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On the Generating Rate of Effective Heat by
an Internal Combustion Engine-II.
By
Hiroshi KANAOKA

To make clear the change of heat release rate in accordance with crank angle in the
combustion process of a diesel engine, the author analysed the Franboro indicator diagram
of the C.F.R. engine, in which the compression ratio and the injection amount were
adjusted.

The author then got the following empirical formula on the assumption that heat release
rate (g) was a sum of the values which consisted of an explosive combustion caused by

the ignition lag and 2 smooth continuous normal combustion:

g (0) =ABe~% LBl §

where A, B, «, and /5 are the constants,
And it was found that the calculated results coincided with the observed one in
considerable accuracy, moreover the relationships among the constants and the running

conditions were then analysed.
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Table 1. Summariged data sheet of the running condition of the test engine according to the
fuel injection shown as the fuel handle and compression ratio,

Compression ratio, & 17.98 15. 06 12. 04

Fuel handle scale, FH| 6.4 53 42 31| 6.4 53 42 31 64 53 42 3.1
Fuel injgetlon ele) | 187 2.9 4.14 5.45 1.92 2.9 419 5.5 1.93 3.01 4.21 5.42
Injection Uming T 0™ 65 58 64 7.3| 85 7.0 85 9.6 146 10.7 135 145
Tgnition lag (deg 40 3.9 47 40 7.0 54 56 60128 7.3 123 12.7

Measured data of the
effectirre heat release
(cal/cycle)
Calculated data of the
effective heat release
(cal/cycle)

Exhaust gas
temperature ()

Indicated horse-power
PS

135.6 233.7 281.0 273.4

155.6 266.4 307.3 283.5

230 343 406 382

3.0 51 60 56

140.1 217.8 249.1 246.9

135.0 225.6 259.4 260.7

227 346 387 349

2.5 41 57 51

129.3 205.0 240.2 236.9

155.5 217.5 261.6 251.7

210 309 373 333

2.7 41 51 4.9

(Note) The data of the indicated horse-power were calculated by way of the Farnboro method.
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Fig, 1. Indicator diagram of C.F.R. engine.
(1): Compression ratic 17,98
{2): Compression ratio 15.06
(3): Compression ratio 12,04
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Fig. 2. An illustration of the generating rate of the effective heat g (cal/deg).
Legend; @: Crankangle (deg)
g(8): Sum of f(#) and g(4)
{(6): Generating rate of heat as an explosive combustion
¢(8): Generating rate of heatasa smooth continuous normal combustion
Q,: The integral value of f{8) in one cycle
Q,: The integral value of g(g) in one cycle
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Fig. 3. Generating rate of the effective heat and its experimental formula,
Legend; € : The compression ratio
FH: The fuel handle scale
—— g(8); The measured data
~----¢g(0): The calculated data
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Fig. 4. The characteristics among the constant values of the experimental formula,

a, A: The constant value of the experimental formula (deg), (cal/deg)
B, B: The constant value of the experimental formula (deg), (cal/deg)
C: The fuel injection (10-%2g/cycle) e: The compression ratio

Legend;
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——r e & =1506 b: C=3.0 d: C=5.5
S—G—&— 1 =12.04

— 48 —



WM DA RIS ISR Iz v —T1 . 49

5LCITIIMBRTH L, TabbIEHILOBERIEL WEHES, BEEE 2VEGER (79271
BE) 3 2B, Eize HP—ER 5 IEEHBIZ L > TEABROTRIERSSHNBOTMIL L WEEL 5,

CH2X10~—2 (g/cycle) Te W120BEIIMEEERE (BHE) BE B & OTEREE (25) HizEw s
DEKEBNIERC LY, 2OMOMERIIZ< 25, Ly LIEELH, BEPE - oo S5 5
HAREL 2D, BXEOTRIEREGEFERBIIZ 2V, TEbLHAIEE TOMEMRN L, 2 OME
HOBFBNZ VD RROWIHER K &, KEBEIIETLT, BEEANECAELZE1IE-Ta
FREVWEEZ S,

