D.jlb and a composition

Gas dynlamlcal
This is eXlpressed
heat as pararne:ter
IS so pn~se:ntE:d

o·
O· (by weil!lht1

are therefore assumed.
because the molecular weight of
weight of air, irrespective of

pa:rtH~ul:ar fuel, but is chosen
to the moieclilar

2. The Calculation of the Properties
involved in the gas turbine engine are
latter are normally in relatively low COllcentl:atJlon
presumed throughout. Their are thi~refor'e a~ctClltlVe,

Fm = aF",

where a, b, etc., are the masses of the cOlnpommt
etc., are their individual properties,

This presumption, almost universally iua.u.<;;,

is only an approximation.
noticeable up to 300°C, and to even hlF~hE:r tl~mpe]ratun~s

This effect is principally of importance in isentr'Op:ic proc:es~;es,

are significant. The VaJrl011S
according to tables of real gas dei:ennirled
ideal properties. discrepancy was J.VULULL

at gas-turbine temperatures.
differ'en1ces not possible in a generalized
enf;ml~S under altitude conditions may have a

composition of combustion products
cornuute the various properties needed. It is appa:rerlt

of by a small amount only, so that a
the precise evaluation of this difference. Simplicity

given data which related the difference
prclpo:rtlCl11 of the fuel.

- etc.)u j

u J

principle has been developed, and data been
re~lctllon products in any system containing carbon, tlv(lroigelrl, OXV.g-~ll, nltrOgien, suJlphmr

In a system containing two reactants, one
l medium'. Their compositions by weight are aCl:or'U1l1g1y Ciom51d1ere:d

Carbon Hydrogen Oxygen Nitrogen uU.lP.lLU.l

2



nTh"",."" U rel=lres,en;ts
ponent.
data are pn~se:nt€~d urh"",.""h,u

positions, nf()vl.de,d

general incombustible com­
mE~dll1m components res~pectrVelY

efiect.ed all reactants with

This consists of a
units at 1oK lntpr~T::l

to convert
Tables permit de1tennlIlatlon
being derived as .LVJ.LVV'"''

2000 K to 2,OOooK in
ruJJICnOnS needed to the adCl1uons

the above reaLct<mts.
entropy tUJJlctlon,

The entropy a mE~asl11re:d from an ",,.I..,t'""""7 zero To and unit Dn~SS11re IS

where R is
fT MCpdT

To T
constant and lVI is

p,

mo.leclllar weight of the

Accordingly, an isentropic change

relatIon may be converted into

loglo e fT2~~_
R T

1

""n1IrAn" function,is designated 1p,

MCpdT
T

as

ise:ntrooilC change.

degree Kelvin.pound,

e rT
_~_

u TO

an arbitrary zero,

areThe

where To
t.e.,

detmed as

1 C.H.U.jlb = 4· ] oules/gram.

prcmertll2:S of principal gases are r1a~""r£>r1 the values given
Rossini (J. Res. Nat. Stand. 34. VoL 14. 1945).

wagman, Kilpatrick,

u.v~'~~UIJ.l.v to consider air
water and carbon

.,i,.,~,..,·H propulsion
reS;lUlllal component.

voJ.UIT.le is taken as

78· 030 per cent

. 990 per cent

0·980 per cent

3

pnncipal use of gas t",-hlln""c

cmnp.oSltlcm at as
dIO'XlcLe is pn~sUlneld, and composition



The con~espionclingCOlllpo::;iticm by is:

Nitrogen =

1·
cent

cent

abovetotalen'tropv function,

mCllec:ul,tr weight is . 969.

above
in Table 1 at ,n+A,.,ra

and

of

vaLvUJia. ...J'VH of
at
be

properties were originally de\Tlsed
combustion. are equal1y aplPl1(:able

since in a gas turbine gaseous
(or medium), a method wh.ere:bv

calculation
pn)pertves of products

gas mixtures,
same extent as

calculated is necessary.

It is and u."''':'.LJ.UUJ.''' both fuel types of may corlSldlerE~dm
a general manner, and used as component a general reactant.

",.,')""",.1-1,",<> of a general re8Lctcmt on the proportions and physical
A component re8Lct,mt miJdu:re cannot be substituted by Ultimate
example as cannot be COllS1,deI:ed

caJ['bcm-.hvljf(lf!en mixture. properties products
mclee:d a,dv,mt:agieOtlS to consider combustible cOlnp,onen1ts as a

Air

(1 - J1 Ja ...)
composition is eX1Jressed for maLthlematl,cal

General Reactants.-2.2.1. Composition of ageneralreCi~cttmt.-2.2. Calculation of the t'rll1Je'rt'ti~S

Let the composition

11 h

J1 J2
where ... are any
COJ]v(~nl'en(:eas :

1 1 Ib air) of - lIb air)

2.2.2. Molecular weight.-The molecular weight
above as

geIler,:tl reactant be deduced

M'

where

1

the

k j !

is 28·969.

(2)

Values of hj are given in 7 (see ~e(~tlon

(3)

(4)

f ~
j

-fair'
where

2.2.3. Thermodynamic 1Jrl')1J(;wt~eS.-JLI property
given by where x is over and x is the
one pound of this procedure to the cOJnp'OSJltlCill
gives the result :

4



(5)

(6)

total

j

M alr
M. - ?Pair

J

M''lfJ = 'lfJalr

~qual:lOrls (3) (4) are dmectJly applicable'to
The entropy function '!p also molecular Well!nt

where

ratio as by eqUELtlOn (1).

Table C illustratedthe propertIes

The Q functions are erature only values for common gaseous
components are presented Tables 3 4 for true specific
heat and function. k functions determination molecular,

Q for vapour and dioxide the same
asfu 6 7~ ~

(Note. hydrogen must not be used in calculation
Dn)Dertl<:;s of mixtures corltalnmlg h'vd]~ol!en, Values of Q (J functions are
inC:OITlbUlstible materials).

Use of the Q functions in COIllUllctlon with V<:L-LU"''''

the following example

3000 R, a rea,ctarlt '\X1'h",:p. c()mlPOSlt!Clll
cent, N1t:ro~;en

Table 7

M''lfJ = 10-1415

Table 1 'lfJair 3000 R = 10-

Sul)sti.tution III equatH)ll (5) with

0-02 X 5­

0-10 X - 0-

+ O' X 0-211

0-30 X 2·789

10-1415 0- 7236

9-4179 _

equation (1) with for k

M' = 1 0- X 0-06080 0-10 X 0-0947 0-20 X 0-0340 0-30 X 0-

0-9070 _
Therefore

'lfJ 9-4179/0-9070 -3836.

properties of
in a like mcmiller,

N 2, H 20
sllrlplifies the ~<:L.L'VU"'.",l...L""U

for latent
evaporation, o,JU'lJU.L,U other ev(~ntuaJ.iti(~S arise,

appropriate Q and k vCt.LvU.LCl.LC;U by substitution in (4) or (6)
(2) respectively. Appropriate th(~rITlOdynam.1c are required new only

the data for be

The following example ilhlsb:atees such a calculation and
the components of a reactant to be COIlSHiered.

shows that

5



1 :

is 1· 0000 C.H.U.JIb

Table 6:

0-030Dw

0-03 X 0-2088

0·0063

0·030DWli'l'

use of equation (4) and Table 1 as

0·2409= 0·7591 .

0-03 X 0·7591

0·0228

C.H.U./lb OK.

11"\",,'tH.,. mil\:tur'es at 3600 K :

1·0000

0·2409

O·

O'

is obi:airled

O'
O·

0-2409

O'
equa~tlon (3)

0-2409

DWliq is not

Therefore

Example (b)
Calculate the

(i) Air 97

(ii) Air 97 per cent, --"T----­

assuming the true SDE~CltlC

(i) At 3600 K using equatlC)ll

2.3. Calcttlation of
General M edium.-The cornpC)SltlOn
a general are ael)enaerlt
The chemical "+r111I"r',,r,;:, Dh'VSllcal
composition since differilng ChE;mlcal
products on cornplete cornbl1stion
hydrogen and I"'::lrntyn lrn:lSpectlve
be seen that corlsldleraLbl:}
product DT()pertH:lS

- etc,)

Air

(1

conlpo::lltIC)ll lbjlb

NF

reaLct~mt m of composition lb{lb :

Nitrogen Air

the P1'oducts.-Let q lb of the rea.ctcmt

Oxygen Nitrogen Sulphur

one pOlmd

2.3.1.

be burnea

where
that 1

gerlenllulcomtlus1tlbJle component
oxygen and gives (1

6

cornbllstlble component such
prc,auct C()ml)le1:e combustion.



Then the composition IbJlb of the products complete combustion may be deduced the
usual stoichiometric relationships as follows:

Carbon dioxide 3 -6645

Water vapour J

q ----WF
1 + q

vV",
il + q

lS-9365 S'

(from F)

(from 111,)

(from reaction)

q
(from reaction)

Sulphur dioxide 1-
1 q

(from reaction)

Nitrogen

(from fuel

(from medium m)

w (1 + v) 1~ q uF + (1 + v) 1~ q (from reaction)

J

(from F)

medium 111,)

reaction)

(from medium 111,)

(from fuel F)

+ VU",)0-

q -
, 1---:::;-- (7· 9365HF, Tq'

((minus) 1 ~ q (7' 9365Hm

Oxygen

Dry
(

' q "'-
1 : q (1 - CF - HF -

) 1 ,--l1 + q (1 - C'" - H", - 0", N,,,-

iip (from fuel F)

- W", - - Jm) medium 111,)

lIb.

7



convenience as arising from reactant cornp(ments

-({3'
1 q)

f.i:"'ql {8·9365Ib 7·9365Ib

air}

1 Ib air}

- 1 air}

- lIb air}

Ib 502 - Q. Ib O2 - 1 air}

W".ql {lIb H 20

rql {1 v) Ib w - v

Ib j

- lIb

- 1 air}

lIb



2.3.3. properties of frepresents a property of
combustion value is given x is taken over constituents
and Ii is the constituent x of the products.

This summation may be applied .compositions as above, thus
mitting summation terms of the as

f 1 ~ q (L:iFOj UFO,,) + 1~ q (L:i'llei u",e,,) (11)

where
()" (1 + v)fw - vfo"

OJ

and

3·6645/eo2 -

t.
8· 9365fH

2
0 - 7·

=f02 (12)
fNz

1· 9978fs02 - o· -f.. J
Ow= -fair

Equations and (12) are true and mean
heats The weight IS

in terms relevant

M''lfJ 'lfJoir + .. ·1
1

q iC",()e H",OH · .. 1 la)

where

3· 6645 'lfJeo M 2· 6645'lfJo ~air - 1Jlair .. (12a)
2 co

2 °2 2

8· 9365'lfJHzO 7 .9365'lfJo :air - 'lfJair
etc.2 0

2

Values ofunctions for total heat, and entropy of
products of combustion are intervals in 6 and 7 respectively.

quantity
to

"'-_nulll··.... alccuracy IS
M'1p maycompresSIOn or eX]pallSli)n,

This calculation

AlthOllgh it will be found that
to the division by
el1Julllat:e una,cce:ptabJ.e random error

for calculatl.ons
then ri":'1ri~,ri

cornblllstion products may means
be treated sut>stituting the

prc)ducts of cornbl1stLon manner

all curt~ent COnlm(~rCl;al

Tables and methclds.
dynalTI1C properties of

arbitrary COlupiOnen"ts

values of these pn)pt;rtl for undls,sO(:aated products of cOlnbusltioln. Dissocia-
affects temperatures IAOooK, and cannot

a generalized pn;selnta.ticm of data, it is dependent upon composition,
ternp!eratUl~e pressure The latter is complex,

fuel/air ratio the formation of and formation of
cal:bon nlorlml:ld(e, hydrogen, Dissociation in heat and molecular

9



cnaLllg~es are small, however, under
Thus for ms1tanl:e

quantities r.-v'rTIT£,n

least 0-02
no more than O·
between the dlssocaat:ed

negligible.
occurrmg below 2)000oK.

and consequently
COILdl1:lOIlS usually found
difterlenc~ebetween the

nitrogen and
be needed per pOlmd

oxide would
undissociated pf()ducts

mc>lec:ul,ll weight is not slglml1carltlv ",tt""'Tt'r1

heat and products of Inc:olIlpl,ete
those of order of dlffer,en<:e

n111rnn,,,",, combustion etnclelnCll~S or 98 cent are gerleniliy
losses is nOlrm;allJ ---------.J torma,twln of some carbon mOillo:x.lCle.

O· 020 an efficiency in a decrease
0- 2 cent, if all the ....<:l-rhr...n monoxide or hydrogen.

vapour ch,mg;e would probably reCluceCl.
cal,culatllons involving systems large
mE~tnl)aS if precise answers are needed. on total

total 1,SOooK a fuel/air
per cent being about O' cent only.

Tables of 0 is illustrated following eX<:lmI)les

. 1)X(0-

:;ulbstituimlg in equation (1

·9

·9
·7

7-1

at 1,000oK is
Table 5 ...arl""~,,,r1

0-50 X

+ 0-20 X

+ 0·10 X

+ 0·20 X

3·33= 249·

= 261-4

H= 249·

nxa~mpte (c)
the total heat/lb of the products combustion

O· 02), the fuel cornpc)sition by weight being Carbon 50
Oxve:e:n 10 per cent, cent, and water-vapour content

weight.

1 total
of () functions

containing
are expanded

Sul)stitution in equation (10)

= 1 +0'
= 1·0086_

1-0000 X O'SOO}
6· X 0·100

0-0340 X 0·400

0-0060

0-01 X 0.6080

10



equ.ati()ll (lla), 1 7 at 1,000oK

,0566+ 0:02{+ ~:100: -7~:~~~} + ~:~~ X 7·481

+ 0·400 X 0·261

12·0566 0·0551 0·0733

12·1850.

0·01 X 6.901
9'035}

·787

0·248

0·02
1·02

0·500 X

0·100 X

0·400 X

= 11·4591 + 0·1101 = 11·5692.

M''lfJ2=1l·

M'('lfJ1 'lfJ2) = 12·1850 11·

Therefore

= 0·6158 1·0086

1 PI
OgiOh o· 61055 .

Therefore

= 4·079.

'-'a.J.'-'UJla"J.VH is not onerousmagnitude of the correction
slgmticarlt til2'Un~S only.

(ii) 1,020oK example (c) would given corree-tiOIls
8· and 3· anrlna a total error 0·3 C.H.U.jIb. precision to 0·1 C.H.U.jIb
only is normally nelcessarv interpolation betweEm the intervals given lead to negligible
error.

two or more fuels, mean composition properties of
proportion those of the individual fuels. The above

apl)UCaDl.e, tI'eatmg the fuel as having mean cornp()Sltlon



of

Comb%stion Temperature Rise Calculations.-3.1. Heat and Calorific
combustion of fuel in air or other supporting media may as any exotllerml.C

chEmu.cal reaction, and accordingly the temperature rise is only dependent
reaction and the sensible heats of the reactants, products diluents.

reaction is exactly defined when the pressures and temperatures of the
re"tctan1ts and are defined, a value a given temperature implies that the
reactants and are both this ternpl::ratUl~e

The value desirable heat of reaction or heat of com-
bustion for at materials being in their standard
states. Specifications calorific value, however. This is
the heat released per in a bomb at a fairly high pressure
under defined conditions. a gross calorific value of a typical
kerosene differs negligibly at constant volume, with water liquid.
The theoretical error for fuels to and coke does not exceed about
+ 0·05 and since of calorific value normally
exceeds these is normally expressed in cal/gm or
B.Th.U.jIb rounded or 10 B.Th.D.jlb. Various calories and B.Th.U.'s
are used; some, notably '( 4·1840 joules) and the mean B.Th.U.
(equivalent 1·8 X 4·1897 joules/gm), are not equivalent to the C.H.U. as defined here.

Calorific have been recently for a temperature of 60°F, but modern
practice is to express them 25°C. Values corrected to 15°e for use con-
junction the data additions as follows:

Solid tar and Add 2 C.H.U.jlb
and fuel Add 7 .jIb
paraffinic hydrocarbons 9 C.H.U.jlb.

Care is necessary in ensuring that the appropriate value of calorific of coal or
is used. particular the calorific value on the' dry ash-free basis ' ;:>H\.JU~U not and
results on the ' as analysed' basis must be converted to the ' as ' basis (for de1taiJls see

Part 5. 1957).

necessary to know according to
The British Thermal Unit used

the definition takes·no account of

reduction of gross calorific value at constant volume to net calorllnc value
constant (' net' implies water in the gaseous state), made by means of the relatIon

calorific value at I = 1Gross calorific value I - (509SH 586\VL),
constant pressure \ at constant volume \

and'i\TL are the hydrogen, oxygen and liquid water content, respectively,
adjustment is made after the gross calorific value is adjusted for any di±fer,en(~e

conditions of the fuel as used and the conditions at which calorific
voJ.UlIle is measured). Similar corrections to lo\ver calorific have to

(or solid) incombustible diluents.

calorific value of gases is always, unless otherwise stated, the gross calorific (water
at constant pressure, and is expressed in ways various It is always

on a volumetric basis; the European as at either 15De and saturated
with water, or at ODe and the measured at ooe.

In the United States it is expressed at 60°F dry, the pressure being
30 in. mercury at 60°F, is measured at 60DF with
saturation by water vapour.

Change in
which specification the <.-cw.v.u.u.....

in relation to supply



hO'VlTe'ver if of t-'Crr\1'''l

value commercial gases
accordingly for 'XJ"'+t:>l'_U'",'V~"r

to a weight

u,>,r>,w,r p:reSl11m,es only water by
calculation of net calorific

heat this This is
welg-ht in the gas.

SIIl1lple combustion as

(16)

or rea,rranging,

q (17)

stancLard datum
vU,""JLULv value

(18)

(1 + q) Ib of products may

1 l:::>t;Q1cJhlO:me'tnc products),

where 1 of fuel

Accordingly equation (18) may

[HIDr]:: q [HFJro q(a 1)
l'2

(19)

where 5 to
equation (19)

stoichiometric prC)Qu,cts burned in alL

q = -----;::;---;::;-;;,--------"'--:'-~;-;;;---=-----==-

h/ +a
(20)

On eilrmnatlC)l1 q between eqllations and (20)

or

1) (21)

+a (22)

(73938) B



have -- '---'-.J

as the stand:ard
other ternp(~ratUI~e

(24)

(23)

a given
COIlstctnt-pr,eSS111re net

This

16
(a 1)

of equation (22) are des,lgn.atE:dthe et1(~ct:lve calorific
ternp,eratul~e T 2J

T =
2

The
value

(25)

the mO(:llm~d

q = -----:=:------c~-

Simple COrnbll1stlon tenwerature
of equation (20), namely,

':;:1."-.nl,, expressed
effective ,-,a,J.V~)'Hv

cOllstall"t-pre~;su:renet calorific at a datum
a general where

a general
hp,288'16'

The gerler::tl relations deduced as lUl.lUV1/;'!

stO'lctllOrnei:nc fueljair the gerlenll ~ ,;a,vLa,~.l L

limits are SP(~CIJtlccLl1) "+fl+",,""i \

·l6°K to T

1
288·16 + qs

this equation
re3~ct[:mt is dry air so

be ded.uCE:d by using eqllatlOn (11) l::'e,ctlc)l1 2.3), in which the medium

",horA the e tUIlctlorlS are those total heat as

+
by equcltlon (12).

(27)

am;el1l::e of
residual cornpIJnE:nt,

equCl,tion (27) to the mE:al111ffi component consisting

14



288·J6

H s hp.twf>l~n eCluati011s (26) then

- H [e H] 6 [OoJ
(28)

(29)

referred to simply as
con-

etllectlve L,Q,~'ULUJ.L, value [ecJ, ,
aPl)ropri:ate (j functions are

etll3ctlve value () are
being in

- 2·6645 [Hoz] ­

d~ng]lated the e functions
heat that they rep,resent
and accordingly eqllatlOn

- it [0,,] - j [e j ]

as equation

[Oe]

-1-0' x8'0

at is 9,000
fuel composition

calorific
9000 R

8 substitution in equation (28)

·96 - 0·40 X 22·4 0·10 X

= 9,000 - - 137·

- C.R.D./lb.

from

KC.V·goo

etllectlve vQ,.L'J.LH.Lv value
6 = 0,50 C= 0·,

With

(30)

should be
2

equations (3) and (4)

288-J6

3.4. General Combustion Temperature Rise
vVLUlJ L.L,:) UIJ.Lv or incoml bustil)le)

so that in

replaC(~C1 by

gerlenu c()mbm;tion tlempel:atll1re fIse eqllatlOn the parameter

H R]T
2

an mc:oITlbu.stible rea,cta,nt. latter pal'arrletler is calculated
288'16

the same manner any unbUlrne:d J.';Q,v~Q,ll.L n·r(\"n.Artn III acc;or,dallce
[~ectlon 2.2.3).

(31)

burned lIb of m at ternplera.tUl~eLetq
giving products at tenlpera

if hpCF),-~__ rv:." corlstcmt-pr,essare net values F and m at
ternp,eratUlre T 2 necH-IJalaw:.;e cl:ms:ldE~ra1tl011S t()geth(~r definition of value

Til T2
q + T = qhp(F), 2 hp(m),2

Tp 1

or - (hpCm),2

q = -----;:;;;--=~'---

15
(731138) lI2



Substituting effective calorific value for net calorific value in accordance with equation (24) the
following general combustion temperature rise equation is obtained:

- (E.C. V'(m), 2 + [HmJ T", )

q = 288·16 (33)
E.C,V'(F),2 + [HFJTF

288·16

Equations (32) and (33) clearly show that values of either net calorific value or effective calorific
value at the final temperature are appropriate to combustion temperature rise calculations, and
that preheating of the reactants is simply allowed for by the terms in H", and HF •

In a medium such as concentrated hydrogen peroxide, which liberates heat when it decomposes,
or air containing methane, the final temperature cannot be lower than that which would result
from the decomposition alone, i.e., equation (33) is meaningless at temperatures below that at
which q is zero.

The combustion process in media which decompose with the absorption of heat, such as nitric
acid, can be considered as a decomposition of the medium giving oxygen for the combustion of
the fuel used. The combustion calculation proceeds according to equation (33) except that the
medium must be considered as one with a negative calorific value and hence a negative effective
calorific value.

Combustion in air with water injection may be similarly treated, the effective calorific value
of the medium including the latent heat of evaporation of the water. This calculation is more
simply made, however, by considering the fuel used and water injected as a wet fuel (Section 3.1)
and calculating its effective calorific value.

\Vhen the reactant m is incombustible, equation (32) may be simplified by "writing hp(m),2 = 0,
which leads to:

[HmJ:
z

q = '" (34)
E,C,V'(F),2 + [HFJTF

288'16

which is equivalent to equation (25).

Alternatively the same result may be obtained from equation (33) by substituting E.C,V'm2 in
accordance with equation (30).

All combustion temperature rise calculations may be effected by use of either equation (33) or
equation (34). Two fundamental steps are required:

(i) The determination of E.C.V. at the desired final temperature (equation (28), Tables 1
and 8)

(ii) The determination of the total heat of the unburned reactants between appropriate limits
(equation (3), Table 1 and Tables 2 or 3, and 5 or 6).

For a reheat calculation the reactant m consists of the products of a previous combustion, and
the latter determination is then more conveniently effected by use of equation (11), Table 1,
and Tables 5 and 6 as illustrated in the following example:

Example (f).
Combustion in air (q = 0,01) of fuel A (C = 0,310, H = 0; 190, (5 = 0,200, N = 0,300) gives

c2mbustion p.!oducts whis:h are to be reheated from 9000 K to 1,1000 K by means of fuel B
(C = 0,800, H = 0'100,0 = 0'100). Find the quantity of fuel B required per Ib of fuel A
products if fuel B is used at 105°C, if its true specific heat at 60°C is 0·60 C.H.D./lboK and its
constant pressure net calorific value at 15°C is 9,000 C.H.D./lb.

16



208·45 -

At l,lOooK .using equation (28)

E.C,V' B = 9000

= 9000 - 208·

[ ]

105°C

HB = 90 X 0·60
l5"e

.L <unL;" 1 and 8 :

O· 45'3}
0·100 X 1837·5

0·100 X - 10·5

·94 = C.H.D./lb

·0 C.H.D./lb.

= 0·2725

=0'

Since the temperature rise of the medium is 200oK, true specific heat at the mean temperature
1,100

may be used to determine value of true specific heat at 1,000oK is calculated by

means of equation 1) 1 6 with the result

0·310 X 0·1151

o.190 X 2· 5542

0·200 X - 0·0121

+- 0·300 X O· 0064

0·0051

Sul)stiltut:ing values in (33)

200 X 0·
q = =-=~-:--~-=-

i.e., Fuel lb of Fuel A PrcKl.U.cts = O· vuu-rvu

Any property of products may now calculated accordance ~ec·tlOn 2.3.4.

The following eX~l,m'ple ilhlsb:at~'3s the use of the more general cornbllst:ion ternpleratUlre
equation:

Example (g)
composition by weight of the working medium of a gas turbine is

cent, water vapour 2 per cent. Fuel (11 = O· 1392, C = 0,8608,
is burnt this medium, the temperature rising from 3000 K ~"""'TT the fuel

Find the total heat of the products of combustion at 800oK.

pn'3SS11re net calorific value of methane at 15°e to be 12,000
the fuel at 300 e to be 0·5000 C.H.U.jlb.

Weight/lb

= 0,0200,

Hydrogen

0.01 X _4~'_

mean cornp()sition of the working medium is

\Vatervapour Carbon

0·97 0·02 0-01 X 12·010

O' 0075, 11m = 0·0025.

The mean cOIlstcmt-pressure net vCUVl.U~L; value medium at IS

O' 01 X 12,000 ·00 C.H.D.jlb.

17



Tables 1 and 8

·00 - 127·45 {+ ~:0025 : 1O~~:~}
+ 0·0200 X 115·5

·00 127-45 5·

C.H.U.jlb.

E.C.V.m • soo

SOOOK using equation

true spec;lhc

x 12· 8}
X 1089·0

O·
O·

- 127·45 - (

10,300 - 127·

10,010 C.H.D.jlb.

'08°K using (4), 1,3
by

(I. + Q. Q·QIOOQrnethane

= O· + 0·0200 X 0·2050 0·01 X Q.

0·2397 + 0·0041 0·0029

= 0·2467 .

E.C.V.F ,800

16
11·84 X Q·2467 2· C.H.U.jlb.

