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kinds of plastic refractory on the damaged briokwork seems 

to be benefioial and an aid in subsequent slag removal. 

If the slag or clinker softens and runs down on the stoker 

parts, air may be cut off causing tuyeres to be burned out. 

As repairs to furnaoe linings and stokers are costly it 

is a short sighted polioy to go too far in the reduction 

of furnace draft in the attaining of a high CO2• The 

smallest furnace draft used during the tests was -0.061 

inches of water and this appeared to be as small as could 

be recommended. The best value for any furnace depends 

upon its design and the burning rate. 

Effect of Coal Characteristics: 

As mentioned before, the test data does not offer 

much opportunity for making comparisons to show the effect 

of ooal characteristios. In figures 18 and 19 the peroent­

age of olinker in the refuse has been plotted against ash 

fusion temperature and per cent sulfur respectively. 

Figure 20 shows ash fusion temperature plotted against per 

cent of sulfur in the coal. The ash fusion temperature 

certainly does not decrease with the increase in per cent 

sulfur and if anything shows a slight increase. The per 

oent clinker seems to vary with per oent sulfur in about 

the same way. If this is the case the per cent clinker 

would have to increase with ash fusion temperature, and 

figure 18 indicates that this may be so. However, the 
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per cent clinker wa.s seen to vary greatly with burning rate 

so the above relations can not be expected to be clearly 

defined. 

While ash fusion temperature in a general way in­

dicates the probability of clinkering trouble, for any 

one coal the combustion conditions are more important. 

Where pyrite is present it is easily broken down by the 

combustion of part of the sulfur to another stable sulfide 

of iron which has a fusion temperature of 2l87°F and whioh 

would be favorable to clinkering. However, in the lab­

oratory determination of fusion temperature the ash is 

prepared under such conditions that the pyrite is burned 

to iron oxide having a melting point of 2818°F. There­

fore the laboratory ash fusion temperature may not be a 

reliable indication of probable clinker formation. This 

could explain the above stated results and also the find­

ings of other investigationsa that higher ash fusion tem­

perature and higher sulfur sometimes go together. 

Eff~ct of Coal Size: 

Although no tests were made with the object of 

comparing the performance using different sizes of coal 

w. D. Langtr~ Power, January 31, 1928 
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it was observed that this ~as nu.10 al1cl slaok 

segrega ted badly in the bunker and as the las t 00&1 v~~as 

being dra\vn from any chute nut size predominated. It YJas 

found that while the sl~ck caked badly and caused lar~e 

holes in tlle fuel he the n"'..:. t s}::re6.d eas ily and made ma-

nipulation of the fire comparatively simple. Therefore 

where the nut coal might give good satisfaction special 

provision might have to be made for more agitation to com­

bat the strong caking tendency of the slack. 

A great deal may be said in general on the character­

istics of nut and of slack coal. In underfeed firing the 

coal is fed from the bottom and the plane of ignition must 

travel against this feed and the &ir strerun. The heat for 

ignition must be transferred mainly by radiation from. the 

burning particles above. The rate of ignition or speed at 

which the plane of ignition travels down through the coal 

depends on the air temperature and rate at which it is 

being blown through the bed and on the size of the coal. 

At very high air rates the rate of ignition is lowered by 

the cooling effect of the air. Fineness of the coal in­

creases the rate of ignition and at low ratings this rate 

is apt to be higher than the rate of combustion. In this 

case the tarry matter, instead of being burned when driven 

off, will seal up the air passages through the fuel bed 

which is more easily done in the case of fine ooal. 
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Once the air supply has been cut off more tar is avail­

able for cementing the coal together and caking becomes 

severe. Therefore fine coal at low ratings tends to cake 

and allow air to pass through only large holes or cracks 

caused by agitation of the bed. This condition has been 

observed with fine coal at loVl ratings. If, on the other 

hand, the burning rate is high the tion rate is 

do~:,~n [LOre neE.rly to t:1G cOfflbustion rate the fine coal 

is li10rG e burn in characteristics unless clinkering 

becomes severe. This suggests that nut coal be used for 

low burning rates as its larger size allows freer passage 

of air a2ld does not .permi t of too rapid igni tion, vrhile, 

on the other hand, fine coal will permit of a higher max­

imum burning rateP• 

P Nicholls and Eilers. The principles of Under­
teed Combustion and the Effect of Preheated Air on Over­
feed and Underfeed Fuel Beds. Transactions A. S. M. E., 
May, 1934. 
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CONCLUSIONS 