B D5 (C=2X10"2 g/eycle) EMEEO K & v (6 =18) BAIZMRIEEEREEE 13T 2 A MR
B, EAPELE L REVBIENOEINTIE L A EBN 0BG TRIEBASHEREI DR, T/
NBBEEFRENDIZalZhEWEEL 5,

3-3-2 EGEFHEIPEHACREIIHE

AFEAND B EIVB)IED e R EL BRITHDT 27, CH3X1W0—2g/cyele LI EE 2 hiZCizks
FETD

Zhid e WS IThIZEXFOTTBRERASSHEREFE 2 VBECEBREENAE (B 32 0TH 5,

Clzk3#28134), 6R&Y

G1 :Aa:%

ZORIZBEVTeN~ELLIECHENMIZL - TAB L VaOBLANZ VNI nq, OB IS, T4
HhHEI0RD e, OEAANS W Z EABET 3, 272 LCo %R0 (2X10-2g/eyele) BEITIE a A EL
T572%, e FREW (e=18) BEIZAIZAE L, e p/hxw (e =12) HEUIREDT 3,

N DRGSR KD IRSFEIEEIZ L B ENESERS (0) B Lo TRELSE LY, HEEHEIC X
BRI E W,

333 EGRGITHAIIRETERE

BUEFEANR)FLVR) LD, COMIMZELVAREL B P 2DEKEGIIERIZE 5T 05,

CHECOEMIIFELNT.D. C. 25 0B (75 7 AE) WAEL, X6I2ERE (BE) 7
RAZEDRFTEMIRE L U RF W20 b B2 5, T b bBEENTIEE IR AT - T3
ZOEN, BEREL, BROGHLERLHITIT 2N, EROBRE S ZBIZE WA R (R 7 2L
DEOFT) BENE L 2 VBE L OBMIEL, BEFSEF W2 E2 3,

e BNEL BB LB EBOBELNEE L CURERER IV VY, EBHBOAFES, B
OMEGHERA VNS D20 (BEXBOBHEN DR W) SIINEL b E2 5, RELehEL
CHLLBVIBRIZflIERE W, ZOEBIZMES»TH W,

3-3-4 EERHFIEHEBIIRETHE

Bixe6), (1) &"

B:%e

ZOREDCLRERHIL, HEOTELBLq, WML TBOELIII S w, e 2FF LT LB CHE (g, /
B=—FE) LKV BOERIIIEV, T48bb10REVCHEPe2EFELCH o VITE—ENHBOE
A En, Z22LCHe 3 I VBEEIT /A&, (BT & CHEBRE) ~DI0EE L Awn,

INODORERED EMRBEIC L3 EMERER ¢(0) HEGEEE L UEHBIC L, TELT252(0) @
RRME (¢,) 1ZEIRS tan p, (p,=—7F, FEMETHIEAIIEHEIZEE) S LIcHEET S, ThbbE
WABE I & DA Rh BRI O L & B,

— 49 —



50 % i i KRR 20 (1)

3. 4 IRRNMBEBLIUERRCLIFNEREEE Q. Q.

PRENEHEC 5 L UEHE e £Q,, Q. BL UG, (@, +Q,) LOBEEESEDEITEIIRT,
3¢ 4.1 EEEGSQICRETEE

cnEOEED e —ETC EHEHIEQ IXHRLTVREY, 7 OEINEIAIEE 50 CH' 4.2X102g/
eyele BHEZ 2 LD LTWVE,

CHRERD DL L ERERRILATTABIIZ LA DLEE L D,

300F (1) _— 300_(2>c§—*‘——‘—_==“”“"’/:

[og=Ngl

Q, 200+ Q, 200
&
100 - 100 |-
100} o
———— . 100 -
80 -
Q, 60- B0r
10 @ 60
20 & T 40 F
20
300

R 300 -

C
Qz V/ /’A\‘@ 200 I~ a
b

Qz a
100 'd - /
e 100

o2
(o3
.
(@)
(@]
ot
(gl
—
(@]
—
[e0]

Fig. 5. The characteristic among the effective heat release of the experimental formula,
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