0·5000 X 30 ·0 C.H.U.jlb.

q

equ.at1()l1 (33)

12·61 + 2·

C0111bu.stHm is

1 {0'0075 X - '5}
~~~ + 0-0025 X ·6

VV'JVVI '+ 0·0200 X 173-5

total heat

43,5)

1657-6J

O'
O·

0·000967 {
1·000967 ,

0- 7·28

0·000967.

equ.atHm (11), Table 1

= 196-

normal losses on prcldu~ct

necessary, it

SUlJlPo:se in the combustion nrA,"""" that a Ira~CtlCm

burned to CO2 ,

3.5. Incomplete Combustion.-The
may be neglected 2.3.3).
following manner:

Consider a
carbon is bur:ned



the fuel may have

lb of hvdrog(~n c{)mJ)let:ely burned to

following compositionjIb :

1b of carbon' to CO,

(1 C1b carbon to

, complete) combustion.
methods preceding ::'e(~tlOillS.

fuel CO
prc,etu1ct pro!=}erl:1es. then proceeds accordmg

on

rf'lf~V::ll1t to
account:

be mCletltleet to into

(i) The changE:d

(ii)
These cnamgiE:S

prclducts (equation (28) with it XC)
due to incomplete combustion.

of the unt)UTJ1t c()nstltllents
lb

effective ,-,a..JJ.Ull'-'

air at 3000 K are analysed as
l{el~OS(:me:/lb dry Determine

COJmbustion products of (C
0-0720 0-0041 CO, 0-0003 Ib

temperature.

carbon/lb

Ib fue1{lb gases

= 12·

0-02697

0-0021 ~ 0-8608) 0-023215

0-1392 0-0005923

--::--:~ (0-02697 X 0-1392 0-0005923) = 0-

O' Ib fuel

~=O='0_2_6~97-:::== = O' 02694 _'he:ref'Jre fuel/air ratio

1·02857 1b prc}ducts are formed

(Table lOa)

1,200oK;

9,720 C.H.D_jIb 10)

X 0-0003 = 8-

X 0·0041 = 9- C.H.D_

10,506 0-0021 22-06

40·77

=1

then

As~;unle flame tenlperature



C.H.U·/lb.

~V.·7V\J X 0·0003 8·

2,406 X 0·0041 = 9·86

10,503 X 0·0020 = 22·06

= 1,512 C.H.D.Jlb.

0·02694 (9,571 1,512) =

T", = 293·66 C.H.D.jlb.

T
2

= 1,159°K.

[H airJT2
= 0·02694 (9,720 - 1,512)

300

300 71·70 C.H.D.jIb

H ail',T2
= 292· C.H.U.jIb

=1

T J• 1,160oK

= 9,751E.C.V.

Loss (Hz)

(CO)

Loss (fuel)

rh{~refore loss C.H.D.Jlb

Therefore

Assume

Notes.-(l) of

(2) A further IS u1ll1eoess,lry

(3) Example (j)
be used if the

are available.

is .... Ic.c'-rln Ullllecess:ary

tenlperature which may
cOlnblllstlon products the

Turbine Performance Calculations.-The turHla,mE~nt;U process,es
T11Y''',1'1'1'> el1glIle are:

(a) compression of
(b) of to at so
(c) Expansion of air so that "'n",ran IS rel,easea.

an Onf~n-(:VCIP.

While or take dltterl~nt

on"'rau may be as Innetlc ",noran or as work,
whatever form they take.

composition
fuel cor.rrpc)sition

fuel/medium ratio and

tOlJ.owmg unit aet.ernmnatl<Jns
from ratio and

from total heat, fuel/medium ~U.~.LV.u

,,'..n"trAn,TT function 'I{J from tenlperature

evalual:ion of
(i) Determination of total

(ii) Veterm.ma'tlOn
(iii) Uelcerrnmat1(m

(iv) Ueterm111atlOn of tenlperature from ",nTr"r.u tlmctlOn 'I{J, fuel/medium
composition

20



error if a

manner.
working

pe]:fol['rn:all(~e v':L.LI.,U.LCl,UU'H will be in
-nr""",,,ro ratios. For

ad'llarltage()Us to calculate the aplJrOpnate
heat and entropy tUI1lctlon,

and to plot the data on
ad'vallta.ge()us to compare the peJ~fOlrm;an(~e

been prepared for

(v) Determination of the fuel/medium Df(JCllICe a given temperature
given fuel composition ~AJ.~'.~UM. SU1JpC)rtJmg me:a111m temperature

(vi) Determination of ternp1eratulre fuel/medium ratio, fuel composition and
initial supporting "telupera

In (i), (iii) and (v), where temperature is Irnrlu'..... required properties are directly calculable
the methods given previously. del:enuirlation of temperature in cases (ii) , (iv) and (vi)

is, however, more complex as it is Impossllble a value to the appropriate ()
tions until the temperature

Unless only a fevv va.J,I.,U.La,~l.VL.l;:'

prC)pertlies of the combustion p[()Clu.cts
heat and specific
accurate interpolation

.J::'..;XaITlpll:s of its use are to I v.-o'I.

It is nec:essarv
systematic or rarlQClm,

the reading of gralphs,
that when the errors de'terminillg
are equivalent, if
consumption should

An individual expansion or a COlnpre~;Slcm frequently be calculated with
small systematic error is acc:ep1ced random error.

Isentropic is f.r",n"on·~ln determined true specific heat CjJm

T"" or from mean specific temperatures before and after the chamg1e.
entropy. Comparison determinations on the entropy
pressure change determined ratio differs systematically
in this manner, the error as difference in true specific heats
and end of second method can amount to little more
for a 10/1 the first method particularly
ratios. For pressure 2/1 the systematic errors, of both me:th()Cls
identical and 0·2 cent. For smaller pn:SS11re
is recommended.

Error ansm.g
in part by deJinition
I t is obvious,
conditions full COlrrectlon
error,
5/1 pressure

Dissociated prlOdll1c1:s
composition
changes cOlnp!ositic~n

considered as The chemical
mixture depends upon ternpera.tUJre as temperature

vary. At low temperatures ch,mg:e of composition is
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sutjtlcH~ntJlV high.
however, that com­
LLH.'-L<U temperature

COffiT)Osatlon is ' ' if expansion of a
COJtldJtlcms ~xrnp".p applies cannot a.el1ne:a. with certainty.

change under 1',,,,,,,.,, conditions llTI.leE;S

s are

way.

re-association, and T 1 S>

ternpersltures below 1,800oK dl~:SO,:latlOn is ignored

1 is evaluated as

urn"''''''.dQ is the heat relE~aSE~d

betore and after eX'j:>ansioJtl.

1) 1'1 is then evaluated

(A)

(B)

an,crn'", n:;le:3.SeCi is not wholly rar'fu7arc,rl

molecular-weight
mixtl1re is needed.

IS

attain their
loss in rapid cOJrrrp,re~;sicms

needed for the ad.Jlus1tmlJ:nt
dlC)Xllcle, and this is

any loss
",p],p"'(T~lnt to gases at high ternpeTa,tures

KE~laxatlOn time, i.e.,
Ca1)aCltH~S at a given ternp,eratUJre

The
vibrational heat

SUlnCJlently short in
cOffilJ)ressi.on or expansion of

case inadequate

the merit of m(11Catlng
"''''''~1''d'' involved in a pnJCE:SS,
-nr,r.f"~CC approaches

of TTU,:H;j1'H7V.--Q 1.1. Compression and
-r",hrf·rr.'nu· efficiency are to a considerable.extent.

relation betw the ideal qu.antltles
IS a more r measure of the extellLt

one form only be recommended.

beoaral:e definitions
tUI)Ci(~m,ental forms are:

d.U.ld.U'd.LJL\.., efficiency are rc»nn1r",rl The

same

of these definitions, ho'we1lTer complicates cal.cuJlatllon of peJrformance.
of the definition substituted as ''''1tlVII::,>

is obviously ;"""'''''1"\1''+'1'''''+ to state clearly the any efficiency

Polytropic eifi.cieIlcy
state during a prl)CE~SS.

accordance pr;aCl:1CIJ:.

cLU.lcLU'cLLJl...., eJtI1Clerlcy relevant to an m11nJLteSIn1al change
process,

22



Polytropic em,clellcy applied to pn~SS11re ch;m~~es in either following ways:

(compression)

(expansion)

(compre,sion)

Tz = (P2) y

TI PI

T2 = (P2) l'

T1 PI

1
'l/J2- 'l/Jl=­

1)p01

or

where VJ2 and 'l/JI are
T 2J

values relev~mt the real, as opposed isentropic, telnpen:ltures

Oml)USI:~on efficiency.-In
combustion efficiency can

tn€~OTe~t1C;:UiY obtainable. This
In

UI.J'CiI.J<U aemnltlOIlS in common use are as 1.VLlVV";:)

combustion
relation

absolute
reCluc:eet thlLOUlgh non­

de1:ennirled as the
would

capacity
temperature.

(a) 1)1'

be obt:aUleet

The sec()nd
products
maybe

where is a constant having a
the mean heat of air and

Thus for 11 0 -

for 11 O·

11 go(1 - 1))K J

approximately 2­
combustion products,

q = 0-03, 1)F o·
and qo = 0-02, rJF 0-

Thus

'Y/T and f/F

quantity
needed.
needed

'fJT 'fJ 'YJF'

well performance calcuJlatllons. When
. the given ternpera.tUJre rise is divided to determine

usmg 'fJT' rise required is by 'Y/T' and
new temperature is determined. fundamentally,

ideal
am.oUIlt actually

amount of fuel
cU'-'UF',.U negligibly.
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error, efficiencies at these two cOlt1dllt!C)llS are equaL Accordingly
use of the more simple of expressing com-

bustion aUUlIlOIlal accuracy is of no owing to the experi-
mental and the determination of combustion from temperature
measurements, eItlCHmcy accurate to 1 per cent are exc:eIltlC)llaJ.

Molecular weight '-'H':<'Uf,'-'v ari.sinlg tJb.rcmgh imperfect are U;;'IJ.cL.LLY l~:(Il()reQ for reasons
given in Section 2.3.3,

a fuel composition

most commonly
COlTIP>Osl.tlcm chosen
pe]~fe(~t combustion

hvdro2'(~n cClnteJrrt H

1;{/Y,rn1j;~ Performance.­
specific heat, and

pn~p<lred according to equations
are demonstrated

ueC;lClE;Cl arbitrarily. Since ke]~os(me

is obviously desirable,
mean molecular weight of prclQU.CtS

mClleC:Ul,lI UTPH:rht of air.

combustion of q Ib hy,drclca:rbc)ll

4.2. Construction of Data ;::,neet,$--;::,t,an,za1"a
4.2.1. Standard fuel and
entropy function of prc)du.cts
(11) and (lla).
in Example (e),

_ Figs. 1 to 1.§
C = O·8608,H = O·

The composition
a cornpC)Sltlon

The molecular weight of prclduds of combustion is

aIL

combustionmolecular weight

IS mclepen(lerlt of q and equal to the mCllec:ul,u

this standard fuel are SUlnrnled
relation

Therefore if H X -=-----';;c-:;-

more preCIse than

1 q (tj,,/lj Lame,,)f q () f(5)

term being zero combustion

tabulation also permits
det:ennlrled when desired.

net calorific value at COIlst,lnt Prc~ss11re

C.H.D.Jlb.

eif<::ctlve calorific
tatlul,lted in Table 10, and has
nnJdllct temperatures up to
emlCIE;nt combustion and th,ere:i01~e

Combustion ternpleratUJLe

temperature

the sensible heat of IS slgmtlcant.

however) in the following CII'cums,taJI1CE:;S



For temperature rises of less than 2000 K the temperature rise charts do not give the accuracy
required for precise calculations, and the fuel/air ratio should be determined directly from
equation (25) using the true specific heat of air at the mean temperature (Tz + T 1)/2 to determine

the value of [HaiJ:: and effective calorific value (Table 10 or Fig. 19).

'When the fueLtemperature is appreciably different from 15°C the sensible heat/lb fuel above
15°C is added to the effective calorific value (i.e. equation (25) is used), the total heat of air being
deduced by the appropriate method given in Section 4.

Use of the effective calorific value and specific heat or total heat data readily permits reheat
calculations, using equation (34). Thus the difference in total heat of the products of the primary
combustion between the inlet and final reheat temperatures, and the effective calorific value at
the final reheat temperature permit the determination of the reheat fuel/primary products ratio,
from which the reheat fuel/air ratio is simply obtained. The difference in total heat is obtained
using Figs. 3 to II, unless the temperature rise is less than 200° when, as above, the true specific

, heat Cpm at the mean temperature (T1 + T 2)/2 should be used.

A correction for dissociation is desirable at higher temperatures, and combustion temperature
rise should be calculated directly from effective calorific value, adjusted by means of the dissocia­
tion loss when higher product temperatures are required. Calculated values of this loss are
given in Fig. 19 for pressures of 0·25, 1· 0, and 4·0 Atm. The method is illustrated in Example (i).

Example (i)
Given standard fuel combustion products (q = 0,03) at 1,2000 K and 0·25 Atm pressure, to

determine the total fuel/air ratio, after combustion of further standard fuel, temperature 120°C,
sufficient to raise the temperature to 1,6000 K.

Total heat of products (q = O· 03) (Fig. 7) at 1,2000 K = 316·1 C.H.D./lb.

Total heat of products (q = 0,03) at 1,6000 K (Fig. 9) = 437·1 C.H.D./lb.

Increase in total heat/lb products = 121·0 C.H.D.

Increase in total heat/lb air = 121·0 X 1·03 = 124·7 CH.U.

Effective calorific value at 1,6000 K (TF = 15°C, no dissociation) (Fig. 19) = 9,388 CH.U.jlb.

Approximate additional fuel/air ratio = 0·013

Approximate total fuel/air ratio = 0·043

Dissociation correction per lb fuel (1,6000 K, q = 0,043) (Fig. 19) = 27 CH.U.

Sensible heat of fuel above 15°C = 105 X 0,60* = 63 CH.D.jlb.

Overall effective calorific value of fuel = 9,388 + 63 - 27 = 9,424 CH.D./lb.

Therefore additional fuel/air ratio = 124·7/9,424 = 0·01323

Therefore total fuel/air ratio = 0·04323 .

The inverse calculation, i.e., the determination of the product temperature knowing the original
temperature and pressure and fuel/air ratio using equation (18) is illustrated by Example (j).

* This value for fuel specific heat is arbitrary, and for precise work using a definite fuel, the experimentally determined
value should be used.
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pressure and 400oK. q 0·03. What is

0·03 X 10,279

C.H.D./lb (308' 4 + 26,9) 1· 03

in absence of dissociation
309·0

C.H.D./lb air = 26·90

15°C C.H.U./lb (309'0 + 26·9)/1·03 = 326·0

= 69·80

= 395·

= 1465·5°K

= 21 C.H.U./lb
= 308·4

= 325·5
= 395·3 C.H.U.
= 1,464°K.

at 1KeTO!3en.e IS bUlmeCi
1!,xa~mPte (j)

COITeE,pondlmg- nrr,np'rtu of

are evaluated using
200°C, reS1Jec1:ivelv

entrot':vfunction 7p.--.rc,r determination of
prclCe!;S CC)llSJlsts of:

f:'eJvtOjvm,'J,nI~e Calcu,lation.-The determination of
, and fuel/medium ratio,

Ll1'~eVi;lse the determination of the
fuel composition and
(i), pages 16 and 25,

pn~ciE,e v <".l.u.,~", cannot be assigned
asc;eritaljtlec1. and error processes are

aal;a.--;:',ll1c:e there a random error of O· 5
cOllsum'j:lticm. of an engine arising from
sy~;te:ma.tic error is tolerable. It is considered

".11".1 v-,,,,,, indicates that most
sY~3te:matic error in the output

va:riation O· 2 cent in the hydrogen

SPC;CItlC tuel cOIlsum}:ltlCm and vice versa.
thE:refore reC;OITlmcencleCi for fuels containing

standard 10,300 C.H,U./lb).

and so increases the work
the presence in the air

Accordingly even in
VaI'mtlOn being systematic,

valid under normal conditions

4.2.2. Range of a1J1.)t~caD~.t~tv

cent to 1· 0 per
error plotting

0·2 cent
unfavourable C1rI0Urnstan,ces
specific COIISUm1=lticm
content of the

Increase
Direct use of the

13·7 to . 1 cent hy(1roigen

Atmospheric mC,lstlllIe mcreases
output per Ib air, and
of 1 per cent of mCllsture WUllHU lllc:re;3,se
temperate latitudes a vanatlon
however, cOInparisorls
of humidity.

4.3. Use of
total heat and entro!)v tl1nc~tlO,n

are illustrated
iuel/medium
initial SU1)pC)rtlng mE~Ci111m tenlPerature
The lllv~::rse calc:U1atlOIlS ccmn()t
to the /J tuIJlctlons tenlPerature
easily applied, hr.",,,,,,,pr

Compression
when the pressure ratio <

4.3.1. Determination of temperat%re from total
temperature from total heat or en-tropv !UIlct:lon

(i) estimation a likely value of ternpleratUl~e

(ii) evaluation of appropriate () IUl1ctlOI1S
(iii) substitution in equation (11) or (lla) to
(iv) determination of temperature



the of combustion 0·50, =0· 0=0·1 ,
containing 1· 5 water q = 0·02, given that the

(the correct answer from is 1,000OR).

T = 900oR.

From 5 and 1) the total air at IS by

0·50 X - ·9

·4
0·20 X 1,895'7 0·015

·2
0·10 X - ·5 1.02 X

0·20 X 6·5

·4 7· 2·93 _

251·4 _

I the

sec(mC!. trial ~,u• .ulFl

property as if aplJlle:C!.
example the ternpera.tUJre
greater than

calculation of B T1n1,t'T1nn(>

L,cU.L,l.LLCl,LJlVH IS unnecessary.

Determination combustion temperatu~e V<)"'.-'.)"C; of equation (18) pel:mits a slmlple
de1:erJnumtlon of cornbllst!LOn given UU'CH.Ll conditions and ratio, as

example

C.H.U./lb.

·0 C.H.U.

= 2·

that of

8,000 C.H.U.jIb at IS Qurnen
teu1perature of PH)C!.U.cts ?

(l)
(C = 0,8008, 0'0992,0 O· 10) at 15°C

air at fuel/air O· \Vhat is

Heat C.H.U.jlb air = 0-03 X

Sensible materials 15°C

Sensible products 15°C = 242·

Assume total heat of to

1,

16

{

0'0992 X

0·8008 X

0·1000 X

7·20.

and T 2 1,

16
-76=

Therefore

Repetition ofunctions '...CUL,U1Cl,LC;U = 1,



has been
may be \..Q,J,\..UJ-CUIJu.

mainly thl:OU!2'h
content
ratio

tend to
Charts correl,itUlg

and error computations, but in
eX1DaI1SlClTI e:;;:po,neIlt (e.g., W. Thomson,

gerlenl1, be this, so

present ODleCtlV'e is to
compatible

for onle-dlmen~nOllal

sonIC ~r",II(,\",t'U

for hIgher vellDcltles,

was po:ssIIDle
properties

Im'prctCtl,Cal to attempt

use of a 110:n-clirn,el1SlOnal VeJloC:Ltv par'arrletl~r

is strictly 1rri"'lp'il~Tlt

reasonably SIDlpJ,e
Mach number are cOIlsH:!ered,
by use, a deJ::i.nition
the

flow of
function is

static ternp,eratu:re

of specific heat a COlltilllitll
used, it is desirable relations mClUCle
and the fundamental equation~are combined

any molecular and SPE~CltlC

so that use for air
tempera­

combustion

are
to

VUtl;J.--<J.l.1. Dimensional Ltl/L'''"''.--.L"J-IJ

pn:;leJrred to oR, consequently

F=

= mass

a = acc:e1(:;ranon

IX e.G.S., J2.ng:llSh

.c-l11:>H~'H ~ngJ,nel:;nnlg System
earth's at1:ra,ctllDl1, ass:uITled

is arbitrarily CnC)Sel1,
sea level and 45" latitude.



F (lb force)

or neglecting d1tl:ere~nCt:;s in gravitational attraction

(force) secll

g = lb (mass)
is dimensionless.

sut)stltutlOn would be in r.:>r'rnrrl

ob1:aUled by making it as "AY,no-,..","""" ta.cto:rs

Definitions
the fluid is aSS;UIIled

conlSlderatlOllS the COIJIServat:lOn

G A

Till 2gJ(H Hs)

10glO P!Ps = VJ - 1fJs

G = mass flow (Ib

area of flow (ftll
)

P (lb (mass)Jft3
)

J = Ib (force)jC.H.U.

vpl()('l1''U (ft/sec)

P Ib (foree)Iftll

H above OaK

VJ = function

(35)

(36)

(37)

To

where

eqllatlOnS IS QA.lAJ.c;U equ.atH)ll of of a peTteet

telll1pE:ralture, pJressure density,
while

brO;UgJlt isentropically

(38)

(73938)

R gas (C.H. mon

N!

(36) (38) be to give

300· - H s)

Ps!Ps 2781· 6T s /11;f .

equations are obtained, by combining

(36a)

(38a)

c



Flow at subsonic velocities.-When
not exceed 2·0 for 6· 0 < MCp< 14·

IS than the velocity of ">vu.uu,

Equations (36) and (37) may then

V 2 = 2gJCp",(

P!Ps = (T/Ts){Y/(Y-ll}".

(39)

(40)

Cpm = true spel:ahc

{yl(y - I)}", = MCp",jR (41)

wltJlOllt introducing systematic error slgrnhc:ant
calculation to 4 slgIuhc:ant nguTe:;.

normal random error

par'amete:rs only is already

velocity and density between equlatllons ) (38) (39) gives

(42)

or on multiI)lic::iti()11 by y(MoIM), where M o is the mo.leCl11ar weI!!ht

or

1) I.
(43)

(43a)

equation (40) in equation (43) and rea:rrallglIlg

GYTJ(A!()) - J(2gM cMC pm)J I
Ap M - R 2

] (

I)},,, = MCpmIR, y,,, is a lunctlcln
presented as a function of either PIPs or

(44)

y(MoIM) may be

D:itteremtI:atIcm of (44) with reSl)ect

(46)

(45)

(47)

Lax = J(gY"R7o)Jj(y 2

PIPs = {(y + 1)/2}(Ylr-1)m
or on sutlstitution of equation (40), when

TITs = {(y + 1)j2}",. ..

value of TITs in equation (39)
paralmeter {(GyT/AP)y(1i1o/LVI)}max,

(V*)2 = 2g]Cp",Ts{(Ym - 1)j2}

30
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(48)



The last expression of equation (48) would be equal to the velocity of sound in the gas, were
Cp constant. For gases of varying specific heat the relative difference in velocity is proportional
to the square root of the ratio of Ym and Y at T s, i.e., it is generally very small. Accordingly a
non-dimensional velocity (Mach number) which is the ratio velocityjsonic velocity is given with
sufficient accuracy for subsonic velocities by the ratio VjV*. Thus

Jl
2gJC (T - T) ( J1 2 ( T ) ~Mach number = pm s = - - 1

2gJCp",Ts{(Y - 1)j2}", (y - 1)", T s

I II III

= J(M~~J G~~sJ(:/). (49)

IV

Mach number may thus be expressed as a function of l11Cpm and TITs alone (I = III), and for
constant MCp ", is proportional to (GyiTsfAPJV(MoIM), (I = IV), the constant of proportionality
being yI(RJ/l11ogy",). This may be expressed as a function of l11Cpm'

5.1.4. Flow at supersonic velocities.-Supersonic flow involves greater temperature difference
(T - T s ) than subsonic flow, and accordingly only a lower standard of accuracy is often necessary.
In these circumstances the systematic error involved in the extrapolation of equations (40) to
(49) is generally tolerable.

(50)

(35)

(36a)

(37)

(38a)

When greatest possible accuracy is desired, however, it is necessary to use the basic equations
(35), (36a) , (37) and (38a):

G = AVps

v = 300· 22y1(H - H)