1. Performance of Southwest Virginia coal: The results 

of the 24-hour tests herein recorded indicate that nut and 

slack coal from Southwest Virginia can be burned economi­

cally at burning rates of from 15.36 to 27.20 pounds of 

dry fuel per square foot of projected grate area per hour 

with an average efficiency of 75.12 per cent, with extremes 

of 73.21 and 77.28 per cent. 

Usefulness of tests: It is felt that information has 

been developed regarding the efficiencies which might 

reasonably be expected Y;'i th South7:rest Virginia nut und slack 

coal. Suggestion, from methods used during the tests, are 

made for burning this coal on oquipment such as .ichat us d 

in this investigation. The results these tests in-

dicate defini tely the II orElance of this coal only on the 

mult Clrt underfeed stoker GquiT-~'l3'_1t tested. II~:r"·-

ever, comparative performance costs are useful 

c.;.n.ticipatint; v!hat miGht be eJcpected on other equipment of 

the seme type. No claim is that the equi~ment used 

is the best for this fuel, but merely that sctisfactory 

results are obtained therewith. 
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APPE.NDIX 

Table of Data and Results 

:r:.Iethod of Computation 



TABLE 2 

Data and Results of Stationary Steam-Generating Unit Solid Fuels (as Fired) 

GENERAL INFORI/.JiTION 

1 Test Numbers 1 to 10 inclusive. 
2 Location Blacksburg, Virginia. 
3 Owner Virginia Polytechnic Institute. 
4 Maker and type of boiler Casey Hedges cross drum, Boilar No. 3, in the 

Power Plant, installed in 1929. 
5 Maker and type of water walls None. 
6 Maker and type of superheater Foster Wheeler convectiono 
7 Maker and type of economizer None. I 

h~ 

8 1Iaker and type of reheater None. (·1 
I 

9 Maker and type of air heater None. 
10 Maker and type of fuel burning Detroit horizontal, multiple r.etort, underfeed stoker, 

equipment installed in 1929. 
11 Test conducted by Fuel Engineering Fellows. 
12 Object of test To determine the suitability of Virginia coals for 

underfeed stoker equipped plants. 



13 Boiler heating surface 
14 Water wall surface 
15 Superheater surface 
16 Economizer surface 
17 Reheater surface 
18 Total steam-generating unit 

surface 
19 Air heater surface 
20 Gra.te surface 
21 Fuel burning equipment 

22 Method of produc-ing draft 
23 Fuel 
24 Volume of combustion space 
25 Furnace, center of grate to 

nearest heating surface 
26 Furnace, volume per sq ft 

boiler heating surface 

TABLE 2 (Continued) 

DATA AND RESULTS 

DESCRIPTION, nD!ENSIONS, ETC. 

sq ft 
sq ft 
sq ft 
sq ft 
sq ft 

sq ft 
sq ft 
sq ft 

cu ft 

ft 

cu ft 

3540. 
None. 
540. 
None. 
Nene. 

4080. 
None. 
68.9 (6ft.8in. wid6 x lOft.4in. long) 
4 retort, 93 tuyere, underfeed stoker with dump grate. 

Furnace construction: 9-in. fire brick except 19 in. 
of Bernitz Block and silicon carbide brick just 
above stoker in front, rear t and side walls. 

Forced and chimney. 
Nut a.nd slac'k coal from Southwest Virginia. 
686.76. 

9.33. 

0.194. 