loglo PIPs = 'IfJ - 'lfJs ••

Psfps = 2781·6Ts1M .

Elimination of Ps and V between equations (35), (36a) and (38a) gives the following

A~Jps = 0·10793y1(H - Hs)= 27~ .6

so that if specific mass flow GIAM, static temperature and static pressure are gIven, total
conditions are directly calculable.

However, given total conditions and specific mass flow a simple trial and error process using
equations (37) and (50) is necessary, but one involving no serious difficulties. Use of plotted
functions can shorten it through providing a good first approximation.

If Mach number is to be used in accurate calculations for supersonic velocities a definition
which is reasonably close to reality, and still consistent with that for subsonic flow, is needed.
In the latter respect it is essential that the new definition gives Mach number = 1 under the same
conditions as does the definition for subsonic velocities.

Such a Mach number must still remain a relation between true velocity and an arbitrary sonic
velocity, and consistency with the definition for subsonic velocities indicates that selection of a
suitable value of y, say y', is the only adjustment possible.

31
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(51)

the IULJlUVVUJ'" sl\:etcl1
mc:re;:lsulg with velocity.

1 by a tenlperature

T s) = y{2g]C'(T' ­

T')j2.
reT)1a<~ea by y'""

correspOllds to
uaw)n (49) (I

T
MACH No,l

k.:c__-----~c__-------T

-- - '1_ DeTERMINED ALONG THIS LINE

'('_ t>E.TERM1N~O AI.ONG THIS LIN~,

v·
ContInuity is obviously actlle~led T when Mach numt)er

uu.'euu'vL = 1·°is not un:LfOI:m.

noted aelllm,tlCln of Mach HU1LH)';:;1

velocity by above methods as P01.ntE:d out earlier
parameter is optional.

1·0, th<)u12'h the continuity

the ,-,o,l\..<WLCUJLVH

I:'re:ser.~tatzonof JJ<4w••--,-,o,L'-_UULU'-'U

that the correct mean
and it would desirable to

temperature.
UaLL'JH (43), or GyTjApy(Nlo/lltf),

telnpercltures and are more easily me:aSllfed

Mach UUJ,HU'vl

- 1) or and Mach

= III)

and

quanon (49)

exponent

for gerler,ll
par'am.eters is SlITlplJL1le'd.

JI 2 (
( (y 1)",

2J(y 1).using data

Since also

reJat1<)ns h",1'u"',,,n the

Mach J(M~;J _,---:_Ts J(~) ,
tabulated for y (R] /1I1ogy) penmts
param~~ter GyTsjAps y(l'\!IojM) and tempera

Equ (49) (I = IV)

flow



ch:m~(e 111 mc,lec:ulclr VV'GL~LLL IS

tream~ntlv nl~em~C1 to det,errrllne

The pnncl]Jles
are
with dltten~nt gIven C011dltlO!ns,
presU1111ed that suitable she:ets

CaJ.culatlOI1lS are made, and
only unnecessary complexity.

will seen that a trial error vCL1.vU.LCLLJLVH

which specific data are used.
closely, the number and error cal,culatHJnS reclucecL

HLC;UHJU;:' are also applicable to dlSSOC;lal:ed
as dls,cussed calculation of

0·60.Mach

error prClce:;s as follows:

111o/M = 1·0

is determined trial

Example (m)
lb/sec

Determine

(Eqn.
I = III

+1'

Trial I 0·2750 7·97 6·027 1·0597 1052 1083·5 0·2762 Incorrect

= 300·22v!{0·2762 X ( - T s )} 1,247

0·2762 8·00 6·057 1·0594 1052·5 1083·8 0·2762 Correct

Velocity sound

=8· 30).

UCLU\JU (40).

Equation (38a)

·9

= 8·0, Y = 4·028; PIPs 1·262
y-

theJrefore G'/pTJ(i/) 0·3268

X 1· X 15·0 m.

Ps

1·0594,

PIPs = 1·

fhiere:fm'e area

Therefore aellsn:y = Ps lb/ft3
•

to to catcu!;ate area
flow area, for Mach ~LUl"L'vL.

and error would

in the 6th cohlmn..

static tenlPerature pel11lits theerror determination
parameters

if P were SpE~ClIle(1 .LU,:;>L\.<QA.L



aIr, = 288· P= 14· 2 is with a 450
the flow area needed.

MolM 1 , ·969,

V = 300· T 450; T- 2·2467.

Estimated T (T + Cpm

1)

Trial I 0·2396 9·4 278·6 283·3 0·2396 Correct

1 ·0337, ---:;
y-

PIP.
Ps =

3-495;

.b:qmltion (40)

Equation (50)

·2 sq in.
28·969 X 12·91 X 0·1618

V
~o-:- = 2781-6 0·1618.

60·0 X ·6'herefoJre area

Alternatively

= 1,123, (~o) O' Fig. 30

rh€~refore area 276·0

Note:
This callcul,ltlCm is typical the area conClpreSSI)r .-I,,,l'u,,,..,,, volutes,

47·3 air, Ps lb/in. 2 is of 0·739.
Determine its velocity, density and

= 1·0, M

Trial I 0·2485 1·470 0·5027 366·0 5·251 1·1040 404·1

Trial II 0·2415 6· 1·462 0·5055 370·0 5·046 1·1082 410·0

Velocity 300-22v'{O- T s)} it/sec.

= 1-1082, =6· -y- =3-
y 1

PIPs 1·436.

34
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Total pressure 1-436 X -0 = 21- m.

Ps
quatlon (4a)

p s = ----:=:;--;;c_·=0=X--:;:-14_4 = O' 06080
X

Note:
This calculation -illl1<:>tr':l

procedure for call:::ul~itlrlg

proportionality (equation
~u,,_~u.J. knowledge of a temperature.

12)

1-1848 in.2/sec/lb.

MolM = 1, M= -969.

(i) calculation.

equaLtion (50)
AMps

Tht~refore velocity

V
2781-6 .

2781·6 X 1000·9
X X

it/sec.

H 182-52 J::'..:qllatlC)ll (36a)

H= ,08. H= -60s

- -9°K.

1fs 12·0582

1f ·9479

PIPs 7-

Therefore Ibjsq in.

determine and hence number.

Estimated Mach
2 T' + Ts C;pmT'number y- 2 (Fig. 1)(Table 12)

Trial I 0·2693 7·80 1·0 5·856 1·1708 1171·9 1086·4 0·2763 Incorrect

Trial II 0·2763 8·00 1·0 6·057 1·1651 1166·1 1083·5 0·2762 Correct

300· 22V{0· 2762(

number 2-0.

ft/sec.



(ii) Approximate calculation.

V is as accurate calculation as 4056

and Tare det:errnlrled error as iVJ.J.VV'V,~

Estimated T I T Cpm

Trial I · . 0·2800 651·8 1652·7 1313·3 0·2942 Incorrect

Trial II · . 0·2842 642·3 1643·2 1322·1 0·2845 Incorrect

Trial III ·. 0·2845 641·2 1642·1 1321·5 0·2845 Correct

Therefore

Therefore

.1. = 1·641.

= 8·24,
y

y-
4,149, 2

y-
6·298. 12

Therefore

pjP. 7·

P = . 2 Ibjsq in. and

nUITlber = 2·01.

J:l.,qlJlatl(m (40)

Equation (49)

cent of the r-nTT"",t u·~ I",,,,,

and error is avoided

velocity of could be del:enmrled directly equally
mterests of consistency use the definition of

of the are within 1
ex,imple the accurate calculation is easy.

2 is flO'io"ing
terrrp(~rature, and its ut'!!r.r-ifu

Therefore
G (;0) Q'VVU7-r.

T and T s are de1:en11lIled as follows:

Incorrect

Correct1318

1317

1637 999

1635 999

0·2201

0·2200

1·638

1·637

0·2410

0·2407

1
y

(Table



ac(~ur,ate calculation is now made sutJstituting
equ,atH)ll (50), with GIAlVfps = 0-0014568, so

'lJ!s are then checked against PIPs = 7·

approximate
- H" and

of T s .LVU,U"" above
may be det:errnm,ec1.

V = 4056

Mach number 2·00.

H. H TOR 'II Vi. 1p Vi. P!P.(Table 1) (Table 1) (Table 1) (Table 1)

Trial I 249·57 1·4553 431·38 163·97 7·732

Trial II 249-84 1·4568 182·19 432·03 1641·9 7,746,

Trial III 250·06 1·4580 182·48 432·54 1643·7 7·757

1000· 1643· V are as

converse Example (P).
error calculation is tedLlou:s,

1).

1:!,qttatH)ll (36a)

Ibjin. 2 Determine the velocity

PIPs 5·00

0·6990 _

0-6782

·969,M

·0 Ib{in.2 and PsP

'lJ! = 12·0566 (Table 1),

'lJ!s = 11·3576

249·84 C.H.U.flb,

= 300 -22y'90' -

V = 1.026_Using eqlIatlon 50:

Example (r)
Air, T is flowing

and mass flow per unit area.

Moll!;! = 1· 0,

Note:
va.J,vU,'U,LC'VU is typical ac(~ur;ate v(;l,J,vWlaLJlVH, of

"'<>11"'..-,,,,,, no trial and error.
a sur)er~;on:lC fi()Zzl,e, which with

National Gas l'urbinle J::,st<:tblllshment,
\l1r,Lr",rc Co., Ltd., and

* extrapolation from trials 1 and 2.
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APPENDIX I

Constants and Notations

1. Constants.~J.1. Energy. -The unit of energy used in this work is the C.H.U. defined as

1 C.H.U.jIb 4·1868 abs. Joulesjgm.

The gravitational constant used assumes equal gravitational over the Earth's surface
and defines the relation between force, mass and acceleration as follows:

g 1b (force) X sec2jlb (mass) X
or

g = 32·1741b (force) seclljlb (mass) X ft
and is dimensionless.

Accordingly,
] = it Ib (iorce)jC.H.U., i.e., is dimensionless

1 C.H.U. = 1400· it lb (force)

1 h.p. = 550 ft lb (force)/sec

= 0·745565 k\iV

1 C.H.D./sec = 1·89876 kW = 2·54674 h.p.
All temperatures are quoted in oK, relation between oK °C being

oK °C + 273.16 .

12·010

39·950

32·070

Carbon

Argon

Sulphur

32·000

28·016

2·016

1.2. Gas Constant and lJ,lolecular fVeight.~The universal gas constant is taken as

R 1· 98586 C.H.U./lb Mol

Molecular weights of principal eleJme:nts

Oxygen

Nitrogen

Hydrogen

Dry Air

Composition (vjv)

Composition (w/w)
Molecular weight

RJlM

Nitrogen
78·030%

75·463%
28·969

= 96·0204 it

Oxygen
20·990%

23·186%

(force) jIb

Argon
0·980%

1·351%

Notation.~Asall symbols are defined. in the text the system only is here.

2.1. Quantities.
C Specific heat (C.H.U.jlb OK)
H Total heat above OaK (C.H.U./lb)

ydI'OIi!:€m content of (Ib/lb)

a Oxygen content of reactant (Ib/Ib)

S Sulphur content of reactant (lb{lb)

W Water vapour content of reactant (lb/lb)
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e.g., total heat

cOIlstmt pressure

U COIJlterlt

c

JYIo

P
A

G
V

T

p

f
hp

E.C.V.

R

Carbon COIlteIlt of reactant (lbjIb)

Nit:rmlen content of reactant (Ib/lb)

reactant (lb/Ib)

j j reactant(lb/lb)
whereu and j are geIler,:t! combustible and inert components respectively.

1~1 weight

Molecular weight of

Total-head pressure (Ib force per unit area abs.)

Area (ftZ
)

Mass flow (Ib/sec)

Velocity (ft/sec)

Total head temperature

Density (lb/ft3
)

General function of

Net calorific

Effective calorific

Universal gas constant

Q

e

k

-Eu,trclpv function = e rT

MCpdT
~ 0 T

Temperature functions total heat, heat, etc. (reactants)

TemJ)erahlre functions total heat, heat, etc. (products of combustion)

fk" for burned component )
Molecular weight functions of components l J

kj unburned component

Ratios,

] Mechanical equivalent of heat

y Ratio of specific heats Cp/Cv

q Fuel/air ratio

a Stoiciometric air/fuel ratio

iV!' of molecular \veights 111o/M

o

2.3. General Subscripts and M odifyi11,g Signs.

o Refers to OOK

"'-"-<;;;JL<;;;l.;:) to

Kejters to mean telnp'eratUl~e

, medium' .to.;;a.<JLa,LiL, e.g., H",
e.g., or Ym, or a property of the

condition
(5)

p

[I

,.... rd'''~~ to stanCl:3.rCl

"''''-''.o.;;.t '" to
Refers to COIlst,mt pressure

Refers to a the enclosed quantity between states 2 and 1

39



The Summation

cancelled.

(52)

number of random errors theret,ore
determination

rallG{)m errors rnay

rea.QUlgs "'Arll11,rt:>ri for the

consumption.
de1:enniIled by means of

spE~citlc heat ett(~ctlve

if it is ass,urrled



(59)

(57)
oH

Case (ii).-Equation (52) gives

± 0 H 3 ± oH - H 4 ± oH - H 2 ± oH + HI
1] 1] = Q oQ

where Q is the heat quantity added.

A d· 1 s _ ± 40H ± 1] oQ (58)ccor mg y U1] - QQ'

Presuming equal errors in temperature-entropy conversions, and expressing as before in terms
of the error in an individual reading

80H 1] oQ
01]= Q Q'

A somewhat greater tolerance appears permissible in combustion temperature rise curves than
in total heat or entropy functions as the effect of the error 1] oQ/Q is equivalent to that of the
sum of the other errors, but negligible error can be permitted, however, without the tolerance in
the reading of H being reduced, so relative reduction of scale of combustion temperature rise
curves is not justified. Given precise charts, however, there need be no increase in random

'error as compared with calculation according to (i).

Case (iii).-When a specific heat is used for determination of isentropic change, the random
error in the determination of temperature change is partially compensated in the determination
of the heat change. The random error in the determination of the heat changes is accordingly
less than oCp (Ts - T 4 ) + oCp (TI - T 2). The total error will not therefore exceed

± 20_~£(~3= T 4 ) + 1] ~Q .

If combustion temperature rise is also determined by means of Cp, the sum becomes
_I 30Cp (Ts - T 4)

:::l> :::1= Q '

and is probably no greater than ± 20CATQ- T 4
). The random error in the result for a given

random error in Cp will be least when the pressure ratio is low, i.e., for the conditions when
calculation by this method is recommended. Some systematic error is introduced, but it is also
slight for these low pressure ratios.

Accuracy Requirements
Negligible error will accrue from effective calorific value in the determination of combustion

temperature rise, and if all other errors are presumed to be equal or equivalent, there is a limiting
random error for a given probability that 01] does not exceed a stipulated value. When the
error in determining total heat from temperature does not exceed 1/800 of the heat input (and
the error in determining temperature from entropy is equivalent), then for 7 errors the probability
that 01] ::( ± 0·0025 is estimated as being of the order of 80 per cent.

The conditions necessary for this order of accuracy, when the combustion temperature rise is
2000 K are therefore :

(a) The reading of total heat to the nearest 0-1 C.H.U./lb
(b) The reading of temperature to the nearest O' 5°K.
(c) The reading of 7p to permit the determination of temperature to the nearest 0'5°K
(d) The reading of fuel/air ratio to nearest 0·00001.

In other words the greatest error that can be tolerated is ± 0·05 C.H.U./lb, or ± 0-25°K.
When specific heat is used for all stages of the calculation of a cycle involving temperature

changes not exceeding 200oK, oCplCp should not exceed about 1/1200, i.e., Cp should be read to
0·0004 C.H.U./lb for the calculation of fuel consumption with an accuracy of ± 1 per cent. A
more precise estimate is needed for better accuracy, or if the heat changes in compression and
expansion are significantly greater than the combustion heat release.
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TABLE 1

of Dry

H= above 'lfJ= function,

Cp = at constant H 15 = above 288· (15°C)

oK;

composition N 2 O2

0·75463 0·23186 0·01351

TOK H Co VJ TOK H Cp 1p Hill

200 47·76 0·2393 9·5264 -21,11

201 48·00 0·2393 9·5340 -20,87 241 57·57 0·2393 9·8091 -11,30
202 48·24 0·2393 9·5415 -20,63 242 57·81 0·2394 9·8154 11·06
203 48·47 0·2393 9·5490 -20,40 243 58·05 0·2394 9·8217 10·82
204 48·71 0·2393 9·5564 -20,16 244 58·29 0·2394 9·8279 10·58
205 48·95 0·2393 9·5638 19·92 245 58·53 0·2394 9·8341 10·34
206 49·19 0·2393 9·5712 19·68 246 58·77 0·2394 9·8403 10·10
207 49·43 0·2393 9·5785 19·44 247 59·01 0·2394 9·8464 9·86
208 49·67 0·2393 9·5858 19·20 248 59·24 0·2394 9·8525 9·63
209 49·91 0·2393 9·5931 18·96 249 59·48 0·2394 9·8586 9·39
210 50·15 0·2393 9·6003 -18'72 250 59·72 0·2394 9·8647 9·15

,
211 50·39 0·2393 9·6075 18·48 251 59·96 0·2394 9·8707 8·91
212 50·63 0·2393 9·6147 18·24 252 60·20 0·2394 9·8767 8·67
213 50·86 0·2393 9·6218 18·01 253 60·44 0·2394 9·8827 8·43
214 51·10 0·2393 9·6289 17·77 254 60·68 0·2394 9·8887 8·19
215 51·34 0·2393 9·6360 -17 53 255 60·92 0·2394 9·8947 7·95
216 51·58

I 0·2393 9·6430 -17,29 256 61·16 0·2394 I 9·9006 7·71
217 51·82 0·2393 9·6500 17·05 257 61·40 0·2394 9,·9065 7·47
218 52·06 0·2393 9·6570 -16,81 258 61·64 0·2394 9·9124 7·23
219 52·30 0·2393 9·6639 -16,57 259 61·88 0·2394 9·9183 6·99
220 52·54 0·2393 9·6708 16·33 260 62·12 0·2394 9·9242 6·75

221 52·78 0·2393 9·6777 -16,09 261 62·36 0·2394 9·9300 - 6·51
222 53·02 0·2393 9·6845 15·85 262 62·60 0·2395 9·9358 6·27
223 53·26 0·2393 9·6913 -15,61 263 62·84 0·2395 9·9416 6·03
224 53·50 0·2393 9·6981 15·37 264 63·08 0·2395 9·9474 5·79
225 53·74 0·2393 9·7048 -15,13 265 63·32 0·2395 9·9531 - 5·55
226 53·98 0·2393 9·7115 14·89 266 63·56 0·2395 9·9588 5·31
227 54·22 0·2393 9·7182 -14,65 267 63·80 0·2395 9·9645 5·07
228 54·46 0·2393 9·7249 -14,41 268 64·04 0·2395 9·9702 - 4·83
229 54·70 0·2393 9·7315 -14,17 269 64·28 0·2395 9·9759 4·59
230 54·94 0·2393 9·7381 -13·93 270 64·52 0·2395 9·9815 - 4·35

231 55·18 0·2393 9·7447 -13·69 271 64·76 0·2395 9·9871 4·11
232 55·42 0·2393 9'7513 -13,45 272 65·00 0·2395 9·9927 - 3·87
233 55·65 0·2393 9·7578 I -13,22 273 65·23 0·2395 9·9983 - 3·64
234 55-89 0·2393 9·7643 : -12,98 274 65·47 0·2395 10·0038 - 3·40
235 56·13 0·2393 9·7708 -12'74 275 65·71 0·2395 10·0093 3·16
236 56·37 0·2393 9-7773 -12·50 276 65·95 0·2395 10·0148 - 2·92
237 56·61 0·2393 9·7837 12·26 277 66·19 0·2395 10·0203 2·68
238 56·85 0·2393 9·7901 -12,02 278 66'43 0·2396 10·0258 - 2'44
239 57·09 0·2393 9·7965 -11,78 279 66·67 0·2396 10-0312 2·20
240 57·33 0·2393 9·8028 11·54 280 66·91 0·2396 10·0366 - 1·96
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281 67·15 0·2396 10·0420 1·72 331 79·14 0·2403 10·2910 10·27
282 67·39 0·2396 10·0474 1·48 332 79·38 0·2403 10·2956 10·51
283 67·63 0·2396 10·0528 1·24 333 79·63 0·2403 10·3002 10·76
284 67·87 0·2396 10·0582 1·00 334 79·87 0·2403 10·3048 11·00
285 68·11 0·2396 10·0635 0·76 335 80·11 0·2404 10·3093 11·24
286 68·35 0·2396 10·0688 0·52 336 80·35 0·2404 10·3139 11·48
287 68·59 0·2396 10·0741 0·28 337 80·59 0·2404 10·3184 11·72
288 68·83 0·2396 10-0794 0-04 338 80·83 0-2404 10·3229 11·96

288·16 68·87 0·2396 10-0802 0·0 339 81·07 0·2404 10·3274 12·20
289 69·07 0·2397 10· 0847 + 0·20 340 81·31 0·2405 10·3319 12·44
290 69·31 0·2397 10·0899 0·44

291 69·55 0·2397 10·0951 0·68 341 81·55 0·2405 10·3364 12·68
292 69·79 0·2397 10·1003 0·92 342 81·79 0·2405 10·3409 12·92
293 70·02 0·2397 10·1055 1·15 343 82·03 0·2405 10·3454 13·16
294 70·26 0·2397 10·1107 1·39 344 82·27 0·2405 10·3498 13·40
295 70·50 0·2397 10·1159 1·63 345 82·51 0·2406 10·3542 13·64
296 70·74 0·2398 10·1211 1·87 346 82·75 0·2406 10·3586 13·88
297 70·98 0·2398 10·1262 2·11 347 82·99 0-2406 10·3630 14· 12
298 71·22 0·2398 10·1313 2·35 348 83·23 0·2406 10·3674 14·36
299 71·46 0·2398 10·1364 2·59 349 83·47 0·2406 10·3718 14·60
300 71·70 0·2398 10·1415 2·83 350 83·71 0·2407 10·3761 14·84

301 71·94 0·2398 10·1466 3·07 351 83·95 0·2407 10·3805 15·08
302 72·18 0·2398 10·1516 3·31 352 84·19 0·2407 10·3848 15·32
303 72·42 0·2399 10·1566 3·55 353 84·44 0·2407 10·3981 15·57
304 72·66 0·2399 10·1616 3·79 354 84·68 0·2407 10·3934 15·81
305 72·90 0·2399 10·1666 4·03 355 84·92 0·2408 10·3977 16·05
306 73·14 0·2399 10·1716 4·27 356 85·16 0·2408 10·4020 16·29
307 73·38 0·2399 10·1766 4·51 357 85·40 0·2408 10·4063 16·53
308 73·62 0·2399 10·1815 4·75 358 85·64 0·2408 10·4106 16·77
309 73·86 0·2399 10·1864 4·99 359 85·88 0·2408 10·4148 17·01
310 74·10 0·2400 10·1913 5·23 360 86·12 0·2409 10·4190 17·25

311 74·34 0·2400 10·1962 5·47 361 86·36 0·2409 10·4232 17·49
312 74·58 0·2400 10·2011 5·71 362 86·60 0·2409 10·4274 17·73
313 74·82 0·2400 10·2060 5·95 363 86·85 0·2409 10·4316 17·98
314 75·06 0·2400 10·2108 6·19 364 87·09 0·2410 10·4358 . 18·22
315 75·30 0·2400 10·2156 6·43 365 87·33 0·2410 10·4400 18·46
316 75·54 0·2400 10·2204 6·67 366 87·57 0·2410 10·4442 18·70
317 75·78 0·2401 10·2252 6·91 367 87·81 0·2410 10·4484 18·94
318 76·02 0·2401 10·2300 7·15 368 88·05 0·2411 10·4526 19·18
319 76·26 0·2401 10·2348 7·39 369 88·29 0·2411 10·4567 19·42
320 76·50 0·2401 10·2396 7·63 370 88·53 0·2411 10·4608 19·66

321 76·74 0·2401 10·2444 7·87 371 88·77 0·2411 10·4649 19·90
322 76·98 0·2401 10·2491 8·11 372 89·01 0·2412 10·4690 20·14
323 77·22 0·2402 10·2538 8·35 373 89·26 0·2412 10·4731 20·39
324 77·46 0·2402 10·2585 8·59 374 89·50 0·2412 10·4772 20·63
325 77·70 0·2402 10·2632 8·83 375 89·74 0·2412 10·4813 20·87
326 77·94 0·2402 10·2679 9·07 376 89·98 0·2413 10·4854 21·11
327 78'18 0·2402 10·2726 9'31 377 90·22 0·2413 10·4895 21·35
328 78·42 0·2402 10·2772 9·55 378 90·46 0·2413 10·4936 21·59
329 78·66 0·2403

I
10·2818 9,79 379 90·70 0·2413· 10·4976 21·83

330 78·90 0·2403 10·2864 +10'03 380 90·94 0·2414 10'5016 22·07



TOK H ep Vi H I5 T"K H Vi

381 91·18 0·2414 10·5056 22·31 431 103·28 0·2429 10·6947 34·41
382 91·42 0·2414 10·5096 22·55 432 103·53 0·2430 10·6983 34·66
383 91·67 0·2414 10·5136 22·80 433 103·77 0·2430 10·7019 34·90
384 91·91 0·2415 10·5176 23·04 434 104·02 0·2430 10-7054 35·15
385 92·15 0-2415 10·5216 23·28 435 104·26 0·2431 10·7089 35·39
386 92·39 0·2415 10·5256 23·52 436 104·50 0·2431 10·7125 35·63
387 92·63 0·2415 10·5296 23·76 437 104·75 0·2431 10·7160 35·88
388 92·88 0·2416 10·5335 24·01 438 104·99 0·2432 10·7195 36·12
389 93·12 0·2416 10·5374 24·25 439 105·24 0·2432 10·7230 36·37
390 93·36 0·2416 10·5413 24·49 440 105·48 0·2432 10·7265 36·61

391 93·60 0·2416 10-5452 24·73 441 105·72 0·2433 10·7300 36·85
392 93·84 0·2417 10·5491 24-97 442 105·97 0·2433 10·7335 37·10
393 94·09 0·2417 10·5530 25·22 443 106·21 0·2433 10·7370 37·34
394 94·33 0·2417 10·5569 25·46 444 106·46 0·2434 10·7405 37·59
395 94'57 0·2417 10·5608 25·70 445 106·70 0·2434 10·7439 37·83
396 94·81 0·2418 10·5647 25·94 446 106·94 0·2435 10·7474 38·07
397 95·05 0·2418 10·5686 26·18 447 107·19 0·2435 10·7509 38·32
398 95·29 0·2418 10·5725 26·42 448 107·43 0·2435 10·7544 38·56
399 95·53 0·2419 10·5763 26·66 449 107·68 0·2436 10·7578 38·81
400 95·77 0·2419 10·5801 26·90 450 107·92 0·2436 10·7612 39·05

401 96-01 0·2419 10·5839 27·14 451 108·16 0·2436 10·7647 39·29
402 96·25 0,2420 10·5877 27·38 452 108·41 0·2437 10·7681 39·54
403 96·50 0·2420 10·5915 27·63 453 108·65 0·2437 10·7715 39·78
404 96·74 0·2420 10·5953 27·87 454 108·90 0·2438 10'7749 40·03
405 96·98 0·2421 10·5991 28·11 455 109·14 0·2438 10·7783 40·27
406 97·22 0·2421 10·6029 28·35 456 109·38 o 2438 10·7817 40·51
407 97·46 0·2421 10·6067 28·59 457 109·63 0·2439 10·7851 40·76
408 97·71 0·2422 10·6105 28·84 458 109·87 0·2439 10·7885 41·00
409 97·95 0·2422 10·6142 29·08 459 110·12 0·2440 10·7919 41·25
410 98·19 0·2422 10·6179 29·32 460 110·36 0·2440 10·7952 41·49

411 98·43 0·2423 10·6217 29·56 461 110·60 0·2440 10·7986 41·73
412 98·68 0·2423 10·6254 29·81 462 110·85 0·2441 10·8020 41·98
413 98·92 0·2423 10·6291 30·05 463 111·09 0·2441 10·8053 42·22
414 99·17 0·2424 10·6328 30·30 464 111·34 0·2442 10·8086 42·47
415 99·41 0·2424 10·6365 30·54 465 111·58 0·2442 10·8119 42·71
416 99·65 0·2424 10·6402 30·78 466 111·82 0·2442 10·8152 42·95
417 99·89 0·2425 10·6439 31·02 467 112·07 0-2443 10·8185 43·20
418 100·14 0·2425 10·6476 31·27 468 1I2-3t 0·2443 10·8218 43·44
419 100·38 0·2425 10·6513 31·51 469 112·56 0-2444 10·8251 43·69
420 100·62 0·2426 10·6549 31·75 470 112·80 0·2444 10·8284 43·93

421 100·86 0·2426 10·6586 31·99. 471 113·04 0·2444 10·8317 44·17
422 101·10 0·2426 10·6623 32·23 472 113·29 0·2445 10·8350 44·42
423 101·35 0·2427 10·6659 32·48 473 113·53 0·2445 10·8383 44·66
424 101·59 0·2427 10·6695 32·72 474 113·78 0·2446 10·8416 44·91
425 101·83 0·2427 10·6731 32·96 475 114·02 0·2446 10·8448 45·15
426 102·07 0·2428 10·6767 33·20 476 114·26 0·2446 10·8481 45-39
427 102·31 0·2428 10·6803 33·44 477 114·51 0·2447 10·8514 45·64
428 102·56 0·2428 10·6839 33·69 478 114·75 0·2447 10·8547 45·88
429 102·80 0·2429 10·6875 33·93 479 115·00 0·2448 10·8579 46·13
430 103·04 0·2429 10·6911 34'17 480 115·24 0·2448 10·8611 46·37
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481 115·48 0·2449 10·8644 46·61 531 127·79 0·2473 11 0186 58·92
482 115·73 0·2449 10·8676 46·86 532 128·04 0·2474 11·0216 59·17
483 115·97 0·2450 10·8708 47'10 533 128·28 0·2474 11·0245 59·41
484 0·2450 10·8740 47·35 534 128·53 0·2475 11·0274 59·66
485 46 0·2451 10·8772 47·59 535 128·78 0·2475 11·0303 59·91
486 116·71 0·2451 10·8804 47·84 536 129·03 0·2476 11·0333 60·16
487 116·95 0·2451 10·8836 48·08 537 129·28 0·2476 11·0362 60·41
488 117·20 0·2452 10·8868 48·33 538 129·52 0·2477 11·0391 60·65
489 117·44 0·2452 10·8900 48·57 539 129·77 0·2477 1l·0420 60·90
490 117·69 0·2453 10·8931 48·82 540 130·02 0·2478 11·0449 61·15

491 117·94 0·2453 10·8963 49·07 541 130·27 0·2479 11·0478 61·40
492 118·18 0·2454 10·8995 49·31 542 130·52 0·2479 11·0507 61·65
493 118·43 0·2454 10·9027 49·56 543 130·76 0·2480 11·0536 61·89
494 118·67 0·2455 10·9058 49·80 544 131·01 0·2480 11·0565 62·14
495 118·92 0·2455 10·9089 50·05 545 131·26 0·2481 11·0594 62·39
496 119·16 0·2456 10·9121 50·29 546 131·51 0·2481 1l·0623 62·64
497 119·41 0·2456 10·9152 50·54 547 131·76 0·2482 11·0652 62·89
498 119·65 0·2457 10·9183 50·78 548 132·00 0·2482 11· 0681

I

63·13
499 119·90 0·2457 10·9214 51·03 549 132·25 0·2483 11·0710 63·38
500 120·14 0·2458 10·9245 51·27 550 132·50 0·2483 11·0738 63·63

501 120·39 0·2458 10·9276 51·52 551 132·75 0·2484 11·0767
I

63·88
502 120·63 0·2459 10·9307 51·76 552 133·00 0·2484 11·0796 64-13
503 120·88 0·2459 10·9338 52·01 553 133·24 0·2485 11·0824

I
64·37

504 121·12
I

0·2460 10·9369 52·25 554 133·49 0·2485 11·0852 64·62
505 121·37 0·2460 10·9400 52·50 555 133·74 0·2486 11·0880 64·87
506 121·62 0·2461 10·9431 52·75 556 133·99 0·2486 11·0909 65·12
507 121·86 0·2461 10·9462 52·99 557 134·24 0·2487 11·0937 65·37
508 122·11 0·2462 10·9493 53·24 558 134·49 0·2487 11·0965 65·62
509 122·35 0·2462 10·9524 53·48 559 134·74 0·2488 11·0993 65·87
510 122·60 0·2463 10·9554 53·73 560 134·99 0·2488 11·1021 66·12

511 122·85 0·2463 10·9585 53·98 561 135·24 0·2489 11·1049 66·37
512 123·09 0·2464 10·9616 54·22 562 135·49 0·2490 11·1077 66·62
513 123·34 0·2464 10·9646 54·47 563 135·73 . 0·2490 11·1105 66·86
514 123·58 0·2465 10·9676 54·71 564 135·98 0·2491 11·1133 67·11
515 123·83 0·2465 10·9706 54·96 565 136·23 0·2491 11·1161 67·36
516 124·08 0·2466 10·9737 55·21 566 136·48 0·2492 11·1189 67·61
517 124·33 0·2466 10·9767 55·46 567 136·73 0·2492 11·1217 67·86
518 124·57 0·2467 10·9797 55·70 568 136·97 0·2493 11·1245 68·10
519 124·82 0·2467 10·9827 55·95 569 137·22 0·2493 11·1273 68·35
520 125·07 0·2468 10·9857 56·20 570 137·47 0·2494 11·1300 68·60

I

521 125·32 0·2468 -10'9887 56·45 571 137·72 0·2495 11·1328 68·85
522 125·57 0·2469 10·9917 56·70 572 137·97 0·2495 11·1356 69·10
523 125·81 0·2469 10·9947 56·94 573 138·22 0·2496 11·1384 69·35
524 126·06 0·2470 10·9971' 57·19 574 138·47 0·2496 11·1411 69·60
525 126·31 0·2470 11·0007 57·44 575 138·72 0·2497 11·1438 69·85
526 126·56 0·2471 11·0037 57·69 576 138·97 0·2497 11,1466 70·10
527 126·80 0·2471 n·0067 57·93 577 139·22 0'2498 11·1494 70·35
528 127·05 0·2472 11·0097 58·18 578 139·47 0·2498 11·1521 70·60
529 127·29 0·2472 11·0127 58·42 579 139·72 0·2499 11·1548 70·85
530 127·54 0·2473 11·0156 58·67 580 139·97 0·2499 11·1575 71·10
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581 140·22 0·2500 11·1603 71·35 631 152·78 0·2527 11·2917 83·91
582 140·47 0·2500 11·1630 71·60 632 153·03 0·2528 1l·2943 84·16
583 140·72 0·2501 11·1657 71·85 633 153·29 0·2528 11·2968 84·42
584 140·97 0·2501 11-1684 72·10 634 153·54 0·2529 11·2993 84·67
585 141·22 0-2502 11·1711 72·35 635 153·79 0·2529 11·3018 84·92
586

i
141·47 0·2502 11·1738 72·60 636 154·04 0·2530

I

11-3044 85·17
S87 i 141·72 0·2503 i 11·1765 72·85 637

I

154·30 0·2531 11·3069 85·43
588 141·98 0·2504 11'1792 73·11 638 154·55 0·2531 11·3094 85·68
589 142·23 0·2504 11· 1819 73·36 639 154·81 0·2532 11·3119 85·94
590 142·48 0·2505 11· 1846 73·61 640 155·06 0·2532 11·3144 86·19

591 142·73 0·2505 11·1873 73·86 641 155·31 0·2533 11·3169 86·44
592 142·98

I
0·2506 11·1900 74·11 642 155·57 0·2534 11·3194 86·70

593 143·23 0·2506 11·1927 74·36 643 155·82 0·2534 11·3219 86·95
594 143·48 0·2507 11·1954 74·61 644 156·08 0·2535 11·3244 87·21
5P5 143·73 0·2507 11·1980 74·86 645 156·33 0·2535 11·3269 87·46
596 143·98 0·2508 11·2007 75·11 646 156·58 0·2536 11·3294 87·71
597 144·23 0·2508 n·2034 75·36 647 156·84 0·2536 11·3319 87·97
598 144·48 0·2509 11·2061 75·61 648 157·09 0·2537 11·3344 88·22
599 144·73 0·2510 11·2087 75·86 649 157·35 0·2537 11·3369 88·48
600 144·98 0·2510 11·2113 76·11 650 157·60 0·2538 11·3393 88·73

601 145·23 0·2sil
I

11·2140 76·36 651 157·85 0·2539 11·3418 88·98
602 145·48 0·2511 11'2167 76·61 652 158·11 0·2539 11·3443 89·24
603 145·74 0·2512 I 11·2193 76·87 653 158·36 0·2540 11·3468 89·49
604 14,5·99 0·2512 11·2219 77·12 654 158·62 0·2,540 11·3492 89·75
605 146·24 0·2513 11·2245 77·37 655 158·87 0·2541 11·3516 90·00
606 146·49 0·2513 11 -2272 77-62 656 159·12 0·2541 11·3541 90·2,5
607 146·74 0·2514 11·2298 77·87 657 159·38 0·2542 11·3566 90·51
608 147·00 0·2514 11·2324 78·13 658 159·63 .0·2542 11·3590 90·76
609 147·25 0·2515 11·2350 78·38 659 159·89 0·2543 11·3614 91·02
610 147·50 0·2515 11·2376 78·63 660 I 160·14 0·2544 11·3638 91·27

611 147·75 0·2516 11·2402 78·88 661 ! 160·39 0·2544 11·3663 91·52
612 148·00 0·2517 11·2428 79·13 662 160·65 0·2545 11 <)688 91·78
613 148·26 0·2517 11·2454 79·39 663 160·90 0·2545 11· 3712 92·03
614 148·51 0·2518 11·2480 79·64 664 161· 16 0·2546 11·3736 92·29
615 148·76 0·2518 11·2506 79·89 665 161· 41 0·2546 11·3760 92·54
616 149·01 0·2519 11·2532 80·14 666 161·67 0·2547 11·3785 92·80
617 149·26 0·2519 11·2558 80·39 I 667 161·92 0·2547 11·3809 93·05
618 149·51 0·2520 11·2584 80·64 668 162·18 0·2548 11·3833 93·31
619 ! 149·76 0·2520 11·2610 80·89 669 162·43 0·2549 11·3857 93·56
620 ! 150·01 0·2521 11'2635 81·14 670 162·69 0·2549 11·3881 93·82

621 150·26 0·2522 11·2661 81·39 671 162·95 0·2550 11·3905 94·08
622 150·51 0·2522 11·2687 81·64 672 163·20 0·2550 11·3929 94·3~i
623 150·77 0·2523 11·2713 81·90 673 163,46 0·2551 11-3953 94·59
624 151·02 0·2523 11·2738 82·15 674 163·71 0·2552 11·3977 94·84
625 151·27 0·2524 11·2763 82·40 675 163·97 0·2552 11·4001 95·10
626 151·52 0·2524 11·2789 82·65 676 164·22 0·2553 11·4025 95·35
627 151·77 0·2525 11·2815 82·90 677 164·48 0·25,53 n· 4049 95·61
628 152-03 0·2526 11· 2841 83·16 678 164·73 0·2554 11·4073 95·86
629 152·28 0·2526 11·2866 83·41 679 164·99 0·2554 11·4097 96·12
630 152·53 0·2,527 11·2891 83·GG 680 165·24 0·2555 11·4120 96·37

w __~_ _ .._---
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681 165-50 0·2556 11· 4144 96·63 731 178·35 0-2585 11·5298 109·48
682 165-75 0·2556 11· 4168 96·88 732 178·61 0·2585 11·5321 109·74
683 166·01 0·2557 11·4192 97'.14 733 178·86 0·2586 11·5343 109·99
684 166·26 0·2558 11·4216 97·39 734 179·12 0·2586 11·5365 110·25
685 166·52 0·2,558 11·4239 97·65 735 179·38 0·2587 11·5387 110·51
686 166·78 0·2559 11·4263 97·91 736 179·64 0·2587 11· 5410 110·77
687 167·03 0·2559 11·4287 98·16 737 179·90 0·2588 11·5433 111·03
688 167·29 0·2560 11·4311 98·42 738 180 ·15 0·2589 11·5455 111·28
689 167·54 0·2560 11'4334 98·67 739 180·41 0·2589 11-5477 111· 54
690 167·80 0·2561 ' 11·4357 98·93 740 180·67 0·2590 11·5499 111·80

i

691 168·06 0·2562 11·4381 99·19 741 180·93 0·2590 11·5522 112·06
692 168·31 0·2562 11·4405 99·44 742 181·19 0·2591 11·5544 112·32
693 168·57 0·2563 11·4428 99·70 743 181·45 0·2591 11· 5566 112·58
694 168·82 0·2563 11·4451 99·95 744 181· 71 0·2592 11·5588 112·84
695 169·08 0·2564 11·4474 100·21 745 181·97 0·2592 11·5610 113·10
696 169·34 I 0·2564 11·4498 100·47 746 182·23 0·2593 11·5632 113·36
697 169·59 0·2565 11·4522 100·72 747 182·49 0·2594 11·5654 113·62
698 169·85 0·2565 11·4545 100·98 748 182·75 0·2594 11·5676 113·88
699 170·10 0·2566 11·4568. 101·23 749 183·01 0-2595 H·569S

i
114·14

700 170·36 0·2567 11·4591 101·49 750 183·27 0·2595 11·5720 114 40

701 170·62 0·2567 11·4615 101·75 751 183·53 0·2596 I 11· 5742 114·66
702 170·88 0·2568 11·4638 102·01 752 183·79 0·2597 11·5764 114·92
703 171·13 0·2568 11·4661 102·26 753 184·05 0·2597 11'5786 115·18
704 171·39 0·2569 : 11·4684 102·52 754 184·31 0·2598 11·5808 115·44
705 . 171·65 0·2570 11·4707 102·78 755 184·57 0·2598 11·5829 115·70
706 171·91 0·2570 11·4730 103·04 756 184·83 0·2599 11· 5851 115·96
707 172·16 0·2571 11·4753 103·29

i
757 I 185·09 0·2599 11-5873 116·22

708 172·42 0·2571 11·4776 103·55

Ii

758 185·35 0·2600 11·5895 116·48
709 172-67 0·2572 11·4799 103·80 759 185·61 0·2600 11· 5916 116·74
710 172·93 0·2572 11·4822 104·06 760 185·87 0·2601 11·5937 117·00

711 173·19 0·2573 11·4855 104·32 i 761 186·13 0·2602 11·5959 117·26
712 173·45 0·2574 11·4878 104·58 762 186·39 0·2602 11· 5981 117 ·52
713 173·70 0·2574 11·4901 104·83 763 186·65 o 2603 11·6003 117·78
714 173·96 0·2575 11·4924 105·09 764 186·91 0·2603 11·6024 118·04
715 174·22 0·2575 11·4936 105·35 765 187 ·17 0·2604 11·6045 118·30
716 174·48 0·2576 11·4959 105·61 766 187·43 0·2605 11·6067 118·56
717 174·74 0·2576 11·4982 105·87 767 187·69 0·2605 11·6089 118·82
718 174·99 0·2577 11·5005 106·12 768 187·95 0·2606 11·6111 119·08
719 175·25 0·2578 11·5028 106·38 769 188·21 0·2606 11· 6132 119·34
720 I 175·51 0·2578 11·5050 106·64 770 188·47 0·2607 11· 6153 119·60

I
I

721 175·77 0·2579 11·5073 106·90 771 188·73 0·2607 11·6175 , 119·86
722 176·03 0·2580 11·5096 107·16 772 188·99 0·2608 11·6197 120-12
723 176·28 0·2580 11·5119 i 107·41 773 189·26 0·2609 11·6218 120·39
724 176·54 0·2581 11·5141 107·67 774 189·52 0·2609 11·6239 120·65
725 176·80 0·2581 11·5163 107·93 775 189·78 0·2610 11 ·6260 120·91
726 177-06 0·2582 I 11·5186 108·19 776 190·04 0·2610 11·6282 121·17
727 177·32 0·2582 11·5209 108·45 777 190·30 0·2611 11·6304 121-43
728 177·57 0·2583 11·5231 108·70 778 190· 56 0·2611 11·6325 121·69
729 177·83 0·2583 11·5253 108·96 779 190·82 0·2612 11·6346 121·95
730 178·09 0·2584 11·5275 109·22 780 191·08 0·2612 11·6367 122·21

47
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T°l( H ! c T°l{ Hl' tp tp

781 191-34 0·2613 11·6389 122·47 831 204·48 0·2641 11·7421 135·61
782 191-60 0·2614 11·6410 122·73 832 204·75 0·2641 11·7441 135·88
783 191·87 0·2614 11·6431 123·00 833 205·01 0·2642 11·7461 136·14
784 192·13 0·2615 11·6452 123·26 834 205·28 0·2642 11'7481 136·41
785 192·39 0·2615 11·6473 123·52 835 205·54 0·2643 11·7501 136·67
786 192·65 0·2616 11·6494 123·78 836 205·80 0·2643 11 7521 136·93
787 192·91 0·2616 11·6515 124·04 837 206·07 0·2644 11·7541 137·20
788 193· 18 0·2617 11·6536 124·31 838 206·33 0·2645 11·7561 137·46
789 193·44 0·2617 11·6557 124·57 839 206·60 0·2645 11·7581 137·73
790 193·70 0·2618 11·6578 124·83 840 206·86 0·2646 11·7601 137·99

791 193·96 0·2619 11·6599 125·09 841 207·12 0·2646 11·7621 138·25
792 194·22 0·2619 11·6620 125·35 842 207·39 0·2647 11·7641 138·52
793 194·49 0·2620 11·6641 125·62 843 207·65 0·2647 11·7661 138·78
794 194·75 0·2620 11·6662 125·88 844 207·92 0·2648 11·7681 139·05
795 195·01 0·2621 11·6682 126-14 845 208·18 0·2648 11·7700 139·31
796 195·27 0·2622 11·6703 126·40 846 208·45 0·2649 11·7720 139·58
797 195·53 0·2622 11·6724 126·66 847 208·71 0·2649 11·7740 139·84
798 195·80 0·2623 11·6745 126·93 848 208·98 0·2650 11·7760 140·11
799 196·06 0·2623 11·6766 127·19 849 209·24 0·2650 11·7780 140·37
BOO 196·32 0·2624 11·6786 127,45 850 209·51 0·2651 11·7799 140·64

801 196·58 0·2624 11·6807 127·71 851 209·77 0·2651 11·7819 140·90
802 196,84 o 2625 11·6828 127·97 852 210·04 0·2652 11·7839 141·17
803 197 ·11 0·2625 11·6849 128·24 853 210·30 0·2652 11·7859 141·43
804 197·37 0·2626 11·6870 128·50 854 210·57 0·2653 11·7879 141·70
805 197·63 0·2626 11 ,6890 128·76 855 210·83 0·2653 11·7898 141·96
806 197·89 0·2627 11-6911 129·02 856 211·10 0·2654 11·7918 142·23
807 198·16 0·2628 11·6932 129·29 857 211·36 0·2654 11·7938 142·49
808 198·42 0·2628 11·6953 129·55 858 211·63 0·2655 11·7958 142·76
809 198,69 0·2629 11·6973 129·82 859 211·89 0·2655 11·7977 142·92
810 198·95 0·2629 11·6993 130·08 860 212·16 0·2656 11'7996 143·29

811 199·21 0·2630 11-7014 130·34 861 212·43 0·2656 11·8016 143·56.
812 199·48 0·2630 11·7035 130·61 862 212·69 0·2657 11·8036 143·82
813 199·74 0·2631 11·7056 130·87 863 212·96 0·2658 11·8056 144·09
814 200·01 0·2631 11'7076 131·14 864 213·22 0·2658 11·8075 144·35
815 200·27 0·2632 11·7096 131·40 865 213·49 0·2659 11·8094 144·62
816 200·53 0·2632 11 7117 131·66 866 213·76 0·2659 11·8114 144·89
817 200·79 0·2633 11·7138 131·92 867 214·02 0·2660 11·8134 145·15
818 201·06 0·2634 11·7158 132·19 868 214·29 0·2660 11·8153 145·42
819 201·32 0·2634 11·7178 132·45 869 214·55 0·2661 11·8172 145·68
820 201·58 0·2635 11-7198 132·71 870 214·82 0·2661 11·8191 145·95

821 201·84 0·2635 11·7219 132-97 871 215'09 0·2662 11·8211 146-22
822 202·11 0·2636 11·7239 133·24 872 215·35 0·2662 11·8230 146·48
823 202·37 0·2636 11·7259 133·50 873 215·62 0·2663 11·8249 146·75
824 202·64 0·2637 11·7279 133·77 874 215·88 0·2663 11·8268 147·01
825 202·90 0·2638 11·7299 134·03 875 216·15 0·2664 11·8287 147·28
826 203·16 0·2638 11·7320 134·29 876 216·42 0·2664 11·8307 147·55
827 203·43 0·2639 11-7340 134·56 877 216·68 0·2665 11·8326 147 ·81
828 203·69 0·2639 11·7360 134·82 878 216·95 0·2665 11·8345 148·08
829 203·96 0·2640 11'7380 135·09 879 217·21 0·2666 11·8364 148·34
830 204·22 0·2640 11·7400 135·35 880 217·48 0·2666 11·8383 148·61
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I-continued

rK H C,p lp TOK H lp

881 217·75 0·2667 11·8403 148·88 931 231·15 0·2692 11·9340 162·28
882 218·02 0·2668 11·8422 149·15 932 231·42 0·2693 11·9359 162·55
883 218·28 0·2668 11·8441 149·41 933 231·69 0·2693 11·9377 162·82
884 218·55 0·2669 11·8460 149·68 934 231·96 0·2694 11·9395 163·09
885

:
218·82 0·2669 11·8479 149·95 935 232·23 0·2694 11·9413 163·36

886 219·09 0·2670
I

11·8498 150·22 936 232·50 0·2695 11·9432 163·63
887 219·36 0·2670 11·8517 150·49 937 232·77 0·2695 11·9450 163·90
888 219·62 0·2671 11·8536 150·7,5 938 233·03 0·2696 11·9468 164 ·16
889 219·89 0·2671 11·8555 151·02 939 233·30 0·2696 11·9486 164·43
890 220·16 0·2672 11·8574 151·29 940 233·57 0·2697 11·9504 164·70

891 220·43 0·2672 11·8593 151· 56 941 233·84 0·2697 11·9523 164·97
892 220·69 0·2673 11·8612 151·82 942 234·11 0·2698 11·9541 165·24
893 220·96 0·2673 11·8631 152·09 943 234·38 {)'2698 11·9559 165·51
894 221·22 0·2674 11·8650 152·35 944 234·H5 0·2699 11·9577 165·78
895 221·49 0·2674 11·8669 152·62 945 234·92 0·2699 11·9595 166·05
896 221·76 0·2675 11·8688 152·89 946 235·19 0·2700 11·9613 166·32
897 222·03 0·2675 11·8707 153·16 947 235·46 0·2700

I

11· 9631 166·59
898 222·29 0·2676 11·8726 153·42 948 235·73 0·2700 11·9649 166·86
899 222·56 0·2676 11·8745 153·69 949

I
236·00 0·2701 11·9667 167·13

900 222·83 0·2677 11·8764 153·96 950 236·27 0·2701 11·9385
i

167·40

901 223·10 0·2677 11·8783 154·23 951 236·54 0·2702 11·9703 167·67
902 223·37 0·2678 11·8802 154·50 952 236·81 0·2702 11·9721 167·94
903 223·63 0·2678 11·8821 154·76 953 237·08 0·2703 11·9739 168·21
904 223·90 0·2679 11·8840 155·03 954 237·35 0·2703 11·9757 168·48
905 224·17 0·2679 11·8858 155·30 955 237·62 0·2704 11·9775 168·75
906 224·44 0·2680 11·8877 155·57 956 237·89 0·2704 11·9793 169·02
907 224·71 0·2680 11·8896 155·84 957 238·16 0·2705 11·9811 169·29
908 224·97 0·2681 11·8915 156·10 958 238·43 0·2705 11·9829 169·56
909 225·24 0·2681 11·8934 156·37 959 238·70 0·2706 11·9847 169·83
910 225·51 0·2682 I 11·8952 156·64 960 238·97 0·2706 11·9864 170·10

I I
9n 225·78 0·2682 11·8971 156·91 961 239·24 0·2707 11·9882 170·37
912 226·05 0·2683 11·8990 157·18 962 239·51 0·2707 11·9900 170·64
913 226·31 0·2683 11·9009 157·44 963 239·79 0·2708 11·9918 170·92
914 226·58 0·2684 11·9027 157·71 964 240·06 0·2708 11 ·9936 171·19
915 226·85 0·2684 11 ·9045 157·98 965 240·33 0·2709 11 ·9953 171·46
916 227·12 0·2685 11 ·9064 158·25 966 240·60 0·2709 11·9971 171·73
917 227·39 0·2685 11·9083 158·52 967 240·87 0·2710 11·9989 172·00
918 227·65 0·2686 11·9101 158·78 968 241·14 0·2710 12·0007 172·27
919 227·92 0·2686 11 ·9119 159·05 969 241·41 0·2710 12·0025 172·54
920 228·19 0·2687 11·9137 159·32

I,

970 241·68 0·2711 12·0042 172·81

921 228·46 0·2687 11·9156 159·59 971 241·95 0·2711 12·0060 173·08
922 228·73 0·2688 11·9175 159·86 972 242·22 0·2712 12·0078 173·35
923 228·99 0·2688 11·9193 160·12 i 973 242·50 0·2712 12·0096 173·63
924 229·26 0·2689 1l·921l 160·39 974 242·77 0·2713 12·0113 173·90
925 229·53 0·2689 11·9229 160<66 975 243·04 0·2713 12·0130 174·17
926 I 229·80 0·2690 11·9248 160·93 976 243·31 0·2714 12·0148 174·44
927 230·07 0·2690 11·9267 161· 20 977 243·58 0·2714 12·0166 174·71
928 230·34 0·2691 11·9285 161·47 978 243·86 0·2715 12·0184 174·99
929 230·61 0·2691 11·9303 161·74 979 244·13 0·2715 12·0201 175·26
930 230:88 0·2692 11· 9321 162·01 980 244·40 0·271G

I
12·0218 175·.53

I



yaK H Ccp 'P T"K H 'P

981 244·67 0·2716 12-0236 175·80 1031 258·31 0·2739 12·1095 189·44
982 244·94 0·2717 12·0254 176·07 1032 258·59 0·2740 12·1112 189·72
983 245·22 0·2717 12·0271 176·35 1033 258·86 0·2740 12·1129 189·99
984 245·49 0·2718 12·0288 176·62 1034 259·14 0·2740 12·1146 190·27
985 245·76 0·2718 12·0305 176·89 1035 259·41 0·2741 12·1162 190·54
986 246·03 0·2719 12·0323 177 ·16 1036 259·68 0·2741 12·1179 190·81
987 246·30 0·2719 12·0341 177·43 1037 259·96 0·2742 12·1196 191·09
988 246·58 0·2720 12·0358 177·71 1038 260·23 0·2742 12·1213 191·36
989 246·85 0·2720 12·0375 177·98 1039 260·51 0·2743 12·1230 191·64
990 247 ·12 0·2720 12·0392 178·25 1040 260·78 0·2743 12,1246 191·91

991 247·39 0·2721 12·0410 178·52 1041 261·05 0·2744 12·1263 192·18
992 247·66 0·2721 12·0428 178·79 1042 261·33 0·2744 12·1280 192·46
993 247·94 0·2722 12·0445 179·07 1043 261·60 0·2745 12·1297 192·73
994 248·21 0·2722 12·0462 179·34 261·88 0·2745 12·1313 193·01
995 248·48 0·2723 12·0479 179·61 1045 262·15 0·2745 12·1329 193·28
996 248·75 0·2723 12·0497 179·88 1046 262·43 0·2746 12·1346 193·56
997 249·02 0·2724 12·0515 180·15 1047 262·70 0·2746 12·1363 193·83
998 249·30 0·2724 12·0532 180·43 1048 262·98 o 2747 12·1380 194·11
999 249·57 0·2725 12·0549 180·70 1049 263·25 0·2747 12·1396 194·38

1000 249·84 0·2725 12·0566 180·97 1050 263·53 0·2748 12·1412 194·66

1001 250·11 0·2725 12·0584 181·24 1051 263·80 0·2478 12·1429 194·93
1002 250·39 0·2726 12·0601 181·52 1052 264·08 0·2748 12 ·1446 195·21
1003 250·66 0·2726 12·0618 181·79 1053 264·35 0·2749 12 ·1463 195·48
1004 250·94 0·2727 12·0635 182·07 1054 264·63 0·2749 12·1479 195·76
1005 251·21 0·2727 12·0652 182·34 1055 264·90 0·2750 12 ·1495 196·03
1006 251·48 0·2728 12·0670 182·61 1056 265·18 0·2750 12·1512 196·31
1007 251·75 0·2728 12·0687 182·88 1057 265·45 0·2751 12·1529 196·58
1008 252·03 0·2729 12·0704 183·16 1058 265·73 0·2751 12·1545 196·86
1009 252·30 0·2729 12·0721 183·43 1059 266·00 0·2751 12·1561 197 ·13
1010 252·57 0·2730 12·0738 183·70 1060 266·28 0·2752 12·1577 197·41

1011 252·84 0·2730 12·0756 183·97 1061 266·55 0·2752 12·1594 197·68
1012 253·11 0·2730 12·0773 184·24 1062 266·83 0·2753 12·1611 197·96
1013 253·39 0·2731 12·0790 184·52 1063 267·10 0·2753 12·1627 198·23
1014 253·66 0·2731 12·0807 184·79 1064 267·38 0·2754 12·1643 198·51
1015 253·93 0·2732 12·0824 185·06 1065 267·65 0·2754 12 ·1659 198·78
1016 254·20 0·2732 12·0841 185·33 1066 267·93 0·2755 12·1676 199·06
1017 254·48 0·2733 12·0858 185·61 1067 268·20 0·2755 12 ·1693 199·33
1018 254·75 0·2733 12·0875 185·88 1068 268·48 0·2755 12·1709 199·61
1019 255·03 0·2734 12·0892 186· 16 1069 268·75 0·2756 12·1725 199·88
1020 255·30 0·2734 12·0909 186·43 1070 269,03 0·2756 12·1741 200·16

1021 255·57 0·2735 12·0926 186·70 1071 269·31 0·2757 12·1758 200·44
1022 255·85 0·2735 12·0943 186·98 1072 269·58 0·2757 12·1775 200·71
1023 256·12 0·2735 12·0960 187·25 1073 269·86 0·2757 12·1791 200·99
1024 256·40 0·2736 12·0977 187·53 . 1074 270·13 0·2758 12·1807 201·26
1025 256·67 0·2736 12·0994 187·80 1075 270·41 0·2758 12'1823 201·54
1026 256·94 0·2737 12·1011 188·07 1076 270·69 0·2759 12·1840 201·82
1027 257·22 0·2737 12·1028 188·35 1077 270·96 0 12·1856 202·09
1028 257·49 0·2738 12·1045 188·62 1078 271·24 O· 12·1872 202·37
1029 257'77 0·2738 12·1062 188·90 1079 271·51 0·2760 12·1888 202·64
1030 258·04 0·2739 12·1078 189·17 1080 271·79 0·2760 12·1904 202·92
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TOK H lp TOK H C" lp

1081 272·07 0·2761 12·1921 203·20 1131 285·92 0·2781 12·2714 217·05
1082 272·34 0·2761 12·1937 203·47 1132 286·20 0·2781 12·2730 217·35
1083 272·62 0·2762 12·1953 203·75 1133 286·47 0·2782 12·2746 217·60
1084 272·89 0·2762 12·1969 204·02 1134 286·75 0,2782 12·2761 217·88
1085 273·17 0·2763 12·1985 204·30 1135 287·03 0·2782 12·2776 218·16
1086 273·45 0·2763 12·2001 204·58 1136 287·31 0·2783 12·2792 218·44
1087 273·72 0·2763 12·2017 204·85 1137 287·59 0·2783 12·2808 218·72
1088 274·00 0·2764 12·2033 205·13 1138 287·86 0·2783 12·2823 218·99
1089 274·27 0·2764 12·2049 205·40 1139 288·14 0·2784 12·2838 219·27
1090 274·55 0·2765 12·2065 205·68 1140 288·42 0·2784 12·2853 219·55

1091 274·83 0·2765 12·2081 205·96 1141 288·70 0·2785 12·2869 219·83
1092 275·10 0·2765 12·2097 206·23 1142 288·98 0·2785 12·2885 220·11
1093 275·38 0·2766 12·2113 . 208·51 1143 289·26 0·2785 12·2900 220·39
1094 275·65 0·2766 12·2129 206·78 1144 289·54 0·2786 12·2915 220·67
1095 275·93 0·2767 12·2145 207·06 1145 289·82 0·2786 12·2930 220·95
1096 276·21 0·2767 12·2161 207·34 1146 290·10 0·2787 12·2946 221·23
1097 276·49 0·2768 12·2177 207·62 1147 290·38 0·2287 12·2962 221·51
1098 276·76 0·2768 12·2193 207·89 1148 290·65 0·2787 12·2977 221·78
1099 277·04 0·2668 12·2209 208·17 1149 290·93 0·2788 12·2992 222·06
1100 277·32 0·2769 12·2225 208·45 1150 291· 21 0·2788 12·3007 222·34

1101 277·60 0·2769 12·2241 208·73 1151 291·49 0·2789 12·3023 222·62
1102 277·87 0·2770 12·2257 209·00 1152 291·77 0·2789 12·3039 222·90
1103 278·15 0·2770 12·2273 209·28 1153 292·05 0·2789 12·3054 223·18
1104 278·42 0·2770 12·2289 209·55 1154 292·33 0·2790 12·3069 223·46
1105 278·70 0·2771 12·2305 209·83 1155 292·61 . 0·2790 12·3084 223·74
H06 278·98 0·2771 12;2321 210·11 1156 292·89 0·2790 12·3100 224·02
1107 279·26 0·2772 12·2337 210·39 1157 293·17 0·2791 12·3116 224·30
1108 279·53 0·2772 12·2353 210·66 1158 293·44 0·2791 12·3131 224·57
1109 279·81 0·2772 12-2369 210·94 1159 293·72 0·2791 12·3146 224·85
1UO 280·09 0·2773 12·2384 211·22 1160 294·00 0·2792 12·3161 225·13

1111 280·37 0·2773 12·2400 211·50 1161 294·28 0·2792 12·3177 225·41
1112 280·65 0·2774 12·2416 211·78 1162 294·56 0·2793 12·3192 225·69
1113 280·92 0·2774 12·2432 212·05 1163 294·83 0·2793 12·3207 225·96
1114 281·20 0·2774 12·2448 212·33 1164 295·11 0·2793 12·3222 226·24
1115 281·48 0·2775 12·2463 212·61 1165 295·39 0·2794 12·3237 226·52
1116 281·76 0·2775 12·2479 212·89 1166 295·67 0·2794 12·3253 226·70
1117 282·03 0·2776 12· 213·16 1167 295·95 0·2794 12·3268 227·08
1118 282·31 0·2776 12·251 213·44 1168 296·23 0·2795 12·3283 227·36
1119 282·58 0·2776 12·2527 213·71 1169 296·51 0·2795 12·3298 227·64
1120 282·86 0·2777 12·2542 213·99 1170 296·79 0·2795 12·3313 227·92

1121 283·14 0·2777 12·2558 214·27 1171 297·07 0·2796 12·3329 228·20
1122 283·42 0·2778 12·2574 214·55 1172 297·35 0·2796 12·3344 228·48
1123 283·69 0·2778 12·2590 214·82 1173 297·63 0·2797 12·3'359 228·76
1124 283·97 0·2778 12·2605 215 ·10 1174 297·91 0·2797 12·3374 229·04
1125 284·25 0·2779 12·2620 215·38 1175 298·19 0.2797 12·3389 229·32
1126 284·53 0·2779 12·2636 215·66 1176 298·47 0·2798 12·3404 229·60
1127 284·81 0·2779 12·2652 215·94 1177 298·75 0·2798 12·3419 229·88
1128 285·08 0·2780 12·2668 216·21 1178 299·03 0·2798 12·3434 230·16
1129 285·36 0·2780 ·12·2683 216·49 1179 299·31 0·2799 12·3449 230·44
1130 285·64 0·2780 12·2698 216·77 1180 299·59 0·2799 12·3464 230·72

.-



I-continued

TOK H VI TOK H VI

1181 299·87 0·2799 12·3479 231·00 1231 313·91 0·2816 12·4217 245·04
1182 300·15 0·2800 12·3494 231·28 1232 314·19 0·2817 12·4232 245·32
1183 300·43 0·2800 12·3509 231·56 1233 314·48 0·2817 12·4247 245·61
1184 300·71 0·2800 12·3524 231·84 1234 314·76 0·2817 12·4261 245·89
1185 300·99 0·2801 12·3539 232·12 1235 315·04 0·2818 12·4275 246·17
1186 301·27 0·2801 12·3554 232·40 1236 315·32 0·2818 12·4290 246·45
1187 301·55 0·2801 12·3569 232·68 1237 315·60 0·2818 12·4305 246·73
1188 301·83 0·2802 12·3584 232·96 1238 315·89 0·2819 12·4319 247·02
1189 302·11 0·2802 12·3599 233·24 1239 316·17 0·2819 12·4333 247·30
1190 302·39 0·2802 12·3614 233·52 1240 316·45 0·2819 12·4347 247·58

1191 302·67 0·2803 12·3629 233·80 1241 316·73 0·2820 12·4362 247·86
1192 302·95 0·2803 12·3644 234·08 1242 317·01 0·2820 12·4377 248·14
'1193 303·23 0·2804 12·3659 234·36 1243 .317·S0 0·2820 12·4391 248·43
1194 303·51 0·2804 12·3674 234·64 1244 317·58 0·2820 12·4405 248·71
1195 303·79 0·2804 12·3688 234·92 1245 317·86 0·2821 12·4419 248·99
1196 304·07 0·2805 12·3703 235·20 1246 318·14 0·2821 12·4434 249·27
1197 304·35 0·2805 12·3718 235·48 1247 318·42 0·2821 12·4448 249·55
1198 304·63 0·2805 12·3733 235·76 1248 318·71 0·2822 12·4462 249·84
1199 304·91 0·2806 12·3748 236·04 1249 318·99 0·2822 12·4476 250·12
1200 305·19 0·2806 12·3762 236·32 1250 319·27 0·2822 12·4490 250·40

1201 305·47 0·2806 12·3777 236·60 1251 319'55 0·2823 12·4505 250·68
1202 305·75 0·2807 12·3792 236·88 1252 319·83 0·2823 12·4519 250·96
1203 306·04 0·2807 12·3807 237·17 1253 320·12 0·2823 12·4533 251·25
1204 306·32 0·2807 12·3822 237·45 1254 320·40 0·2824 12·4547 251·53
1205 306·60 0·2808 12·3836 237·73 1255 320·68 0·2824 12·4561 251·81
1206 306·88 0·2808 12·3851 238·01 1256 320·96 0·2824 12·4576 252·07
1207 307 16 0·2808 12·3866 238·29 1257 321·24 0·2825 12·4590 252·37
1208 307·44 0·2809 12·3881 238·57 1258 321·53 0·2825 12·4604 252·66
1209 307'72 0·2809 12·3896 238·85 1259 321·81 0·2825 12·4618 252·94
1210 308·00 0·2809 12·3910 239·13 1260 322·09 0·2825 12·4632 253·22

1211 308·28 0·2810 12·3925 239·41 1261 322·37 0·2826 12·4647 253·50
1212 308·56 0·2810 12·3940 239·69 1262 322·66 0·2826 12,4661 253·79
1213 308·85 0·2810 12·3955 239·98 1263 322·94 0·2826 12·4675 254·07
1214 309·13 0·2811 12·3969 240·26 1264 323·23 0·2827 12·4689 254·36
1215 309·41 0·2811 12·3983 240·54- 1265 323·51 0·2827 12·4703 254·64
1216 309·69 0·2811 12·3998 240·82 1266 323·79 0·2827 12·4718 254·92
1217 309·97 0·2812 12·4013 241·10 1267 324·07 0·2828 12·4732 255·20
1218 310·26 0·2812 12·4028 241·39 1268 324·36 0·2828 12·4746 255·49
1219 310·54 0·2812 12·4042 241·67 1269 324·64 0·2828 12·4760 255·77
1220 310·82 0·2813 12·4056 241·95 1270 324·92 0·2829 12·4774 256·05

1221 311·10 0·2813 12·4071 242·23 1271 325·20 0·2829 12·4789 256·33
1222 311·38 0·2813 12·4086 242·51 1272 325·49 0·2829 12·4803 256·62
1223 311·66 0·2814 12·4101 242·79 1273 325·77 0·2830 12·4817 256·90
1224 311·94 0·2814 12·4115 243'07 I- 1274 326·06 0·2830 12·4831 257·19
1225 312·22 0·2814 12·4129 243·35 1275 326·34 0·2830 12·4845 257·47
1226 312·50 0·2815 12·4144 243·63 1276 326·62 0·2830 12·4859 257·75
1227 312·78 0·2815 12·4159 243·91 1277 326·91 0·2831 12·5873 258·04
1228 313·07 0·2815 12·4174 244·20 1278 327·19 0·2831 12·4887 258·32
1229 313·35 0·2816 12·4188 244·48 1279 327·48 0·2831 12·4901 258·61
1230 313·63 0·2816 12·4202 244·76 1280 327·76 0·2832 12·4915 258·89



I-continued

TOR H VI TOR H VI H15

1281 328·04 0·2832 12·4929 259·17 1331 342·23 0·2847 12·5618 273·36
1282 328·32 0·2832 12· 259·45 1332 342·52 0·2847 12·5632 273·65
1283 328·61 0·2833 12· 259·74 1333 342·80 0·2848 12·5646 273·93
1284 328·89 0·2833 12·4971 I 260·02 1334 343·09 0·2848 12·5659 274·22
1285 329·17 0·2833 12·4985 260·30 1335 343·37 0·2848 12·5672 274·50
1286 329·45 0·2834 12·4999 260·58 1336 343·66 0·2849 12·5686 274·79
1287 329·74 0·2834 12·5013 260·87 1337 343·94 0·2849 12·5700 275·07
1288 330·02 0·2834 12·5027 261·15 1338 344·23 0·2849 12·5713 275·40
1289 330·31 0·2835 12·5041 261·44 1339 344·51 0·2850 12·5726

I

275·64
1290 330·59 0·2835 12·5055 261·72 1340 344·80 0·2850 12·5739 275·93

1291 330·87 0·2835 12·5069 262·00 1341 I 345·09 0·2850 12·5753 276·22
1292 331·16 0·2835 12 5083 262·29 1342 I 345·37 0·2850 12·5767 276·50
1293 331·44 0·2836 12·5097 262·57 1343 I

345·66 0·2851 12·5780 276·79
1294 331·73 0·2836 12·5111 262·86 1344 , 345·94 0·2851 12·5793 277·07
1295 332·01 0·2836 12·5134 263·14 1345 346·23 0·2851 12·5806 277·36
1296 332·29 0·2837 12·5138 263·42 1346 346·51 0·2851 12·5820 277·64
1297 332·57 0·2837 12·5152 263·60 1347 346·80 0·2852 12·5834 277·93
1298 332·86 0·2837 12·5166 263·99 1348 347·08 0·2852 12·5847 278·21
1299 333·14 0·2838 ·5180 264·27 1349 347·37 0·2852 12·5860 278·50
1300 333·42 0·2838 12·5193 264·55 1350 347·65 0·2853 12·5873 278·78

1301 333·70 0·2838 12·5207 264·83 1351 347·94 0·2853 12·5887 279·07
1302 333·99 0·2839 12·5221 265·12 1352 348·22 0·2853 12·5901 279·35
1303 334·27 0·2839 12·5235 265·40 1353 348·51 0·2853 12·5914 279·64
1304 334·56 0·2839 12·5249 265·69 1354 348·79 0·2854 12·5927 279·92
1305 334·84 0·2839 12-5262 265·97 1355 349·08 0·2854 12·5940 280·21
1306 335·12 0·2840 12·5276 266·25 1356 349·37 0·2854 12·5954 280·50
1307 335·41 0·2840 12·5290 266·54 1357 349·65 0·2855 12·5968 280·78
1308 335·69 0·2840 12·5304 266·82 1358 349·94 0·2855 12·5981 281·07
1309 335·98 0·2840 12·5318 267·11 1359 350·22 0·2855 12·5994 281·35
1310 336·26 0·2841 12·5331 267·39 1360 350·51 0·2855 12·6007 281·64

1311 336·54 0·2841 12·5345 267·67 1361 350·80 0·2856 12·6021 281·93
1312 336·83 0·2841 12·5359 267·96 1362 351·08 0·2856 12·6034 282·21
1313 337·11 0·2842 12·5373 268·24 1363 351·37 0·2856 12·6047 282·50
1314 337·40 0·2842 12·5387 268·53 1364 351·65 0·2857 12·6060 282·78
1315 337·68 0·2842 12·5400 268·81 1365 351·94 0·2857 12·6073 283·07
1316 337·96 0·2843 12·5414 269·09 1366 352·23 0·2857 12·6087 283·36
1317 338·25 0·2843 12·5428 269·38 1367 352·51 0·2857 12·6100 283·64
1318 338·53 0·2843 12·5442 269·66 1368 352·80 0·2858 12·6113 283·93
1319 338·82 0·2844 12·5455 269·95 1369 353·08 0·2858 12·6126 284·21
1320 339·10 0·2844 12·5468 270·23 1370 353·37 0·2858 12·6139 284·50

1321 339·38 0·2844 12·5482 270·51 1371 353·66 0·2859 12·6153 284·79
1322 339·67 0·2845 12·5496 270·80 1372 353·94 0·2859 12·6166 285·07
1323 339·95 0·2845 12·5510 271·08 1373 354·23 0·2859 12·6179 285·36
1324 340·24 0·2845 12·5523 271·37 1374 354·51 0·2859 12·6192 285·64
1325 340·52 0·2845 12·5536 271·65 1375 354·80 0·2860 12·6205 285·93
1326 340·81 0·2846 12·5550 271·94 1376 355·09 0·2860 12·6219 286·22
1327 341·09 0·2946 12·5564 272·22 1377 355·37 0·2860 12·6232 286·50
1328 341·38 0·2846 12·5578 272·51 1378 355·66 0·2860 12·6245 286·79
1329 341·64 0·2847 12·5591 272·77 1379 355·94 0·2861 12·6258 287·07
1330 341·95 0·2847 12·5604 273·08 1380 356·23 0·2861 12·6271 287·36



TABLE I-continued

HYOK IC2JH

1381 356·52 0·2861 12·6285 287·65 1431 370·85 0·2875 12·6931 301·98
1382 356·80 0·2862 12·6298 287·93 1432 371·14 0·2875 12·6944 302·27
1383 357·09 0·2862 12·6311 288·22 1433 371·42 0·2875 12·6957 302·55
1384 357·37 0·2862 12·6324 288·50 1434 371·71 0·2875 12·6970 302·84
1385 357·66 0·2862 12·6337 288·79 1435 372·00 - 0·2876 12·6982 303·13
1386 357·95 0·2863 12·6350 289·08 1436 372·29 0·2876 12·6995 303·42
1387 358·23 0·2863 12·6363 289·36 1437 372·58 0·2876 12·7008 303·71
1388 358·52 0·2863 12·6376 289·65 1438 372·86 0·2876 12·7021 303·99
1389 358·80 0·2864 12·6389 289·93 1439 373·15 0·2877 12'7033 304·28
1390 359·09 0·2864 12·6402 290·22 1440 373·44 0·2877 12·7045 304·57

1391 359·38 0·2864 12·6415 290·51 1441 373·73 0·2877 12·7058 304·86
1392 359·66 0·2864 12·6428 290·79 1442 374·02 0·2877 12·7071 305·15
1393 359·95 0·2865 12·6441 291·08 1443 374·30 0·2878 12·7084 305·43
1394 360·23 0·2865 12·6454 281·36 1444 374·59 0·2878 12·7096 305·72
1395 360·52 0·2865 12·6467 291·65 1445 374·88 0·2878 12·7108 306·01
1396 360·81 0·2865 12·6480 291·94 1446 375·17 0·2878 12·7121 306·30
1397 361·09 0·2866 12·6493 292·22 1447 375·46 0·2879 12·7134 306·59
1398 361·38 0·2866 12·6506 292·51 1448 375·74 0·2879 12·7147 306·87
1399 361·66 0·2866 12·6519 292·79 1449 376·03 0·2879 12·7159 307·16
1400 361· 95 0·2867 12·6532 293·08 1450 376·32 0·2880 12·7171 307·45

1401 362·24 0·2867 12·6545 293·37 1451 376·61 0·2880 12·7184 307·74
1402 362·52 0·2867 12·6558 293·65 1452 376·90 0·2880 12·7197 308·03
1403 362·81 0·2867 12·6571 293·94 1453 I 377·18 0·2880 12·7210 308·31
1404 363·09 0·2868 12·6584 294·22 1454 377·47 0·2881 12·7222 308·60
1405 363·38 0·2868 12·6597 294·51 1455 377·76 i 0·2881 12·7234 308·89I

1406 363·67 0·2868 12·6610 294·80 1456 378·05 0·2881 12·7247 309·18
1407 363·96 0·2868 12·6623

I
295·09 1457 378·34 0·2881 12·7260 309·47

1408 364·24 0·2869 12·6636 295·37 1458 I 378·62 0·2882 12·7273 309·75
1409 364·53 0.'2869 12·6649 295·66 1459 378·91 0·2882 12·7285 310·04
1410 364·82 0·2869 12·6662 295·95 1460 379·20 0·2882 12·7297 310·33

1411 365·11

I
0·2869 12·6675 296·24 1461 379'49 0·2882 12·7310 310·62

1412 365·40 0·2870 12·6688 296·53 1462 379·78 0·2883 12·7323 310·91
1413 365·68 0·2870 12·6701 296·81 1463 ,380,06 0·2883 12·7335 311·19
1414 365·97 0·2870 12·6714 297·10 1464 380·35 0·2883 12·7347 311·48
1415 366·26 0·2870 12·6726 297·39 1465

I
380·64 0·2883 12·7359 311·77

1416 366·55 0·2871 12·6739 297·68 1466 380·93 0·2884 12·7372 312·06
1417 366·83 0·2871 12·6752 297·96 1467 381· 22 0·2884 12·7385 312·35
1418 367·12 0·2871 12·6765 298·25 1468 381·50 0·2884 12·7397 312·63
1419 367·40 0·2871 12·6778 298·53 1469 381·79 0·2884 12·7409 312·92
1420 367·69 0·2872 12·6790 298·82 1470 382·08 0·2885 12·7421 313·21

1421 367·98 0·2872 12·6803 299·11 1471 382·37 0·2885 12·7434 313·50
1422 368·26 0·2872 12·6816 299·39 1472 382·66 0·2885 12·7447 313·79
1423 368·55 0·2872 12·6829 299·68 1473 382·95 0·2885 12·7459 314·08
1424 368·83 0·2873 12·6842 299·96 1474 383·24 0·2886 12·7471 314·37
1425 369·12 0·2873 12·6854 300·25 '1475 383·53 0·2886 12·7483 314·66
1426 369·41 0·2873 12·6867 300·54 1476 383·82 0·2886 12·7496 314·95
1427 369·70 0·2874 12·6880 300·83 1477 384·11 0·2886 12·7509 315·24
1428 369·98 0·2874 12·6893 301·11 1478 384·39 0·2887 12·7521 315·52
1429 370·27 0·2874 12·6906 301·40 1479 384·68 0·2887 12·7533 315·81
1430 370·56 0·2874 12·6918 301·69 1480 384·97 0·2887 12·7545 316·10

-
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I
1481 385·26 0·2887 12·7558 316·39 1531 399·73 0·2899 12·8166 330·86
1482 385·55 0·2888 12·7571 316·68 1532 400·02 0·2900 12·8178 331·15
1483 385·84 0·2888 12·7583 316·97 1533 400·31 0·2900 12·8190 331·44
1484· 386·13 0·2888 12·7595 317·26 1534 400·60 0·2900 12·8202 331·73
1485 386·42 0·2888 12·7607 317·55 1535 400·89 0·2900 12·8214 332·02
1486 386·71 0·2889 12·7620 317·84 1536 401·18 0·2901 12·8226 332·31
1487 387·00 0·2889 12·7633 318·13 . 1537 401·47 0·2901 12·8238 332·60
1488 387·28 0·2889 12·7645 ! 318·41 1538 401·76 0·2901 12·8250 332·89
1489 387·57 0·2889 12·7657 318·70 1539 402·05 0·2901 12·8262 333·18
1490 387·86 0·2890 12·7669 318·99 1540 402·34 0·2901 12·8274 333·47

1491 388·15 0·2890 12·7682 319·28 1541 402·63 0·2902 12·8286 333·76
1492 388·44 0·2890 12·7694 319·57 1542 402·92 0·2902 12·8298 334·05
1493 388·72 0·2890 12·7706 319·85 1543 403·21 0·2902 12·8310 334·34
1494 389·01 0·2891 12·7718 320·14 1544 403·50 0·2902 12·8322 334·63
1495 389·30 0·2891 12·7730 320·43 1545 403·79 0·2903 12·8334 334·92
1496 389·59 0·2891 12·7743 320·72 1546 404·08 0·2903 12·8346 335·21
1497 389·88 0·2891 12·7755 321·01 1547 404·37 0·2903 12·8358 335·50
1498 390·17 0·2892 12·7767 321·30 1548 404·66 0·2903 12·8370 335·79
1499 390·46 0·2892 12·7779 321·59 1549 404·95 0·2904 12·8382 336·08
1500 390·75 0·2892 12·7791 321·88 1550 405·24 0·2904 12·8394 336·37

1501 391·04 0·2892 12·7804 322·17 1551 405·53 0·2904 12·8406 336·66
1502 391·33 0·2893 12·7816 322·46 1552 405·82 0·2904 12·8418 336·95
1503 391· 61 0·2893 12·7828 322·74 1553 406·11 0·2905 12·8430 337·24
1504 391·90 0·2883 12·7840 323·03 1554 406·40 0·2905 12·8442 337·53
1505 392·19 0·2893 12'7852 323·32 1555 406·69 0·2905 12·8453 337·82
1506 392·48 0·2894 12·7865 323·61 1556 406·98 0·2905 12·8465 338·11
1507 392·77 0·2894 12·7877 323·90 1557 407·27 0·2905 12·8477 338·40
1508 393·06 0·2894 12·7889 324·19 1558 407·56 0·2906 12·8489 338 69
1509 393·35 0·2894 12·7901 324·48 1559 407·85 0·2906 12·8501 338·98
1510 393·64 0·2895 12·7913 324·77 1560 408·14 0·2906 12·8512 339·27

ISH 393·93 0-2895 12·7926 325·06 1561 408·43 0·2906 12-8524 339·56
1512 394·22 0·2895 12·7938 325·35 1562 408'72 0·2907 12·8536 339·85
1513 394·51 0·2895 12·7950 325·64 1563 409·02 0·2907 12·8548 340·15
1514 394·80 0·2895 12·7962 325·93 1564 409·31 0·2907 12·8560 340·44
1515 395·09 0·2896 12·7974 326·22 1565 409·60 0·2907 12·8571 340·73
1516 395·38 0·2896 12·7986 326·51 1566 409·89 0-2907 12·8583 341·02
1517 395·67 0·2896 12·7998 326·80 1567 410·18 0·2908 12·8595 341·31
1518 395·96 0·2896 12·8010 327·09 1568 410·47 0·2908 12·8607 341·60
1519 396·25 0·2897 12·8022 327·38 1569 410·76 0·2908 12·8619 341·89
1520 396·54 0'2897 12·8034 327·67 1570 411·05 0·2908 12·8630 342·18

1521 396·83 0·2897 12·8046 327·96 1571 411·34 0·2909 12·8642 342·47
1522 397·12 0-2897 12·8058 328·25 1572 411·63 0·2909 12·8654 342·76
1523 397·41 0·2898 12·8070 328·54 1573 411·93 0·2909 12·8666 343·06
1524 397·70 0·2898 12·8082 328·83 1574 412·22 0·2909 12·8677 343·35
1525 397·99 0·2898 12·8094 329·12 1575 412·51 0·2910 12·8688 343·64
1526 398·28 0·2898 12·8108 329·41 1576 412·80 0·2910 12·8700 343·93
1527 398·57 0·2899 12· 8118 329·70 1577 413·09 0·2910 12·8712 344·22
1528 398·86 0·2899 12·8130 329·99 1578 413·38 0·2910 12·8724 344·51
1529 399·15 0·2899 12·8142 330·28 1579 413·67 0·2910 12·8735 344·80
1530 399·44 0·2899 12·8154 330·57 1580 413·96 0·2911 12·8746 345·09
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I1581 414·25 0·2911 12·8758 345·38 I 1631 428·84 0·2922 12·9334 359·97

1582 414·54 0·2911 12·8770 345·67 1632 429·13 0·2922 12·9346 360·26
1583 414·84 0·2911 12·8782 345·97 1633 429·43 0·2922 12·9357 360·56
1584 415·13 0·2912 12·8793 346·26 1634 429·72 0·2922 12·9368 360·85
1585 415·42 0·2912 12·8804 346·55 1635 430·01 0·2922 12·9379 361·14
1586 415-71 0·2912 12·8816 346·84 1636 430·30 0·2923 12·9391 361·43
1587 416·00 0·2912 12-8828 347 ·13 1637 . 430·59 0·2923 12·9402 361·72
1588 416·29 0·2912 12·8840 347·42 1638 430·89 0·2923 12·9413 362·02
1589 416-58 0·2913 12·8851 347·71 1639 431·18 0·2923 12·9424 362·31
1590 416·87 0·2913 12·8862 348·00 1640 431·47 0·2923 12·9435 362·60

1591 417·16 0·2913 12·8874 348·29 1641 431·76 0·2924 12·9447 362·89
1592 417·45 0·2913 12·8886 .348·58 1642 432·05 0·2924 12·9458 363·18
1593 417·75 0·2914 12·8898 348·88 1643 432·35 0·2924 12·9469 363·48
1594 418·04 0·2914 12·8909 349,17 1644 432·64 0·2924 12·9480 363·77
1595 418·33 0·2914 12·8920 349·46 1645 432·93 0·2925 12·9491 364·06
1596 418·62 0·2914 12·8932 349·75 1646 433·22 0·2925 12·9503 364·35
1597 418·91 0·2914 12·8944 350-04 1647 433·51 0·2925 12·9514 364·64
1598 419·21 o 2915 12·8956 350·34 1648 433·81 0·2925 12·9525 364·94
1599 419·50 0·2915 12·8967 350·63 1649 434·10 0·2925 12·9536 365·23
1600 419·79 0·2915 12·8978 350·92 1650 434,39 0·2926 12·9547 365·52

1601 420·08 0·2915 12·8990 351·21 1651 434·68 0·2926 12·9559 365·81
1602 420·37 0·2916 12·9002 351·50 1652 434·98 0·2926 12·9570 366·11
1603 420·67 0·2916 12·9014 351·80 1653 435·27 0·2926 12·9581 366·40
1604 420·96 0·2916 12·9025 352·09 1654 435·57 0·2926 12·9592 366·70
1605 421·25 0·2916 12·9036 352·38 1655 435·86 0·2927 12·9603 366·99
1606 421·54 0·2916 12·9048 352·67 1656 436·15 0·2927 12·9615 367·28
1607 421·83 0·2917 12·9060 352·96 1657 436·44 0·2927 12·9626

I
367·57

1608 422·13 0·2917 12·9072 353·26 1658 436·74 0·2927 12·9637 367·87
1609 422·42 0·2917 12·9083 353·55 1659 437·03 0·2927 12·9648 368·16
1610 422'71 0·2917 i

12·9094 353·84 1660 437·32 0·2928 12·9659 368·45

1611 423·00 0·2918 12·9106 354·13 1661 437·61 0·2928 12·9671 368·74
1612 423·29 0·2918 12·9118 354·42 1662 437·90 0·2928 12·9682 369·03
1613 423·59 0·2918 12·9129 354·72 1663 438·20 0·2928 12·9693 369·33
1614 423·88 0·2918 12·9140 355·01 1664 438·49 o 2928 12·9704 369·62
1615 424·17 0·2918 12·9151 355·30 1665 438'78 0·2929 12·9715 369·91
1616 424·46 0·2919 12·9163 355·59 1666 439·07 0·2929 12·9727 370·20
1617 424·75 0·2919 12·9175 355·88 1667 439·36 0·2929 12·9738 370,49
1618 425·05 0·2919 12·9186 356·18 1668 439·66 0·2929 12·9749 370·79
1619 425·34 0·2919 12·9197 356·47 1669 439·95 0·2929 12·9760 371·08
1620 425·63 0·2919 12·9208 356·76 1670 440·24 0·2930 12·9771 371·37

1621 425·92 0·2920 12·9220 357·05 1671 440·53 0·2930 12·9783 371·66
1622 426·21 0·2920 12·9232 357·34 1672 440·83 0·2930 12·9794 371·96
1623 426·51 0·2920 12·9243 357·64 1673 441·12 o 2930 12·9805 372·25
1624 426·80 0·2920 12·9254 357·93 1674 441·42 0-2930 12·9816 372·55
1625 427·09 0·2920 12·9265 358·22 1675 441·71 0·2931 12·9827 372·84
1626 427·38 0·2921 12·9277 358·51 1676 442·00 0·2931 12·9839 373·13
1627 427·67 0·2921 12·9289 358·80 1677 442·29 0·2931 12·9850 373·42
1628 427·97 0·2921 12·9300 359·10 1678 442·59 0·2931 12·9861 373·72
1629 428·26 0·2921 12·9311 359·39 1679 442·88 0·2931 12·9872 374·01
1630 428·55 0·2921 12·9322 359·68 1680 443·17 0·2932 12·9883 374·30
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TOR H Cz> 'IJJ H I5
TOR H Vi H I5

1681 443·46 0·2932 12·9894 374·59 1731 458·15 0·2941 13·0439 389·28
1682 443·76 0·2932 12·9905 374·89 1732 458·45 0·2942 13·0450 389·58
1683 444·05 0·2932 12·9916 375·18 1733 458·74 0·2942 13·0461 389·87
1684 444·34 0·2932 12·9927 375·47 1734 459·04 0·2942 13·0472 390·17
1685 444·64 0·2933 12·9938 375·77 1735 459·33 0·2942 13·0482 390·46
1686 444·93 0·2933 12·9949 376·06 1736 459·62 0·2942 13·0493 390·75
1687 445·23 0·2933 12·9960 376·36 1737 459·92 0·2942 13·0504 391·05
1688 445·52 0·2933 12·9971 376·65 1738 460·21 0·2943 13· 391·34
1689 445·82 0·2933 12·9982 376·95 1739 460·51 0·2943 13· 391·64
1690 446·11 0·2934 12·9993 377·24 1740 460·80 0·2943 13·0536 391·93

1691 446·40 0·2934 13·0004 377·53 1741 461·09 0·2943 13·0547 392·22
1692 446·69 0·2934 13·0015 377·82 1742 461·39 0·2943 13·0558 392·52
1693 446·99 0·2934 13·0026 378·12 1743 461·68 0·2944 13·0569 392·81
1694 447·28 0·2934 13·0037 378·41 1744 461·98 0·2944 13·0579 393·11
1695 447·57 0·2935 13·0048 378·70 1745 462·27 0·2944 13·0589 393·40
1696 447·86 0·2935 13·0059 378·99 1746 462·57 0·2944 13·0600 393·70
1697 448·16 0·2935 13·0070 379·29 1747 462·86 0·2944 13·06ll 393·99
1698 448·45 0·2935 13·0081 379·58 1748 463·16 0·2945 13·0622 394·29
1699 448·75 0·2935 13·0092 379·88 1749 463·45 0·2945 13·0632 394·58
1700 449·04 0·2936 13· 0103 380·17 1750 463·75 0·2945 13·0642 394·88

1701 449·33 0·2936 13·0114 380·46 1751 464·04 0·2945 13·0653 395·17
1702 449·63 0·2936 13·0125 380·76 1752 464·34 0·2945 13·0664 395·47
1703 449·92 0·2936 13·0136 381·05 1753 464·63 0·2945 13·0675 395·76
1704 450·22 0·2936 13·0147 381·35 1754 464·93 0·2946 13·0685 396·06
1705 450·51 0·2937 13·0158 381·64 1755 465·22 0·2946 13·0695 .396·35
1706 450·80 0·2937 13·0169 381·93 1756 465·51 0·2946 13·0706 396·64
1707 451·10 0·2937 13·0180 382·23 1757 465·81 0·2946 13·0717 396·94
1708 451·39 0·2937 13·0191 382·52 1758 466·10 0·2946 13·0728 397·23
1709 451·69 0·2937 13·0202 382·82 1759 466·40 0·2946 13·0738 397·53
1710 451·98 0·2938 13·0212 383·11 1760 466·69 0·2947 13·0748 397·82

1711 452·27 0·2938 13·0223 383·40 1761 466·99 0·2947 13·0759 398·12
1712 452·59 0·2938 13·0234 383·70 1762 467·28 0·2947 13·0770 398·41
1713 452·86 0·2938 13·0245 383·99 1763 467·58 0·2947 13·0781 398·71
1714 453·16 0·2938 13·0256 384·29 1764 467·87 0·2947 13·0791' 399·00
1715 453·45 0·2938 13·0266 384·58 1765 468·17 0·2948 13·0801 399·30
1716 453·74 0·2939 13·0277' 384·87 1766 468·46 0·2948 13·0812 399·59
1717 454·04 0·2939 13·0288 385·17 1767 468·76 0·2948 13·0823 399·89
1718 454·33 0·2939 13·0299 385·46 1768 469·05 0·2948 13·0834 400·18
1719 454·63 0·2939 13·0310 385·76 1769 469·35 0·2948 13·0844 400·48
1720 454·92 0·2939 13·0320 386·05 1770 469·64 0·2948 13·0854 400·77

1721 455·21 0·2940 12·0331 386·34 1771 469·93 0·2949 13·0865 401·06
1722 455·51 0·2940 13·0342 386·64 1772 470·23 0·2949 13·0876 401·36
1723 455·80 0·2940 13·0353 386·93 1773 470·52 0·2949 13·0887 401·65
1724 456·10 0·2940 13·0364 387·23 1774 470·82 0·2949 13·0897 401·95
1725 456·39 0'2940 13·0374 387·52 1775 471·11 0·2949 13·0907 402·24
1726 456·68 0·2940 13·0385 387·81 1776 471·41 0·2949 13·0918 402·54
1727 456·98 0·2941 13·0396 388·11 1777 471·70 0·2950 13·0929 402·83
1728 457·27 0·2941 13·0407 388·40 1778 472·00 0·2950 13·0940 403·13
1729 457·57 0·2941 13·0418 388·70 1779 472·29 0·2950 13·0950 403·42
1730 457·86 0·2941 13·0428 388·99 1780 472·59 0·2950 13·0960 403·72
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1-·continued

TOR H 1p TOR H Cp 1p HJJj

1781 472·88 0·2950 13·0971 404·01 1831 487·65 0·2959 13·1488 418·78
1782 473·18 0·2950 13·0982 404·31 1832 487·95 0·2960 13·1498 419·08
1783 473'47 0·2951 13·0993 404·60 1833 488·24 0·2960 13·1509 419·37
1784 473·77 0·2951 13·1003 404·90 1834 488·54 0·2960 13·1519 419·67

·1785 474·06 0·2951 13·1013 405·19 1835 488·84 0·2960 13·1529 419·97
1786 474·36 0·2951 13·1024 405·49 1836 489· 13 0·2960 13'1539 420·26
1787 474·65 0·2951 13·1035 405·78 1837 489·43 0·2960 13·1550 420·56
1788 474·95 0·2951 13·1045 406·08 1838 489·72 0·2961 13·1560 420·85
1789 475·24 0·2952 13·1055 406·37 1839 490·02 0·2961 13·1570 421·15
1790 475·54 0·2952 13·1065 406·67 1840 490·32 0·2961 13·1580 421·45

1791 475·83 0·2952 13·1076 406·96 1841 490 61 0·2961 13·1590 421·74
1792 476·13 0·2952 13·1087 407·26 1842 490·91 0·2961 13·1601 422·04
1793 476·42 0·2952 13·1097 407·55 1843 491·21 0·2931 13·1611 422·34
1794 476·72 0·2952 13·1107 407·85 1844 491· 50 0·2962 13·1621 422·63
1795 477·01 0·2953 13·1117 408·14 1845 491·80 0·2962 13'1631 422·93
1796 477·31 0·2953 13 ·1128 408·44 1846 492·10 0·2982 13·1641 423·23
1797 477·60 0·2953 13·1139 408'73 1847 492·39 0·2962 13·1652 423·52
1798 477·90 0·2953 13·1149 409·03 1848 492·69 0·2962 13·1662 423·82
1799 478·19 2953 13·1159 409·32 1849 492·98 0·2962 13·1672 424·11
1800 478·49 2954 13·1169 409·62 1850 493·28 0·2963 13·1682 424·41

1801 478·78 0·2954 13·1180 409·91 1851 493·58 0·2963 13·1692 424·71
1802 479·08 0·2954 13·1190 410·21 1852 493·87 0·2963 13·1702 425·00
1803 479'37 0·2954 13·1200 410·50 1853 494'17 0·2963 13·1712 425·30
1804 479·67 0·2954 13·1210 410·80 1854 494·47 0·2963 13·1723 425·60
1805 479·96 0·2955 13·1221 411·09 1855 494·76 0·2963 13·1733 425·89
1806 480·26 0·2955 13·1231 411·39 1856 495·06 0·2964 13 1743 426·19
1807 480·55 0·2955 13·1241 1·68 1857 495·36 o 2964 13·1753 426·49
1808 480·85 0·2955 13·1252 1·98 1858 495·65 0·2964 13·1763 426·78
1809 481·15 0·2955 13·1262 412·28 1859 ·495·95 0·2964 13·1773 427·08
1810 481·44 0·2956 13·1272 412·57 1860 496·25 0·2964 13 -1783 427·38

1811 481·74 0·2956 13·1283 412·87 1861 496·54 0·2964 13 ·1793 427·67
1812 482·03 0·2956 13·1293 413·16 1862 496·84 0·2965 13·1803 427·97
1813 482'33 0·2956 13·1303 413·46 1863 497·14 0·2965 13·1813 428·27
1814 482·62 0·2956 13·1313 413·75 1864 497·43 0·2965 13·1823 428·56
1815 482·92 0-2957 13·1324 414·05 1865 497·73 0·2965 13·1834 428·86
1816 483·21 0·2957 13·1334 414·34 1866 498·02 0·2965 13·1844 429·15
1817 483·51 0·2957 13·1344 414·64 1867 498·32 0·2965 13·1854 429·45
1818 483·81 0·2957 13·1355 414·94 1868 498·62 0·2966 13·1864 429·7fi
1819 484·10 0·2957 13·1365 415·23 1869 498·91 0·2966 13·1874 430·04
1820 484·40 0·2958 13·1375 415·53 1870 499·21 0·2966 13·1884 430·34

1821 484·69 0·2958 13·1386 415·82 1871 499·51 0·2966 13·1894 430·64
1822 484·99 0·2958 13·1396 416·12 1872 499·80 0·2966 13·1904 430·93
1823 485·28 0·2958 13·1406 416·41 1873 500·10 0·2966 13·1914 431 23
1824 485·58 0·2958 13·1416 416·71 1874 500·40 0·2967 13·1924 431·53
1825 485·87 0·2958 13·1427 417·00 1875 500·69 0·2967 13 ·1934 431·82
1826 486·17 0·2959 13·1437 417·30 1876 500·99 0·2967 13·1944 432·12
1827 486·47 0·2959 13·1447 417·60 1877 501·29 0·2967 13·1954 432·42
1828 486·76 0·2959 13·1457 417·89 1878 501·58 0·2967 13·1964 432·71
1829 487·06 0·2959 13·1468 418;19 1879 501·88 0·2967 13·1974 433·01
1830 487·36 0·2959 13·1478 418-49 1880 502 ·18 0·2968 13'1984 433-31

Ii
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1881 502·47 0·2968 13·1994 433·60 1931 517·33 0·2976 13·2488 448·46
1882 502·77 0·2968 13·2004 433·90 1932 517·63 0·2976 13·2498 448·76
1883 503·07 0·2968 13·2014 434·20 1933 517·93 0·2976 13·2508 449·06
1884 503·36 0·2968 13·2024 434·49 1934 518·23 0·2976 13·2517 449·36
1885 503·66 0·2968 13·2034 434·79 1935 518·52 0·2976 13·2527 449·65
1886 503·96 0·2969 13·2044 435·09 1936 518·82 0·2976 13·2537 449·95
1887 504·25 0·2969 13·2054 435·38 1937 519·12 0·2977 13·2547 450·25
1888 504·55 0·2969 13·2064 435·68 1938 519·42 0·2977 13·2556 450·55
1889 504·85 0·2969 13·2074 435·98 1939 519·71 0·2977 13·2566 450·84
1890 505·15 0·2969 13·2084 436·28 1940 520·01 0·2977 13·2576 451·14

1891 505·44 0·2969 13·2094 436·57 1941 520·31 0·2977 13·2585 451·44
1892 505·74 0·2970 13·2104 436·87 1942 520·61 0·2977 13·2595 451·74
1893 506·04 0·2970 13·2114 437·17 1943 520·90 0·2978 13·2605 452·03
1894 506·33 0·2970 13·2124 437·46 1944 521·20 0·2978 13·2615 452·33
1895 506·63 0·2970 13·2134 437·76 1945 521· 50 0·2978 13·2624 452·63
1896 506·93 0·2970 13·2144 438-06 1946 521·80 0·2978 13·2634 452·93
1897 507·22 0·2970 13·2154 438-35 1947 522-09 0·2978 13·2644 453·22
1898 507·52 0·2970 13·2164 438·65 1948 522·39 0·2978 13·2653 453·52
1899 507·82 0·2971 13·2174 438·95 1949 522·69 0·2978 13·2663 453·82
1900 508·12 0·2971 13·2183 439·25 1950 99 0·2979 13·2673 454·12

1901 508·41 0·2971 13·2193 439·54 1951 523·28 0·2979 13·2682 454·41
1902 508·71 0·2971 13·2203 439·84 1952 523·58 0·2979 13·2692 454·71
1903 509·01 0·2971 13·2213 440·14 1953 523·88 0·2979 13·2702 455·01 .
1904 509·30 0·2971 13·2223 440·43 1954 524·18 0·2979 13·2711 455·31
1905 509·60 0·2972 13·2233 440·73 1955 524·48 0·2979 13·2721 455·
1906 509·90 0·2972 13·2243 441·03 1956 524·77 0·2980 13·2730 455·90
1907 510·20 0·2972 13·2253 441·33 1957 525·07 0·2980 13·2740 456·20
1908 510·49 0·2972 13·2263 441·62 1958 525·37 0·2980 13·2750 456·50
1909 510·79 0·2972 13·2272 441·92 1959 525·67 0·2980 13·2759 456·80
1910 511·09 0·2972 13·2282 442·22 1960 525·97 0·2980 13·2769 457·10

1911 511·39 0·2973 13·2292 442·52 1961 526·26 0·2980 13·2778 457·39
1912 511·68 0·2973 13·2302 442·81 1962 526·56 0·2980 13·2788 457·69
1913 511·98 0·2973 13·2312 443·11 1963 526·86 0·2981 13·2798 457·99
1914 512·28 0·2973 13·2322 443·41 1964 527·16 0·2981 13·2807 458·29
1915 512·58 0·2973 13·2332 443·71 I 1965 527·46 0·2981 13·2817 458·59
1916 512·87 0·2973 13·2341 444·00 1966 527·75 0·2981 13·2826 458·88
1917 513·17 0·2974 13·2351 444-30 1967 528·05 0·2981 13·2836 459·18
1918 513·47 0·2974 13·2361 444·60 1968 528·35 0·2981 13·2846 459·48
1919 513·77 0·2974 13·2371 444·90 1969 528·65 0·2981 13·2855 459·78
1920 514·06 0·2974 13·2381 445·19 1970 528·95 0·2982 13·2865 460·08

1921 514·36 0·2974 13·2390 445·49 1971 529·24 0·2982 13·2874 460·37
1922 514·66 0·2974 13·2400 445·79 1972 529·54 0·2982 13·2884 460·67
1923 514·95 0·2974 13·2410 446·08 1973 529·84 0·2982 13·2894 460·97
1924 515·25 0·2975 13·2420 446·38 1974 530·14 0·2982 13·2903 461·27
1925 515'55 0·2975 13·2430 446·68 1975 530·44 0·2982 13·2913 461·57
1926 515·85 0·2975 13·2439 446·98 1976 530·73 0·2982 13·2922 461·86
1927 516·14 0·2975 13·2449 447·27 1977 531·03 0·2983 13·2932 462·16
1928 516·44 0·2975 13·2459 447·57 1978 531·33 0·2983 13·2941 462·46
1929 516·74

I

0·2975 13·2469 447·87 1979 531·63 0·2983 13·2951 462·76
1930 517·04 0·2975 13·2478 448·17 1980 531·93 0·2983 13·2960 463·06



TABLE l-conti'n'ued

yaK H Cp 'IJ! H I5 rK H 'IJ! H15

1981 532·22 0·2983 13,2970 463·35 1991 535·21 0·2985 13·3065 466·34
1982 532·52 0·2983 13·2980 463·65 1992 535·50 0·2985 13·3075 466·63
1983 532·82 0·2984 13·2989 463·95 1993 535·80 0·2985 13·3084 466·93
1984 533·12 0·2984 13·2999 464·25 1994 536·10 0·2985 13·3094 467·23
1985 533·42 0·2984 13·3008 464·55 1995 536·40 0·2985 13·3103 467·53
1986 533·72 0·2984 13·3018 464·85 1996 536·70 0·2985 13·3113 467·83
1987 534·01 0·2984 13:3027 465·14 1997 537·00 0·2986 13·3122 468·13
1988 534·31 0'2984 13·3037 465·44 1998 537·29 0·2986 13·3132 468·42
1989 534·61 0'2984 13·3046 465·74 1999 537·59 0·2986 13<H41 468·72
1990 534·91 0,2985 13·3056 466·04 2000 537·89 0·2986 13·3151 469·02
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Heat Q Functions*t

where

weight

weight

etc., of

etc., content of mE~dlllm

Methane Ethane Propane n-Butane n-Pentane Hydrogen Carbon
TOK Monoxide TOK

Q(CH4) Q(C2Ho) Q(C3H s) Q(C4H10) Q(CSH12) .Q(H
2
)

Q{CO)

200 51·6 9·0 0·8 3·6 2·4 626·5 1·8 I 200'- - - I

220 57·0 11·8 + 0·1 1·5 - 1·8 687·1 2·0 220
240 62·3 14·6 1·5 + 0·7 0·4 748·6 2·1 240
260 67·6 17·5 3·4 3·1 + 1·7 810·9 2·3 260

,280 73·0 20·6 5·8 5·8 4·4 873·8 2·5 280

300 78·6 24·0 8·7 8·9 7·6 937·2 2·7 300
320 84·5 27·8 12·1 12·5 11·2 1000·9 2·8 320
340 90·7 32·0 15·9 16·5 15·2 1064·8 3·0 340
360 97·2 36·6 20·2 20·9 19·6 1128·8 3·2 360
380 104·1 41·6 25·0 25·7 24·4 1192·9 3·3 380

400 111·3 47·0 30·2 30·9 29·6 1257·1 3·5 400
420 118·8 52·8 35·8 36·5 35·1 1321·4 3·7 420
440 126·6 59·0 41·8 42·5 41,1 1385·7 3·8 440
460 134'7 65·5 48·2 48·9 47·5 1450·1 4·0 460
480 143·1 72·4 55·0 55·6 54·2 1514·5 4·2 480

500 151·8 79·6 62·1 62·7 61·2 1578·9 4·4 500
520 160·8 87·2 69·5 70·1 68·5 1643·3 4·5 520
540 170·2 95·2 77·3 77·9 76·2 1707·7 4·7 540
560 180·0 103·6 85·4 86·1 84·3 1772·1 4·8 560
580 190·2 112·3 93·9 94·6 92·7 1836·5 5·0 580

600 200·7 121·4 102·7 103·3 101·3 1901·0 5·2 600
620 211·5 130·8 11 ·8 112·3 110·2 1965·5 5·4 620
640 222·6 140·5 121·2 121·6 119·4 2030·0 5·5 640
660 234·0 150·5 130·9 131·2 128·9 2094·5 5·7 660
680 245·7 160·8 140·9 141·1 138·6 2159·0 5·9 680

700 257·7 171·3 151·2 151·2 148·6 2223·6 6·1 700
720 270·0 182·1 161·7 161·5 158·8 2288·2 6·2 720
740 282·6 193·2 172·5 172·0 169·2 2352·9 6·4 740
760 295·5 204·5 183·5 182·8 179·8 2417·7 6·6 760
780 308·6 216·0 194;7 193·8 190·7 2482·5 6·8 780

800 322·0 227·8 206·2 205·0 201·8 2547·4 7·0 800
820 335·6 239·9 217·9 216·4 213·1 2612·4 7·2 820
840 349·5 252·2 229·8 228·0 224·6 2677·5 7·4 840
860 363·7 264·7 241·9 239·8 236·2 2742·6 7·6 860
880 378·2 277·4 254·2 251·8 248·0 2807·9 7·8 880

900 393,.1 290·3 266·7 264·0 260·0 2873·3 8·0 900
920 408·2 303·4 279·4 276·4 272·2 2938·8 8·2 920
940 423·5 316·7 292·3 289·0 284·6 3004,4 8·4 940
960 438·9 330·2 305·3 301'7 297·2 3070·2 8·6 960
980 454·5 343·9 .+318·5 6 +309·9 3136·1 8·8 980

* This Table is to be used for mixtures of gases only. Use Table 5 for total heat of combustion products.
t Use e functions (Table 5) for incombustible gases (C02, N2, etc.).
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TABLE 2-continued

\------.!,-------' -----:- -.-.._-\----

Propane
Q(C3Hs)

n-Butane n-Pentane
Q(C'lH lO)

Carbon
Monoxide

Q(CO)
T"K

1000 470·3 i 357·8
I

331·9 327·6 322·8 3202·2 9·1 1000
1020 486·3

I
371·9 345·5 340·8 335·8 3268·4 9·3 1020

1040 502·5 386·2 I 359·3 354·2 349·0 i 3334·8 9·5 1040
1060 518·9 400·7 373,2 367·8 362·4 M01·4 I 9·7 1060
1080 535·6 415·4 387·3 381·5 375·9 3468·1 9·9 1080

1100 552·5 430·2 401·5 395·3 389·5 3534·9 10·1 1100
1120 569'6 445·1 415·9 409·3 403·3 3601·9 10'4 1120
1140 586·8 460·2 430·5 423·4 417·2 3669·1 10·6 1140
1160 604·2 475·4 445·2 437·6 431·2 3736·5 10·8 1160
1180 621·9 490·8 460·0 452·0 445·3 3804·1 11·0 1180

1200 639·8 506·4 474·9 466·5 459·6 3871·9 11·2 1200
1220 657·9 522·2 489·9 481·2 474·0 3939·8 11·4 1220
1240 676·2 538·1 505·0 496·0 488·5 4007·9 11·6 1240
1260 694·6 554·1 520·3 510·9 503·1 4076·2 11·9 1260
1280 713·1 570·3 535·7 525·9 517·8 4144·7 12·1 1280

1300 731·8 586·6 551·2 541·0 532·6 4213·4 12·3 1300
1320 750·6 603·0 566·8 556·2 547·5 4282·3 12·5 1320
1340 769·6 619·5 582·5 571·5 562·6 4351·4 12·8 1340
1360 788·7 636·1 598·3 586·9 577·8 4420·7 13·0 1360
1380 807·9 652·8 614·2 602·4 593'1 4490·1 13·2 1380

1400 827·3 669·7 630·3 618·0 608·5 4559·7 13·4 1400
1420 846·8 686·8 646·5 633·7 624·0 4629·5 13·6 1420
1440 866·4 704·0 662·8 649·5 639·6 4699·5 13·9 1440
1460 886·1 721·3 679·2 665·3 665·2 4769·7 14·1 1460
1480 905·8 738·6 695·6

1

681·2 670·8 4840·1 14·3 1480

1500 925·6 755·9 711·9 697·1 686·4 4910·7 14·5 1500
1520 4981·5 14·8 1520
1540 5052·5 15·0 1540
1560 5123·7 15·2 1560
1580 ! 5195·1 15·4 1580

1600 5266·7 15·7 1600
1620 5338·5 15·9 1620
1640 5410·5 16·1 1640
1660 5482·7 16·3 1660
1680 5555·1 16·5 1680

1700 5627·6 16·8 1700
1720 5700·3 17·0 1720
1740 5773·1 17·2 1740
1760 5846·1 17·4 1760
1780 5919·4 17·6 1780

1800 5993·1 17·8 1800
1820 6066·8 18·0 1820
1840 , 6140·6 18·2 1840
1860 6214·5 18·5 1860
1880 6288·6 18·7 1880

1900 6362·9 18·9 1900
1920 6437·4 19·1 1920
1940 6512·1 19·3 1940
1960 6586·9 19·5 1960
1980 6661·8 19·8 1980

2000 6736·8 20·0 2000
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air

terr:lperature oK

{j Functions*t

of

Specific

L

weight

CH4 , by weight

where

Methane Ethane
~ n-Butane n-Pentane Carbon

TOK Q(C2H(l) rdf't'Jj~l~ otr1=fl Q(C5H12) 'J in;)' Monoxide yaK
'. .v, .Q(CO)

200 0·2439 0·0866 0-0470 0-0689 0·0725 2-9907 0·0088 200
220 0,2517 0, 1046 0·0701 0·0887 0·0910 3-0508 0·0088 220
240 0·2605 0-1231 0·0930 0-1086 0-1100 3·0975 0·0088 240
260 0·2703 0·1420 0·1157 0·1286 0·1294 3·1327 0-0087 260
280 0·2811 0·1612 0·1382 0·1487 0·1491 3·1584 0·0086 280

300 0·2929 0,1806 0·1605 0-1689 0·1690 3-1765 0·0085 300
320 0·3057 0·2001 0·1826 0·1892 0·1890 3·1889 0·0084 320
340 0·3194 0·2197 0·2045 0·2096 0·2091 3,1972 0·0083 340
360 0·3338 0-2395 0-2262 0·2300 0·2294 3·2030 0·0083 360
380 0·3489 0-2594 0·2477 0·2503 0·2495 3·2075 0·0082 380

400 0·3646 0-2792 0·2689 0·2704 0-2694 3-2112 0-0082 400
420 0·3808 0-2989 0·2897 0·2903 0·2891 3·2141 0·0082 420
440 0·3974 0·3184 0-3100 0·3099 0·3085 3·2162 0-0082 440
460 0·4141 0·3375 0·3297 0·3290 0·3274 3·2176 0-0082 460
480 0·4309 0·3562 0·3487 0·3475 0·3456 3·2185 0-0083 480

500 0·4477 0·3744 0·3670 0·3653 0·3631 3·2191 0·0083 500
520 0·4646 0·3922 0·3846 0-3823 0·3798 . 3-2196 0·0084 520
540 0·4814 0·4095 0-4015 0·3986 0·3957 3·2201 0-0084 540
560 0·4980 0·4263 . 0-4178 0·4143 0·4109 3·2206 0·0085 560
580 0·5144 0·4427 0·4336 0·4294 0·4256 3·2212 0·0086 580

600 0·5306 0·4586 0·4489 0·4440 0·4399 3-2220 0-0087 600
620 0·5466 0·4740 0·4637 0·4582 0·4538 3·2230 0·0088 620
640 0·5624 0·4890 0-4781 0·4719 0·4673 3·2243 0-0089 640
660 0·5779 0·5036 0-4920 0·4851 0·4803 3-2259 0-0090 660
680 0·5931 0-5178 0-5054 0·4979 0·4928 3·2278 0·0092 680

700 0·6080 0-5317 0-5184 0·5103 0·5049 3·2300 0-0093 700
720 0·6226 0-5453 0·5310 0·5223 0·5166 3·2325 0-0094 720

. 740 0·6369 0·5585 0·5433 0·5339 0·5279 3·2353 0·0095 740
760 0·6510 0-5714 0·5522 0·5452 0·5389 3·2384 0·0096 760
780 0·6648 0·5839 0·5668 0·5562 0-5496 3·2418 0·0097 780

800 0·6783 0·5961 0·5780 0·5669 0·5600 3·2455 0·0098 800
820 0·6916 0·6080 0-5889 0·5773 0·5701 3-2497 0-0099 820
840 0·7046 0·6196 0·5$96 0·5875 0·5799 3·2545 0-0099 840
860 0'7174 0·6309 0·6100 0·5974 0·5895 3-2598 0·0100 860
880 0·7299 0-6419 0·6201 0·6070 0-5988 3·2655 0-0101 880

900 0·7421 0·6526 0·6300 0·6164 0·6079 3·2716 0-0102 900
920 0·7541 0·6631 0·6396 0·6255 0-6167 3-2780 0·0103 920
940 0·7658 0·6733 0·6489 0·6343 0-6253 3·2847 0·0103 940
960 0·7773 0·6832 0·6580 0·6429 0-6337 3-2917 0-0104 960
980 0-7886 0-6929 0·6669 0-6513 0·6418 3-2990 0·0105 980

* This Table is to be used for mixtures of only_ Use Table 6 for total heat, of combustion products.
t Use () functions (Table 6) for gases (C02, etc.).
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Methane Ethane ~

n-Butane n-Pentane yr , Carbon
T"K Q(CH4) Q(C2Hs) LC:I'1~t\ Ofr_H. _\ OIr... T-T J u~H:J' Monoxide YOK

-6- '01 LV_ o ", Q(CO)

1000 0·7996 0·7023 0·6755 0·6594 0·6496 3-3065 0·0105 10001020 0·8103 0·7115 0·6838 0·6673 0·6572 3-3142 0-0106 10201040 0·8206 0·7204 0·6918 0·6749 0·6645 3·3221 0-0107 10401060 0·8306 0·7291 0·6996 0·6822 0·6716 3·3302 0-0107 10601080 0-8404 0·7376 0·7072 0-6893 0·6785 3·3385 0·0108 1080

noo 0·8500 0·7458 0·7146 0-6963 0-6852 3·3469 0·0108 11001120 0·8595 0·7538 0·7218 0·7032 0·6918 3·3555 0·0109 11201140 0·8688 0·7616 0·7288 0·7099 0·6983 3·3642 0·0109 11401160 0·8779 0·7690 0·7356 0·7165 0·7047 3·3731 0·0110 11601180 0·8868 0·7764 0·7423 0·7229 0·7109 3·3821 0·01I0 1180

1200 0·8955 0·7836 0'7488 0·7291 0·7169 3·3911 0·0110 1200.1220 0·9040 0·7906 0·7551 0·7351 0·7227 3'4002 0-0111 12201240 0·9122 0·7974 0·7613 0·7409 0·7283 3·4093 0·0111 12401260 0·9201 0·8040 0·7673 0·7465 0'7338 3·4185 0·0111 12601280 0·9278 0·8104 0·7732 0·7520 0·7391 3·4278 0·0111 1280

1300 0·9353 0·8166 0'7789 0·7573 0·7443 3·4372 0·0112 13001320 0·9427 0·8227 0·7844 0·7625 0·7493 3·4466 0·0112 13201340 0·9499 0·8287 0·7897 0·7676 0·7542 3·4561 0·0112 1340
1360 0·9570 0·8345 0·7949 0·7725 0'7590 3·4657 0·0112 13601380 0·9638 0·8402 0·7999 0-7773 0-7636 3·4753 0·0112 1380
1400 0·9704 0·8457 0·8048 0·7819 0,7680 3·4850 0-0112 14001420 0·9768 0·8510 0·8095 0,7863 0·7722 3·4948 0·0112 14201440 0·9830 0·8561 0·8141 0·7906 0·7763 3·5046 0·0112 14401460 0·9890 0·8610 0·8186 0·7948 0·7803 3·5145 0·0112 14601480 0·9950 0·8659 0·8230 0·7989 0·7842 3·5243 0·01I2 1480

1500 1·0009 0·8707 0·8272 0·8028 0·7879 3·5341 0·0112 15001520 3·5439 0·0112 15201540 3·5537 0·0112 15401560 3·5635 0·0111 15601580 3·5733 0·0111 1580

1600 3·5831 0·0111 16001620 3·5928 0·0111 16201640 3·6025 0-0110 16401660 3·6121 O·OIIO 16601680 3·6216 0·0110 1680

1700 3·6310 0·0109 17001720 3·6404 0·0109 17201740 3-6497 0·0109 17401760 3·6588 0·0108 17601780 3·6678 0·0108 1780

1800 3·6767 0·0107 18001820 3-6854 0-0107 18201840 3·6939 0·0107 18401860 3·7022 0·0106 18601880 3-7103 0·0106 1880

1900 3·7183 0·0106 19001920 3·7262 0-0106 19201940 3·7340 0-0105 19401960 3·7417 0·0105 19601980 3·7494 0·0105 1980

2000 3·7570 0·0105 2000
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4

D for P Function)*t

M''lfF 'If,,;r "ZIFD j; M''IfJ", '1pair

'If air of air temperature

of

1m etc., of medium by

lVI'F 1 + "Z m = 1 "5:-k"-')m j •

Methane Ethane Propane n·Butane n-Pentane
~

kj ~~:
'0 Monoxide0-8058 -0-0366 -0'3430 -0,5016 -0·5985 TOK

TOK Q(CH4) nil. T-I \ Q(CaHs) Ofr.H J oIC.. H ..\ Q(H~) ~~g6f.v, u

200 6·776 1·085 -1-128 -2,348 -3-114 80-039 0·536 200
220 6·919 1-147 -1·089 -2,301 -3-067 81·868 0·542 220
240 7-056 1·212 -1-042 -2-247 -3,015 83·560 0·547 240
260 7-188 1·280 -0-988 -2,187 -2·953 85·140 0·551 260
280 7·316 1·351 -0-928 -2·122 -2·888 86·619 0·555 280

300 7·441 1·425 -0,863 -2,053 -2,819 88·006 0·559 300
320 7·564 1·502 -0'794 1·981 -2,747 89·309 0·563 320
340 7·685 1·582 -0'721 1·905 -2,671 90·536 0·566 340
360 7·804 1·665 -0,643 1·825 -2·591 91·694 0·569 360
380 7·92i 1·751 -0·561 1·742 -2·508 92-791 0·572 380

400 8·036 1·839 -0,476 1·657 -2'423 93-833 0·575 400
420 8-150 1·928 -0,389 -1,570 -2·337 94·827 0-578 420
440 8·264 2·018 -0·301 -1,481 -2·249 95·776 0·580 440
460 8·378 2-ll0 -0,211 -1,391 -2·160 96·684 0·582 460
480 8·491 2·203 -0,120 1·300 -2·070 97·553 0·584 480

500 8·604 2·297 -0,028 1·208 -1·979 98·386 0·586 500
520 8·717 2·392 -0,065 1·115 -1·887 99·186 0·588 520
540 8·830 2·488 +0-158 -1·022 1·795 99·955 0·590 540
560 8·943 2·584 0·252 -0,929 -1'702 100·697 0·592 560
580 9·056 2·681 0·346 -0,836 1·609 101·413 0·594 580

600 9·169 2·778 0·441 -0'742 -1-516 102·105 0·596 600
620 9·282 2·876 0·536 -0·648 -1·423 102·774 0·598 620
640 9·394 2·974 0·631 -0'555 -1·331 103·421 0·600 640
660 9·505 3·072 0·726 -0'462 1·239 . 104·049 0·601 660
680 9·616 3·169 0·820 -0,369 -1,147 104·660 0·603 680

700 9·726 3·266 0·914 -0,276 1·055 105·254 0·605 700
720 9·836 3·362 1·008 -0,184 -0-964 105·832 0·607 720
740 9·945 3·458 1·101 -0-092 -0,874 106·395 0·608 740
760 10·034 3·553 1·194 -0·001 -0,784 106·943 0·610 760
780 10·162 3·648 1·287 +0·091 -0·694 107·477 0·611 780

800 10·267 3·743 1·379 0·181 -0,605 107·998 0·613 800
820 10·376 3·837 1·471 0·271 -0-516 108·507 0·615 820
840 10·482 3·931 1·562 0·360 -0-428 109·004 0·616 840
860 10·587 4·024 1-653 0·448 -0·341 109·489 0·618 860
880 10·692 4·116 1·743 0·536 -0'255 109·963 0·619 880

900 10·797 4·208 1·832 0·623 -0·169 110·427 0·620 900
920 10·901 4·300 1·921 0·710 -0,083 110·882 0·622 920
940 1I ·004 4·391 2·009 0·796 +0·002 111·329 0·623 940
960 11 ·107 4·481 2·096 0·881 0·086 111'768 0·624 960
980 11·209 4·571 2· 183 0·965 0·169 112·199 0·626 980

* This Table is to be used for mixtures of only. Use Table 7 for total heat of combustion .,....,."rln .... tc

t Use () functions (Table 7) for gases (C02, N2J



TARLE II j

Methane Ethane Propane n-Butane n-Pentane Hydrogen Carbon
0·8058 -0'0366 -0'3430 -0,5016 -0,5985 13·3695 Monoxide TOR
Q(CH4} Q(CHJ £I (Cg:Hg) mr..H j Ofru \ o·

• "u. " "M Q(CO)

1000 11·311 4·660 2·269 1·049 0·252 112·623 0·627 10001020 11·412 4·749 2·355 1·132 0·334 113·039 0·629 1020
1040 11·512 4·837 2·440 1·215 0·415 113·448 0·630 10401060 11· 612 4·924 2·524 1·297 0·496 113·850 0·631 10601080 11·711 5·010 2·607 1·378 0·576 114·246 0·632 1080

1100 11·809 5·096 2·690 1·458 0·655 114·635 0·634 1100
1120 11·907 5·182 2·773 1·538 0·733 115·017 0·635 1120
1140 12·004 5·267 2·855 1·617 0·811 115·393 0·636 1140
1160 12·100 5·351 2·936 1·693 0·888 115·763 0·638 1160
1180 12·195 5·434 3·016 1·773 0·965 116·128 0·639 1180

1200 12·290 5·517 3·095 1·850 1·401 116·489 0·640 12001220 12·385 5·600 3·174 1·926 1·116 116·845 0·641 1220
1240 12·479 5·682 3·252 2·002 1·190 117 ·195 0·642 1240
1260 12·572 5·763 3·330 2·078 1·264 117 542 0·643 12601280 12·664 5·844 3·407 2·153 1·338 117·884 0·644 1280

1300 12·755 5·924 3·484 2·227 1·411 118·222 0·645 13001320 12·846 6·004 3·560 2·301 1·484 118·555 0·647 1320
1340 12·936 6·083 3·635 2·374 1·556 118·884 0·648 13401360 13·025 6·161 3·709 2·446 1·627 119·209 ·0·649 13601380 13·113 6·238 3·782 2·517 1·697 119·530 0·650 1380

1400 13·201 6·314 3·854 2·587 1·766 119·848 0·651 1400
1420 13·288 6·389 3·925 2·656 1·834 120·162 0·652 14201440 13·375 ,6,464 3·995 2·725 1·901 120·473 0·653 14401460 13·463 6·539 4·065 2·794 1·968 120·780 0·654 14601480 13·550 6·614 4·135 2·862 2·036 121·083 0·655 1480

1500 13·636 6·689 4·205 2· 2·104 121·382 0·656 15001520 121·678 0·656 1520
1540 121·971 0·657 1540
1560 122·262 0·658 1560
1580 122·251 0·659 1580

1600 122·837 0·660 1600
1620 123·120 0·661 1620
1640 123·400 0·662 1640
1660 123·677 0·662 1660
1680 123·952 0·663 . 1680

1700 124·224 0·664 1700
1720 124·494 0·665 1720
1740 124·762 0·666 1740
1760 125-027 0·666 17601780 125·290 0·667 1780

1800 125·550 0·668 1800
1820 125·807 0·669 18201840 126·062 0·670 18401860 126·315 0·670 1860
1880 126·566 0'671 1880

1900 126·815 0·672 19001920 127·062 0·672 19201940 127·307 0·673 1940
1960 127·550 0·674 19601980 . 127·791 0·675 1980

2000 128·029 0·675 2000



Total Heat () Functions

o,~, etc. carbon, hVldrclgeJrr, ()~)(V!Jrf'.n_ etc., cOIlterlt

...)

SUl)D(lrtIn/l medium by weight

+ ...) 1
l+q

attenrrnexature TOR

hVIJ.rCH!e:n. oxygen,

q fuel/medium ratio

TOR 00 Os 0002* roK

200 -44,5 393·1 4·5 1·8 40·2 40·0 15·4 200
220 -47,9 432·8 5·0 2·0 43·7 44·0 16·7 220
240 -50·8 472·6 -5·5 2·2 - 47·2 48·1 17·8 240
260 -53,3 512·4 - 5·9 2·3 - 50·7 52·2 -18·8 260
280 -55·5 552·3 - 6·3 2·5 - 54·2 56·3 19·7 280

300 -57·4 592·3 6·7 2·7 57·6 60·4 -20·5 300
320 ~58'9 632·3 7·1 2·8 60·8 64·5 -21,2 320

340 -60·1 672·4 7·5 3·0 63·8 68·6 -21·8 340
360 -61·1 712·6 7·9 3·2 66·7 72·8 -22·3 360
380 -61·9 753·0 - 8·3 3·3 - 69·6 77·0 -22·8 380

400 -62·4 793·6 8·7 3·5 - 72·5 81·2 -23·2 400
420 -62,7 834·4 g·O 3·6 - 75·4 85·4 -23,5 420
440 -62'7 875·4 9'3 3·7 78·2 89·7 -23,8 440
460 -62,5 916·6 9'6 3'9 80·9 94·0 -24,0 460
480 -62·2 957·9 9·9 4·0 83·5 98·4 -24·1 480

500 -61·8 999·4 -10,2 4·1 - 86·1 102·8 -24·2 ' 500

520 -61·3 1041·1 -10,4 4·3 - 88·7 107·3 -24·3 520
540 -60,7 1083·0 -10,6 4·4 I 91 111·8 -24,3 540
560 -59'9 1125·2 10·8 4·5 93 116·3 --:24·3 560
580 -59,0 1167·7 11·1 4·6 - 96·4 120·8 -24,2 580

600 -58·0 1210·6 -11·4
I

4·8 98·9 125·4 -24,1 600
620 -56,9 1253-8 -11·6 4·9 -101·4 130·0 . -24-0 620
640 -55,7 1297-3 11·8 5-0 -103,9 134·7 -23·8 640
660 -54·5 1341·1 -12,0 5·1 -106·4 139-4 -23·6 660
680 -53,2 1385·2 12·2 5-2 -108·9 144·2 -23,4 680

700 -51·8 1429·6 -12·4 5·3 111·4 149·0 -23,2 700
720 -50'3 1474·4 12·6 5·4 113·9 153·8 -22·9 720
740 -48,7 1519·6 12·8 5·5 116·4 158·7 -22·6 740
760 -47·0 1565·2 -13·0 5·7 118·9 163·6 -22-3 760
780 -45,3 1611·2 -13,2 5·8 -121,4 168·5 -22·0 780

800 -43,5 1657·6 -13,5 5·9 -123·9 173·5 -21·7 800
820 -41'7 1704·4 13·7 6·0 126·4 178·5 -21,4 820
840 -39,8 1751·6 13·9 6·1 -128·9 183·6 -21,0 840
860 -37·9 1799·2 -14,1 6·2 131·4 188·8 -20·6 860
880 -35,9 1847·2 -14·3 6·3 -133·9 194·0 -20·2 880

900 -33·9 1895·7 -14·5 6·5 -136,4 199·2 -19·8 900
920 -31,8 1944·6 14·8 6·6 -138,9 204·5 -19,4 920
940 -29·6 1994·0 15·0 6·7 -141,5 209·8 -19-0 940
960 -27,4 2043·8 15·2 6·8 144·1 215·2 18·6 960
980 -25,2 2094·1 -15,5 6'9 146·7 220·6 18·2 980,

* [J functions also.



.... ~ "-'-'~~.LJ. 5-continued

TOR I 00 00* Os 8002* TOR

1000 -22,9 2144·9 -15,7 7·1 149·3 226·1 -17,7 1000
1020 -20,6 2196·2 15·9 7·2 151·9 231·6 -17'2 1020
1040 -18'3 2248·0 -16,2 7·3 -154,5 237·2 16·7 1040
1060 -15·9 2300·2 -16,5 7·5 -157,1 242·8 16·2 1060
1080 13·5 2352·9 16·7 7·6 159·7 248·5 -15·8 1080

1100 11·0 2406-1 -17·0 7·7 -162-3 254·2 -15,3 1100
1120 - 8·5 2459·8 -17,3 7·9 -165,0 260·0 -14-8. 1120
1140 5·9 2514·0 17·5 8·0 167·7 265·8 -14'3 11401160 3·3 2568·7 -17,8 8-1 -170,4 271·6 -13,8 1160
1180 - 0·7 2623·9 -18,1 8·3 173·1 277·5 13·3 1180

1200 + 1·9 2679·5 18·4 8·5 -175,8 283·5 -12'8 12001220 4·5 2735·6 -18'7 8·6 -178,5 289·5 -12,3 12201240 7·2 2792·1 -18,9 8·7 181·2 295·6 11·8 . 1240
1260 9·9 2849·1 19·2 8·9 183·9 301·7 -11'2 12601280 12·6 2906·6 19·5 9·0 --186,6 307·9 -10·7 1280

1300 15·4 2964·5 -19'8 9·2 189·3 314·1 10·2 13001320 18·2 3022·9 -20,1 9·3 192·0 320·4 9·7 13201340 21·0 3081·8 -20,4 9·5 -194,8 326·7 - 9·2 13401360 23·8 3141·1 -20'7 9·6 197·6 333·1 8·6 13601380 26·6 3200·8 -21·1 9·8 -200,4 339·5 8·1 1380

1400 29·4 3261·0 -21·4 9·9 -203,2 345·9 - 7·6 14001420 32·3 3321·6 -21,7 10·1 -206,0 352·4 7·0 14201440 35·2 3382·6 -22·1 10·2 -208·8 359·0 6·4 14401460 38·1 3444·0 -22'4 10·4 -211'6 365·6 - 5·8 14601480 41·0 3505·8 -22'7 10·6 -214,4 372·2 - 5·2 1480

1500 44·0
I

3568·0 -23,0 10·7 -217,3 378·9 - 4·7 15001520 47·0 3630·6 -23,4 10·9 -220'2 385·6 - 4·1 15201540 50·0 3693·7 -23,7 11·0 -223'1 392·3 - 3·5 15401560 53·0 3757·2 -24,0 11·2 -226,0 399·1 2·9 15601580 56·0 3821·0 -24·3 11·4 -228,9 406·0 2·4 1580

1600 59·0 3885·1 -24,7 11·5 -231,8 412·9 1·8 16001620 62·0 3949·6 -25,0 11·7 -234·7 419·8 1·2 1620
1640 65·0 4014·5 -25·3 11·9 -237,6 426·8 - 0·6 1640
1660 68·0 4079·7 -25,7 12·0 -240,6 433·8 + 0·0 1660
1680 71·0 4145·2 -26,0 12·2 -243,6 440·8 0·6 1680

1700 74·1 4211·1 -26·3 12·4 -246,6 447·9 1·1 1700
1720 77·2 4277·3 -26,7 12·5 -249,6 455·0 1·7 17201740 80·3 4343·9 -27,0 12·6 -252'6 462·1 2·3 17401760 83·4 4410·8 -27·4 12·8 -255·6 469·3 2·9 17601780 86·5 4478·0 -27,7 13·0 -258·6 476·5 3·5 1780

1800 89·6 4545·5 -28,0 13·2 -261,6 483·8 4·1 18001820 92·7 4613·3 -28·4 13·4 -264'6 491·1 4·7 18201840 95·8 4681·4 -28,7 13·6 -267,6 498·4 5·3 18401860 98·9 4749·8 -29,0 13·7 -270'6 505·7 5·9 1860
1880 102·0 4818·5 -29·4 13·9 -273,7 513 ·1 6·5 1880

1900 105·1 4887·5 -29,7 14·0 -276,8 520·5 7·1 19001920 108·2 4956·7 -30,1 14·2 -279,9 528·0 7·7 19201940 111·4 5026·2 -30,4 14·4 -282,9 535·5 8·3 19401960 114·5 5095·9 -30'8 14·5 -285'9 543·0 8·9 1960
1980 117·6 5165·9 -31,1 14'7 -289,0 550·5 9·5 1980

2000 +120'7 5236·2 -31,4 14·9 -292'1 558·1 ·1 2000

* Q functions also.
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8

SU,\=lpo:rtlrlg mledlum by weight

o",(Jo - ..)

by weIght

- - -)Cp = Cpa;r +
where Cpair ---:- specific

HF} OF, etc. = carbon,

em, H,,,} 0"" etc_ = carbon, hv~drc,e-e:n. oxve-ell_

q = fueJJmE~dium

TOR eo 88 Ocoz'* TOR

200 -0-1751 1-9840 -0-0220 0-0088 -0-1870 0-2025 -0·0637 200
220 -0-1549 1·9864 -0,0220 0·0088 -0-1811 0-2028 -0·0585 220
240 -0-1356 1·9889 -0-0218 0-0087 -0-1755 0-2032 -0-0532 240
260 -0-1172 1·9916 -0-0215 0-0086 -0,1702 0-2037 -0-0479 260
280 -0·0997 1-9947 -0,0211 0-0085 -0-1653 0·2044 -0-0428 280

300 -0,0832 1·9985 -0,0206 0-0084 -0,1607 0·2052 -0-0379 300
320 -0·0679 2·0033 -0,0201 0-0082 -0'1564 0-2062 -0,0332 320
340 -0·0538 ·2-0092 -0·0195 0-0080 -0-1524 0-2074 -0,0288 340
360 -0·0409 2-0160 -0·0188 0-0078 -0,1487 0·2088 -0-0248 360
380 -0,0291 2-0236 -0-0180 0·0076 -0,1453 0·2104 -0-0211 380

400 -0-0184 2·0319 -0·0172 0·0074 -0,1422 0·2121 -0-0177 400
420 -0,0087 2·0408 -0-0165 0·0072 -0-1394 0-2138 -0-0145 420
440 +0-0002 2·0503 -0·0158 0-0070 -0-1369 0-2155 -0-0115 440
460 0-0084 2-0605 -0-0151 0-0068 -0-1347 0-2172 -0-0087 460
480 0-0160 2-0714 -0·0144 0-0066 -0-1328 0-2190 -0-0061 480

500 0-0230 2-0830 -0-0137 0-0064 -0-1312 0-2209 -0-0037 500
520 0-0296 2-0953 -0-0131 0-0062 -0-1298 0-2228 -0-0015 520
540 0-0358 2-1082 -0-0126 0-0061 -0-1286 0-2247 +0-0006 540
560 0-0416 2-1218 -0-0122 0-0060 -0-1276 0·2266 0025 560
580 0-0471 2·1360 -0-0118 0-0059 -0-1268 0-2286 0-0043 580

600 0-0523 2-1508 -0-0114 0-0058 -0-1261 0-2306 0·0060 600
620 0-0571 2-1662 -0-0111 0-0057 -0-1255 0-2326 0-0075 620
640 0-0616 2-1821 -0-0108 0-0056 -0-1249 0·2346 0·0089 640
660 0-0658 2·1985 -0-0106 0-0056 -0-1244 0-2366 0-0102 660
680 0-0698 2-2154 -0-0105 0-0056 -0-1241 0·2386 0-0114 680

700 0-0736 2-2328 -0-0104 0-0056 -0·1240 0-2406 0-0125 700
720 0-0773 2-2508 -0-0104 0-0056 -0·1241 0-2427 0-0135 720
740 0-0808 2-2694 -0-0104 0-0056 -0-1243 0·2448 0-0145 740
760 0-0842 2-2886 -0-0105 0-0056 -0-1245 0-2469 0-0154 760
780 0-0874 2-3084 -0·0105 0-0057 ~0-1247 0-2490 0-0162 780

800 0-0905 2-3288 ~0-0106 0-0057 -0-1250 0-2512 0·0170 800
820 0-0934 2-3497 -0-0107 0-0058 -0-1254 0-2534 0-0178 820
840 0-0962 2-3710 -0-0108 0-0058 -0-1258 0-2557 0-0185 840
860 0-0989 2-3927 -0-0109 0·0059 -0-1262 0-2580 0-0191 860
~80 0-1015 2·4147 -0-0110 0-0059 -0,1267 0-2603 0·0197 880

900 0·1040 2·4370 -0-0112 0-0060 -0,1272 0-2627 0-0203 900
0-1064 2·4597 -0-0113 0-0060 -0-1278 0·2651 0-0208 920
0-1087 2-4828 -0-0114 0·0061 -0-1283 0·2676 0-0213 940

960 0·1109 2-5063 -0-0116 0·0062 -0-1289 0·2701 0-0217 960
980 1130 2-5301 -0-0119 0·0063 I -0-1294 0·2726 ·0221 980

'* Q functions also_
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r1.J..JL_L:.. 6-continued

YOK eo en e * elJ ()coz'
YOKN

1000 0-1151 2·5542 -0-0121 0-0064 -0,1300 0-2751 0-0225 1000
1020 0-1171 2-5785 -0-0124 0-0065 -0,1305 0·2776 0-0229 1020
1040 0-1190 2-6029 -0-0126 0-0065 -0-1310 0-2801 0-0233 1040
1060 0-1209 2-6273 -0-0128 0-0066 -0'1316 0·2826 0-0237 1060
1080 0-1227 2-6517 -0-0131 0·0067 -0-1321 0-2851 0·0240 1080

1100 0-1245 2-6760 -0-0133 0-0068 -0-1327 0-2876 0-0243 1100
1120 0-1262 2-7002 ' . -0-0136 0-0069 ·-0-1332 0-2901 0-2460 1120
1140 0-1278 2-7243 -0-0138 0-0070 -0-1337 0-2926 0-0249 1140
1160 0-1293 2-7483 -0-0140 0-0070 -0-1342 0-2951 0-0251 1160
1180 0-1307 2-7722 -0-0142 0-0071 -0-1348 0-2976 0-0254 1180

1200 0-1321 2-7960 -0-0144 0-0072 -0-1353 0-3001 0-0257 1200
1220 0-1334 2-8197 -0-0145 0-0072 -0-1359 0-3026 0-0260 1220
1240 0-1347 2-8432 -0-0146 0-0073 -0-1364 0-3051 0-0262 1240
1260 0-1360 2-8665 -0-0148 0-0073 -0-1369 0·3076 0-0264 1260
1280 0-1373 2-8896 -0-0149 0·0074 -0,1374 0·3101 0-0266 1280

1300 0-1385 2-9125 -0-0151 0-0074 -0-1379 0·3126 0-0268 1300
1320 0-1397 2-9352 -0-0152 0-0075 -0-1384 0·3150 0-0270 1320
1340 0·1408 2-9577 -0-0154 0-0075 -0-1389 0·3174 0-0272 1340
1360 0-1419 2-9800 -0-0155 0-0076 -0-1394 0-3197 0-0274 1360
1380 0-1429 3-0021 -0-0157 0-0076 -0-1399 0-3220 0-0276 1380

1400 0-1439 3-0239 -0-0158 0-0077 -0-1403 0-3243 0-0278 1400
1420 0-1448 3-0454 -0-0159 0-0077 -0-1408 0·3266 0-0279 1420
1440 0-1457 3-0665 -0-0160 0-0078 -0'1413 0-3289 0-0280 1440
1460 0·1466 3-0872 -0-0162 0-0078 -0- 0-3311 0-0282 1460
1480 0-1474 3-1075 -0-0163 0·0079 -0- 0-3333 0-0284 1480

1500 0-1482 3-1275 -0-0164 0-0079 -0-1429 0·3354 0-0285 1500
1520 0-1489 3-1472 -0,0164 0·0080 -0-1434 0-3375 0-0286 1520
1540 0-1496 3-1666 -0-0165 0-0080 -0-1439 0-3396 0-0288 1540
1560 0·1502 3-1856 -0-0166 0-0080 -0,1444 0·3417 0-0289 1560
1580 0-150S 3-2042 -0-0167 0-0081 -0-1449 0·3437 0-0290 1580

1600 0- 3-2225 -0-0168 0-0081 -0-1454 0-3457 0-0291 1600
1620 0- 3-2405 -0-0168 0-0081 -0-1459 ·0-3477 0-0292 1620
1640 O· 3·2582 -0-0169 0-0082 -0-1464 0-3496 0-0293 1640
1660 0- 3·2756 -0-0169 0-0082 -0-1468 0-3515 0-0294 1660
1680 0-1533 3-2928 -0-0170 0·0082 -0-1473 0-3534 0-0295 1680

1700 0-1537 3-3097 -0-0170 0·0082 -0-1478 0-3553 0-0296 1700
1720 0-1541 3-3263 -0-0170 0-0082 -0-1482 0-3571 0-0296 1720
1740 0-1544 3-3427 -0-0170 0-0083 -0-1486 0-3589 0-0297 1740
1760 0-1547 3-3589 -0-0171 0-0083 -0-1490 0-3607 0-0298 1760
1780 0'.1550 3·3748 -0-0171 0-0083 -0-1495 0-3625 0-0299 1780

1800 0·1553 3·3904 -0-0171 0·0083 -0-1499 0·3642 0-0300 1800
1820 0-1555 3-4056 -0-0171 0-0083 -0-1504 0-3659 0-0300 1820
1840 0-1557 3-4205 -0-0171 0·0083 -0-1509 0·3676 0·0301 1840
1860 0·1559 3-4351 -0-0171 0-0083 -0-1514 0-3693 0-0301 1860
1880 0·1560 3-4495 -0-0170 0-0083 -0-1519 0-3709 0-0302 1880

1900 0-1561 3·4636 -0-0170 0-0083 -0-1524 0-3725 0-0302 1900
1920 0-1561 3-4774 -0-0170 0-0082 -0-1529 0·3741 0-0303 1920
1940 0-1561 3-4910 -0-0169 0-0082 -0-1534 0·3756 0-0303 1940
1960 0-1561 3-5043 -0-0169 0-0082 -0-1539 0-3771 0-0303 1960
1980 0-1561 3·5173 -0-0168 0-0082 -0-1544 0-3786 0-0304 1980

2000 0-1561 3-5301 -0-0168 0-0082 -0-1549 0-3801 0-0304 2000

* Q functions also_
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etc.) of fuel by weie-ht
content supporting m€~dil1m by

TABLE 7

fJ F~mctions for 1p (Entropy F~tjrzctt;on)

HFfJH

q

M'

M'1p

1 + q F a .. .
l+q

...

ko kR
-0,0947

kN ks
0-6080 -~<~;418-1·000 6·1848 0·0340 1·000

TOK flo OK 00* 88 Ow* flC0
2* roK

200 -8·718 49-526 -0-381 0-188 -7-637 5·204 -2,656 200
220 -8·816 50·729 -0-394 0·194 -7-749 5-325 -2-692 220
240 -8·897 51·824 -0-406 0·199 -7,848 5·437 -2,723 240
260 -8,963 52-831 -0,417 0-203 -7·936 5·541 -2-749 260
280 -9-015 53·766 -0-427 0·207 015 5·637 -2-771 280

300 -9,056 54·638 -0·436 0·211 -8-085 5·726 -2,789 300
320 -9-087 55·455 -0,445 0·215 -8·148 5·810 -2·803 320
340 -9·110 56·224 -0-453 0·218 -8·204 5·889 -2·814 340
360 -9,127 56·952 -0,460 0·221 -8-255 5·964 -2·823 360
380 -9,138 57·644 -0·466 0·223 -8·302 6·036 -2·831 380

400 -9·145 58·304 -0,472 0·225 -8·346 6·105 -2·838 400
420 -9·149 58·935 -0·477 0·227 -8,388 6·171 -2,843 420
440 -9-150 59-539 -0-482 0·230 -8,428 6·234 -2,847 440
460 -9,149 60·118 -0-486 0·232 -8·466 6·295 -2'850 460
480 -9,146 60·674 -0-490 0·234 -8·502 6·354 -2,852 480

500 -9·141 61·210 -0·494 0-236 -8·535 6·411 -2,853 500
520 -9,135 61-728 -0-497 0·237 -8·566 6·466 -2-854 520
540 -9·127 62·230 -0,500 0·238 -8,595 6-520 -2·854 540
560 -9,118 62·717 -0,503 0·240 -8,623 6·572 -2-854 560
580 -9·108 63·190 -0·506 0·241 -8·649 6·622 -2,853 580

600 -9·097 63·650 -0,508 0·242 -8·674 6·671 -2·851 600
620 -9-085 64·098 -0·510 0·244 -8,698 6·719 -2·849 620
640 -9·073 64·535 -0,512 0·245 -8,721 6·766 -2·847 640
660 -9-061 64·962 -0,514 0·246 -8,744 6·812 -2·845 660
680 -9·048 65·379 -0,516 0·247 -8·767 6·857 -2·843 680

700 -9·035 65·787 -0'518 0·248 -8,789 6·901 -2·841 700
720 -9·022 66·187 -0-520 0·249 -8·810 6·944 -2·839 720
740 -9-008 66·580 -0,522 0·250 -8·831 6-986 -2·837 740
760 -8-994 66·966 -0-524 0·251 -8,851 7·028 -2·835 760
780 . -8·980 67·345 -0'526 0-252 -8·871 7·069 -2·833 780

800 -8·966 67-717 -0,527 0·253 -8·890 7·109 -2·831 800
820 -8·952 68·083 -0· 0·254 -8·909 7·148 -2·828 820
840 -8,938 68·443 -0,530 0·255 -8·928 7·187 -2·825 840
860 -8,923 68·798 -0-532 0·255 -8·947 7·225 -2,822 860
880 -8·908 69·148 -0-534 0·256 -8,965 7-263 -2·819 880

900 -8-893 69-493 -0·535 0·257 -8·983 7·301 -2·816 900
920 -8·878 69·834 -0,537 0·258 -9,000 7·338 -2,813 920
940 -8,863 70·172 -0-539 0·259 -9,017 7·374 -2,810 940
960 -8·849 70·506 -0-540 0-260 -9,034 7·410 -2·807 960
980 -8·834 70·836 -0-541 0-260 -9·050 7·446 -2-804 980

* Q functions also.
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TABLE 7-continued

8 *we *Ne*o

1000 -8,819 71·162

I

..,-0·543 0·261 -9,065 7·481 -2,802 1000
1020 -8·804 71·484 -0·545 0·262 -9'081 7·516 -2'799 1020
1040 -8,789 71·803 -0'546 0·263 -9'097 7·550 -2'796 1040
1060 -8'775 72·119 -0'548 0·264 -9,112 7·584 -2,793 1060
1080 -8,761 72·432 -0,550 0·265 -9,127 7·618 -2'790 ·1080

1100 -8,747 72·742 -0,551 0·265 -9·142 7·651 -2'787 1100
1120 -8,733 73·049 -0·553 0·266 -9'157 7·684 -2'785 1120
1140 -8'719 73·354 -0,554 0·267 -9,171 7·717 -2'782 1140
1160 -8,705 73·656 -0,556 0·268 -9'185 7·749 -2'779 1160
1180 -8·691 73·955 -0'5;'?7 0·268 -9,199 7·781 -2'776 1180

1200 -8'677 74·251 -0'559 0·269 -9,213 7·813 -2'774 1200
1220 -8·663 74·545 -0·560 0·270 -9'227 7·844 -2'771 1220
1240 -8·649 74·837 -0'562 0·271 -9,241 7·875 -2,768 1240
1260 -8·635 75·127 -0'563 0·271 -9'255 7·906 -2,766 1260
1280 -8·621 75·415 -0'565 0·272 -9,268 7·937 -2'763 1280

1300 -8'607 75·700 -0·566 0·273 -9'281 7·968 -2,760 1300
1320 -8,594 75·983 -0·568 0·274 -9·294 7·998 -2·758 1320
1340 -8'581 76·264 --0,569 0·274 -9,307 8·028 -2·755 1340
1360 -8,568 76·543 -0'570 0·275 -9,320 8·058 -2'752 1360
1380 -8'555 76·820 -0,572 0·276 -9,333 8·088 -2'750 1380

1400 -8'542 77·096 -0,573 0·277 -9,346 8·118 -2,747 1400
1420 -8'529 77·370 -0·575 0·277 -9'359

I

8·148 -2,745 1420
1440 -8,516 77·642 -0,576 0·278 -9·371 8·177 -2,743 1440
1460 -8,503 77·912 -0·577 0·279 -9,383 8·206 -2'740 1460
1480 -8·490 78·180 -0,579 0·279 -9'395 8·234 -2,738 1480

1500 -8,477 78·445 -0,580 0·280 -9,407 8·262 -2,735 1500
1520 -8'465 78·708 -0·582 0·281 -9,419 8·290 -2'733 1520
1540 -8,453 78·969 -0,583 0·281 -9·431 8·318 -2'731 1540
1560 -8'441 79·228 -0·584 0·282 -9,443 8·346 -2'728 1560
1580 -8,429 79·486 -0,586 0·282 -9·454 8·374 -2·726 1580

1600 -8·416 79·743 -0,587 0·283 -9'465 8·402 -2,724 1600·
1620 -8·404 79·998 -0,588 0·284 -9'476 8·429 -2,721 1620
1640 -8'392 80·251 -0,590 0·284 -9·487 8·456 -2,719 1640
1660 -8'380 80·502 -0,591 0·285 -9'498 8·483 -2,717 1660
1680 -8'368 80·752 -0,592 0·286 -9·509 8·510 -2,715 1680

1700 -8·357 81·000 -0,594 0·286 -9'520 8·537 -2'71~l 1700
1720 -8,346 81·247 -0'595 0·287 -9,531 8·563 -2·710 1720
1740 -8,335 81·492 -0'596 0·287 -9,542 8·589 -2'708 1740
1760 -8,324 81·735 -0,597 0·288 -9,553 8·615 -2'706 1760
1780 -8'313 81·976 -0-599 0·289 -9'564 8·641 -2'704 1780

1800 -8,301 82·215 -0,600 0·289 -9,574 8·667 -2,702 1800
1820 -8'290 82·453 -0,601 0·290 -9,584 8·693 -2,700 1820
1840 -8,279 82·690 -0,602 0·290 -9,594 8·718 -2,698 1840
1860 -8,269 82·926 -0,604 0·291 -9,604 8·744 -2·696 1860
1880 -8'258 83·161 -0'605 0·291 -9'614 8·769 -2·694 1880

1900 -8,248 83·394 -0,606 0·292 -9'624 8·794 -2,692 ·1900
1920 -8'238 83·625 -0,607 0·293 -9,634 8·819 -2'690 1920
1940 -8,228 83·854 -0,608 0·293 -9'644 8·843 -2,687 1940
1960 -8'218 84·082 -0,609 0·294 -9·654 8·868 -2·685 1960
1980 -8,208 84·309 -0,610 0·295 --:9·664 8·892 -2·683 1980

2000 -8,197 84·534 I -0'611 0·295 -9·674 8·917 -2·681 2000

* Q functions also.
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Effective

n...lJ.LJ,u 8

() Functions

= hp - [Hair] T
288-16

= total heat of dry

= constant pressure reactaJrlt at 288· 16°K (

cOIlte11t of reactant by weight

T°l{ Oe 00 Og Ow 0002 PK

200 11-8 - 175·5 + 2·0 -0-8 ·4 18·0 +4-6 200
220 8·4 - 135·8 1·5 -0,6 1·9 14·0 3·3 220

, 240 5·5 - 96·0 1·0 -0·4 8·4 9·9 2·2 240
260 3-0 56,,2 0-6 -0-3 4·9 5·8 1·2 260
280 + 0·8 16·3 + 0·2 -0·1 1·4 - 1·7 +0·3 280

300 1·1 + 23·7 - 0·2 +0·1 2·0 ..L 2·4 -0·5 300I

320 2·6 63·7 ,- 0·6 0·2 5·2 6·5 -1,2 320
340 3·8 103·8 - 1·0 0·4 8·2 10·6 -1,8 340
360 4·8 144·0 - 1·4 0·6 -11,1 14·8 -2,3 360
380 5·6 184·4 - 1·8 0·7 14·0 19·0 -2·8 380

400 6·1 225·0 - 2·2 O·g -16·9 23·2 -3·2 400
420 6·4 265·8 - 2·5 1·0 19·8 27·4 -3,5 420
440 6·4 306·8 - 2·8 1·1 -22,6 31 7 -3·8 440
460 6·2 348·0 3·1 1·3 -25,3 36·0 -4·0 460
480 5·9 389·3 - 3·4 1·4 -27,9 40·4 -4·1 480

500 5·5 430·8 - 3·7 1·5 -30,5 44·8 -4·2 500
520 5·0 472·5 3·9 1·7 -33,1 49·3 -4·3 520
540 4·4 514·4 - 4·1 1·8 -35,7 53·8 -4,3 540
560 3·6 556·6 - 4·3 1'9 -38·3 58·3 -4,3 560
580 2·7 599·1 4·6 2·0 -40,8 62·8 -4·2 580

600 1·7 642·0 - 4·9 2'2 -43·3 67·4 -4,1 600
620 0·6 685·2 5·1 2·3 -45,8 72·0 -4,0 620
640 + 0·6 728·7 5·3 2·4 -48,3 76·7 -3·8 640
660 1·8 772·5 - 5·5 2·5 -50,8 81·4 -3·6 660
680 3·1 816·6 - 5·7 2·6 -53,3 86·2 -3,4 680

700 4·5 861·0 5·9 2·7 -55,8 91·0 -3,2 700
720 6·0 905·8 - 6·1 2·8 -58,3 95·8 -2·9 720
740 7·6 951·0 6·3 2·9 -60·8 100·7 -2,6 740
760 9·3 996·6 6·5 3·1 -63,3 105·6 -2,3 760
780 11·0 1042·6 - 6·7 3·2 -65,8 110·5 -2·0 780

800 12·8 1089·0 7·0 3·3 -68,3 115·5 1·7 800
820 14·6 1135·8 7·2 3·4 -70,8 120·5 -1,4 820
840 16·5 1183·0 7·4 3·5 -73,3 125·6 1·0 840
860 18·4 1230·6 - 7·6 3·6 -75·8 130·8 -0·6 860
880 20·4 1278·6 7·8 3·7 -78'3 136·0 -0,2 880

900 22·4 1327·1 8·0 3·9 -80,8 141·2 ·2 900
920 24·5 1376·0 - 8·3 4·0 -83·3 146·5 0·6 920
940 26·7 1425·4 8·5 4·1 -85,9 151 8 1·0 940
960 28·9 1475·2 8·7 4·2 -88,5 157·2 1·4 960
980 + 31·1 +1525·5 - g·O +4'3 -91,1 +162·6 ·8 980
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TABLE M-cont'~nUlea

PK eo ()o ()B eOO2
TOR

1000 33·4 1576·3 9·2 4·5 93·7 168·1 2·3 1000
1020 35·7 1627·6 - 9·4 4·6 - 96·3 173·6 2·8 1020
1040 38·0 1679·4 9·7 4·7 98·9 179·2 3·3 1040
1060 40·4 1731·6 10·0 4·9 -101·5 184·8 3·8 1060
1080 42·8 1784·3 -10,2 5·0 -104·1 190·5 4·2 1080

1100 45·3 1837·5 -10·5 5·1 -106'7 196·2 4·7 1100
1120 47·8 1891·2 10·8 5·3 -109,4 202·0 5·2 1120
1140 50·4 1945·4 -11·0 5·4 -112·1 207·8 5·7 1140
1160 53·0 2000·1 11·3 5·5 -114·8 213·6 6·2 1160
1180 55·6 2055·3 -11,6 5·7 -117,5 219·5 6·7 1180

1200 58·2 2110·9 -11·9 5'9 -120,2 225·5 7·2 1200
1220 60·8 2167·0 -12'2 6·0 -122·9 231·5 7·7 1220
1240 63·5 2223·5 -]2·4 6·1 -]25·6 237·6 8·2 1240
1260 66·2 2280·5 -]2·7 6·3 -128,3 243·7 8·8 1260
1280 68·9 2338·0 -13,0 6·4 -131,0 249·9 9·3 1280

1300 71·7 2395·9 -13,3 6·6 -133,7 256·1 9·8 1300
1320 74·5 2454·3 -13,6 6·7 -136,4 262·4 10·3 1320
1340 77·3 2513·2 -13·9 6'9 -139'2 268·7 10·8 1340
1360 80·1 2572·5 -14·2 7·0 -142,0 275·1 11·4 1360
1380 82·9 2632·2 -14,6 7·2 -144·8 281·5 11·9 1380

1400 85·7 2692·4 -14·9 7·3 -147,6 287·9 12·4 1400
1420 88·6 2753·0 -15'2 7·5 -150,4 294·4 13·0 .. 1420
1440 91·5 2814·0 -15,6 7·6 -153,2 301·0 13·6 1440
1460 94·4 2875·4 -15,9 7·8 -156·0 307·6 14·2 1460
1480 97·3 2937·2 ~16'2 8·0 -158·8 314·2 14·8 1480

1500 100·3 2999·4 -16-5 8·1 -161,7 320·9 15·3 1500
1520 103·3 3062·0 -16·9 8·3 -164'6 327·6 15·9 1520
1540 106·3 3125·1 -17,2 8·4 -167,5 334·3 16·4 1540
1560 109·3 3188·6 -17,5 8·6 -170-4 341·1 17·1 1560
1580 112·3 3252·4 -17,8 8·8 173·3 348·0 17·6 1580

1600 115·3 3316·5 -18·2 8'9 -176,2 354·9 18·2 1600
1620 118·3 3381·0 -18'5 9·1 -179,1, 361·8 18·8 1620
1640 121·3 3445·9 -18,8 9·3 -182,0 368·8 19·4 1640
1660 124·3 3511·1 19·2 9·4 185·0 375·8 20·0 1660
1680 127·3 3576·6 -19·5 9·6 -188,0 382·8 20·6 1680

1700 130·4 3642·5 -19·8 9·8 191·0 389·9 21·1 1700
1720 133·5 3708·7 -20,2 9'9 194·0 397·0 21·7 1720
1740 136·6 3775·3 -20,5 10·0 -197·0 404·1 22·3 1740
1760 139·7 3842·2 -20'9 10·2 -200,0 411·3 22·9 1760
1780 142·8 3909·4 -21 2 10·4 -203,0 418·5 23·5 1780

1800 145·9 3976·9 -21,5 10·6 -206,0 425·8 24·1 1800
1820 149·0 4044·7 -22'0 10·8 -209,0 433·1 24·7 1820
1840 152·1 4112·8 -22·2 H·O -212·0 440·4 25·3 1840
1860 155·2 4181·2 -22,5 H·l -215,0 447·7 25·9 1860
1880 158·3 4249·9 -22,9 11·3 -218·1 455·1 26·5 1880

1900 161·4 4318·9 -23,2 11·4 -221,2 462·5 27·1 1900
1920 164·5 4388·1 -23,6 11·6 -224,3 470·0 27·7 1920
1940 167·7 4457·6 -23·9 11·8 -227,3 477·5 28·3 1940
1960 170·8 4527-3 -24,3 11·9 -230,3 485·0 28·9 1960
1980 173·9 4597-3 -24,6 12·1 -233,4 492·5 29·5 1980

2000 177·0 4667-6 -24,9 12·3 -236,5 500·1 I 30·1 2000
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C.H.U.jlb fuel for UllJme;3.sured constituents
C.H.U.flb kerosene.

dlSSO(~la1:ed products

ratio 0·03
I

0-04
I

0·05 0·03
I

0·04
I

0·05 0·03 0·04
I

0·05

'T' oK Pressure = 4·0 Atm Pressure = 1·0 Atm Pressure = 0·25 Atm
~

1400 25 12 5 25 12 5 25 12 5
1600 40 26 18 40 26 18 40 26 18
1800 80 60 40 85 60 40 90 60 40
2000 180 130 96 210 145 98 215 151 105

_.
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10

.lu<:,.J.ja,u ratioq

The Comb~tst£on of Standard Fuel* Dry

f = fair +~- 6/(5), where f and fair are the

aIr

q=

~,

Total heat Entropy Specific Effective calorificrK function heat ee value (C.H.D.jIb)
°'l'(S)

p(S) (IF = lS"C)

200 16·4 -0,610 0·1255 10335·4
220 19·2 -0,528 0·1431 10327·9
240 22·2 -0,446 0·1601 10320·1
260 ·5 -0,362 0·1764 1O~n2'O
280 ·1 -0'276 0·1919 10303·5

300 33·0 -0-188 0-2066 10294·7
320 37-2 -0-100 0·2204 10285·7
340 41·7 -0-013 0-2333 10276·4
360 46·5 +0·073 0·2454 10266·8
380 51·5 0·159 0·2566 10257·0

400 56-8 0-244 0·2670 10246·9
420 62·3 0-328 0·2766 10236·6
440 68-0 0·411 0·2856 10226·1
460 73·8 I 0·493 0-2941 10215 -4
480 79·8 0·574 0-3022 10204·6

500 85·9 0·653 0·3099 10193·6
520 92·1 0·731 0·3173 10182·4
540 98·5 0·807 0·3244 10171·0
560 105·1 0·882 0·3313 10159-5
580

I
111·8 0·956 0·3380 10147·8

600

I
118·6 1·029 0·3444 10136·0

620 125·5 1·101 0·3506 10124·0
640 132·6 1·173 0·3567 10111·9
660 139·8 1·244 0·3626 10099·7
680 147·1 1·313 0·3684 10087·3

700 154·5 1·381 0·3742 10074·7
720 162·0 1·448 0·3799 10062·0
740 169·6 1·514 0·3855 10049·2
760 177·3 1·579 0·3911 10036·3
780 185·2 1·644 0·3966 10023·2

800 193·2 1·708 0·4021 10010·0
820 201·3 1·772 0·4075 9996·7
840 209·5 1·835 0·4129 9983·2
860 217·8 1·897 0·4183 9969·6
880 226·2 1·958 0·4236 9955·9

900 234·7 2·018 0·4288 9942·0
920 243·3 2·078 0·4340 9928'0
940 252·0 2·138 0-4392 9913·9
960 260·8 2·197 0·4444 9899·7
980 269·7 ·256 0·4495 9885·4

* C 0,8608, = Q- hp 10,300 C.H.U.jlb at 15°C.
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(78938)

TABLE lo--continued

Total heat Entropy Specific Effective calorific
T°I{

01l(S)
function heat at) value. (C.H.U.jIb)

JI(S) (Tp = 15"C)

1000 278·8 2·314 0·4546 9870·9
1020 288·0 2·372 0·4597 9856·3
1040 297·3 2-429 0·4647 9841-6
1060 306·6 2-485 0·4697 9826·8
1080 316·0 2·541 0·4747 9811·9

1100 325·5 2·596 0·4796 9796-8
1120 335·1 2·651 0·4844 9781·6
1140 344·8 2·705 0·4892 9766·3

.1160 354·6 2·759 0·4939 9750·9
1180 364·5 2·813 0·4985 9735·4

1200 374·5 2·866 0·5030 9719·8
1220 384·6 2·919 0·5075 9704·1
1240 394·8 2·972 0·5119 9688·3
1260 405·0 3·025 0·5163 9672·4
1280 415·4 3·077 0·5206 9656·4

1300 425·9 3·128 0·5248 9640·3
1320 436·4 3·179 0·5289 9624·1
1340 447·0 3·230 0·5329 9607·8
1360 457·7 3·280 0·5369 9591·4
1380 468·4 3·330 0·5409 9574·9

1400 479·2 3·380 0·5448 9558·3
1420 490·1 3·429 0·5486 9541·7
1440 501·1 3·478 0·5523 9525·0
1460 512·2 3·527 0·5559 9508-2
1480 523·4 3·575 0·5594 9491-3

1500 534·6 3·623 0·5629 9474·3
1520 545·8 3·670 0·5663 9457·2
1540 557·1 3·717 0·5696 9440-1
J560 568·5 3·764 0·5728 9422-9
1580 580-0 3·810 0-5759 9405·6

1600 591·5 3·856 0-5789 9388·3
1620 603·1 3·901 0·5819 9370·9
1640 614·7 3·946 0-5848 9353·4
1660 626·4 3·991 0-5876 9335-8
1680 638·2 4·036 : 0·5904 9318-2

1700 650·0 4·081 0·5931 9300·5
1720 661'9 4·125 0-5957 9282·8
1740 673·8 4·169 0·5983 9265·0
1760 685.-7 4·213 0·6008 9247·2
1780 697-7 4·256 0·6032 9229·3

1800 7119·8 4·299 0-6056 9211-3
1820 721·9 4·341 0-6079 9193·2
1840 734-1 4·383 0·6102 9175·1
1860 746·3 4·425 0·6124 9157·0
1880 758·6 4·467 0·6145 9138·8

1900 770·9 4-509 0·6165 9120·6
1920 783-2 4·550 0·6185 9102-3
1940 795·5 4·591 0·6204 9084·0
1960 807·9 4·631 0-6222 9065·7
1980 820·3 4·671 0-6240

I

9047·3

2000 832·8 4·711 0·6258 9028·9
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TABLE 11

General Flow and Expansion Functions for any Gas

I y y-1

I

2 I J(::}JMer; Iy
1'-1

II

y ')I-

I. -- -

I r-6·7 1·4213 3·374 0·2964 4·748 1·4496·8 1·4125 3·424 0·2920
I

4·848 1·4546·9 1·4041 3·475 0·2878 4·949 1·458

7·0 1·3961

I
3·525 0·2837

I
5·050 1·4627·1 1·3883 3·575 0·2797 5·151 ~·4667·2 1·3809 3·626 0·2758 5·251 1·4707·3 1· 3737 3·676 0·2720 I 5·352 1-4747·4 1·3668 3·726 0·2684 5·453 1·478

7·5 1·3601 3·777 0·2648 5·553 1·481
7·6 1·3537 3·827 0·2613 5·654 1·4857·7 1·3475 3·877 0·2579 5·755 1·4887·8 1'3416 3·928 0·2546 5·856 1·4917·9 1·3358 3·978 0·2514 5·956 1·495

8·0 1·3302 4·028 0·2482 6·057 1·4988·1 1·3248 4·079 0·2452 6·158 1·501
8·2 1·3196 4·129 0,2422 6·258 1·5048·3 1·3145 4·180 0·2393 6·359 1·5078·4 1·3096 4·230 0·2364 6·460 1·510

8·5 1·3049 4·280 0·2336 6·561 1·512
8·6 1·3002 4·331 0·2309 6·661 1·5158·7 1·2958 4·381 0·2283 6·762 1·5188·8 1·2914 4·431 0·2257 i 6·863 1·5208·9 1·2872 4·482 0·2231

I
6·963 1-523

9,0 1·2831 4·532 0·2207 7·064 1-5259·1 1·2791 4·582 0·2182 7·165 1·5279·2 1- 2753 4·633 0-21,59 7·266 1·5309·3 1·2715 4·683 0·2135 7·366 1·5329·4 1 2678 4·733 0·2113 7·467 1-534

9·5 1·2643 4·784 0·2090 7·568 1·5369·6 1·2608 4·834 0·2069 7·668 1·5399·7 1·2574 4·885 0·2047 7·769 1·,541
9·8 1·2541 4·935 0·2026 7·870 1·543g.g 1·2509 4·985 0·2006 7·970 1·545

10·0 1·2478 5·036 0-1986 8·071 1·54710·1 1·2447 5·086 0·1966 8·172 1·54810·2 1·2418 5·1:36 0·1947 8·273 1·550
10·3 1·2389 5·187 0·1928 8·373 1·552
10·4 1·2360 5·237 0·1909 8·474 1·554

10·5 1·2332 5·287 0·1891 8·575 1·55610·6 1·2305 5·338 0·1873 8·675 1·557
10·7 1·2279 5·388 0·1856 8,776 1-559
10·8 1·2253 5·438 0·1839 8·877 1·56110·9 1·2228 5;489 0·1822 8·978 1-562

11·0 1·2203 5·539
,

0·1805 9·078 1-564
11·1 1·2179 5·590 0,1789 9· 1-565

-_.....--------~--------~--
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TABLE l1-continued

1 2 Jy
y y y

.

11·2 1· 2155 5·640 0·1773 9·280 1·567
11·3 1·2132 5·690 0·1757 9·380 1·568
11·4 1·2109 5·741 0·1742 9·481 1·570

11·5 1·2087 5·791 0·1727 9·582 1·571
11·6 1·2066 5·841 0·1712 9·683 1·573
11·7 1·2044 5·892 0·1697 9·783 1·574
11·8 1·2023 5·942 0·1683 9·884 1·576
11·9 1·2003 5·992 0·1669 9·985 1·577

12·0 1·1983 6·043 0·1655 10·085 1·578
12·1 1·1963 6·093 0·1641 10·186 1·579
12·2 1·1944 6·143 0·1628 10·287 1·581
12·3 1·1925 6·194 0·1615 10·388 1·582
12·4 1·1907 6·244 0·1602 10·488 1·583

12·5 1·1889 6·295 0·1589 10·589 1·584
12·6 1·1871 6·345 0·1576 10·690 1·586
12·7 1·1853 6·395 0·1564 10·790 1·587
12·8 1·1836 6·446 0·1551' 10·891 1·588
12·9 1·1820 6·496 0·1539 10·992 1·589

13·0 1·1803 6·546 0·1528 11·093 1·590
13·1 1·1787 6·597 0·1516 11·193 1·591
13·2 1·1771 6·647 0·1504. 11·294 1·592
13·3 1·1755 6·697 0·1493 11·395 1·593
13·4 1·1740 6·748 0·1482 11·495 1·594

13·5 1·1725 6·798 0·1471 1 ·596 1·595
13·6 1·1710 6·848 0·1460 ·697 1·596
13·7 1·1695 6·899 0·1450 11·798 ·1·597
13·8 1·1681 6·949 0·1439 11·898 1·598
13·9 1·1667 6·999 0·1429 11·999 1·599

14·0 1·1653 7·050 0·1418 12·100 1·600
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TEMPERATURE T oK.

FIG. 1. Specific heat at constant pressure of standard fuel I..'UIHUIIl"l.'UH pn:ldllctS.
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TEMPERATURE T ''I<..

FIG. 4. Total heat above OOK of standard.fuel combustion ])r<lducts.

84



c!i
..J

---....
:i
:i
<J

:l:: :J:

!;( t;:
w

'" :J::I;

..I J

i! ;:;
g 0

I-

FIG. 5. Total heat above OOK of standard fuel combustion products.



II>
-'.......
:i
i
U

I
:I:

B !;(
x '"I
.J

-'~ j!Q
I- g

TEMPERATURE T 01<.

FIG. 6. Total heat above OOK of standard fuel combustion products.

86



!:i di- -'
:i -:z: :i
u :i

<)
x :r:
a

~-<:
w w:s: :I:

-' J

;!: ~
~ ~

TEMPERATURE T oK,

FIG. 7. Total heat OaK of standard fuel combustion pnJdtlctS.



FIG. 8. Total heat above OOK of standard fm:1:com.busticm proctuct:s.
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FIG. 12.

RATiO 'j,.

En:trc,py function 'P of standard fuel combustion products.
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EnltrC)py function ?p of standard fuel combustion PfiDdl1CtS.
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FIG. 18.

FUEL / AIR RATIO '/

Enltrc)pv function ~ of standard fuel combustion pnJdl1ctS.
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FIG. 22. Constant-pressure combustion temperature rise.-Standard fuel at 15°C and dry air.
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FIG. 23. Const:ant-preSSUl:e combustion ternp,eratUl:e rise.-Standard fuel at 15°C and dryair.
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FIG. 24.

RATlO 'it

combustion ternp1eratm'e rise.-Standard fuel at 15°C and
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