I 
~ 
i+~" 

• 



Date of test 
Test Number 

1934' 

TABLE 2 (Continued) 

DATA AND RESULTS 

2{2if 2'28
1 __ 3,2 j3ff¥f 3'6 3~9 3'101~3eLJS14 

FOEL - PROXll·!..!;..TE ANALYSIS (AS FIRED) 

27'·· .. v?i;t'i-i~-matte;--p;r cent!I' 30.28j 29,931 2S.55j 29.051 30.0~~661 29.001 2S.S2-r-s::;···o58\ .00 
28 FIxed carbon per cent 57.38,56.75

1 
57c91, 58.15; 58.59 1 57.551 56.111 58.19 v70501 57.38 

29 Ash per cent I 7.99 8.39, 8.07 S.13! 8.80\ S.991 9.97, 9.66 9.20 8.46 
30 Moisture (as fired) per cent I 4.351 4~93: 5~471 4.671 2.61 3.80! 4r92, 3.33 2. 3.16 
31 Heating value per Ib (as I ; I 1 I I 

fired) Btul13t524 113,367'113,410 ,13,518I'13,723;13J4S0 113,135 !13,40S 13,545113,634 
32 Heating value per 1h ; I I I! I 

(dry) Btu!14,139 /14,060114,1861114,180'114,091114,012113,SI5 13,870 13,9241'14,079 
~~ __ ~~ion temperature of ash OF! 2282 2282! 2300 . 2300. 2282 i 2300 I 23~7 i 2300 23~ 2327 

FUEL - ULTI1'IATE .ANALYSIS (AS FIRED) 
-.. ----.------.-- '-"-"-' ---'-"'-'--.--'--'---"-'-' ----,.--.-.-.-'l----.-.----.-~- ----.--. --·--I·----·r·--~---ar_;;:--
34 Carbon per centl 74.031 72.59! 73.941 74.98! 75. 174.14,' 71c61,' 73. 87 1 75eOS 76.39 
35 Hydrogen per cent 1 5.60) 5.73; 5.351 5.241 5.54 5.44, 5.oi, 5.411 5.34 5.10 
36 Oxygen per cent 5.981 6.411 5.241 4.95 5.511 5.491 5,951 5.711 5~56 4.86 
37 Nitrogen per cent I 1.20 I 1.19,1 1.191 1.20 1.221 1.20, 1.19j 1.21 1 1.22 1,21 
38 Sulphur per cent t 0.85 i 0.76 0.74

1

1 0.83 0.881 0.94 i 0.85 I O. I 0.88 t 0.S2 
39 Ash per cent 7.99 I 8.39l 8.07, 8.13 s.sol 8.991 9~97i 9.66\ 9.201 8.46 
40 lvIoisture ____ . _____ 2~~?_~D:~L.~_~5 i 4._9~.l.~. 471 _~_67~~611_ 3.S0~ __ 4. 92 1 3.33 I 2.7.§.l_3.16 

REFUSE ANALYSIS (DRY) 

41--C~mb~stibie--- per ~entt 40.151 35.691: 38.77 31.91132.28140.21
1

37.66 1 32.89

1

' 41.76 42.68 
42 Ash per cent 159.85 164.31 61.23 68.09167.72157.97 162.34167.11 58.24 57.32 
42a Clinker per cent! 14.8 I 12.7 ,13.6 13.5 22.4 15.9 17.2 19.3. 14.1 17.3 



TABLE 2 (Continued) 

DATA AND RESULTS 

Test 6 7 10 

GAS ANALYSIS, BOILER OUTLET 

43 C02 per cent 10.981 10.891 10.83 11.51l 10.86 10.41,' 12.401 12.11 11.541 12.05 
44 02 per cent 7.93 j 6.88 7.36 6.59, 7.89 7.77, 5.98 6.59 7.07 6.55 
45 CO per cent 0.251 0.10 0.00 0.2611 0.17 0.12 0.10 0.00 0.07\ 0.00 
46 N2 per cent, 80.84

1 

82.13 81.81 81.64. .081 81.701 81.52 81.30 81.32 81.40 

47 Dry gas per Ib ruel, boiler I I I I I· 
outlet (as rired) 1b!15.325 l.,15.462,15.946j15.152 16.178116.154 130216114.3 114.800114.579 

48 Dry gas per Ib rue1, theo- iii I I I. 
re~icol (as rired) Ib 10.592\10.4271110.533',10.648110.771110.568.10.2661100530110.6681'10.790 ~ 

49 Dry al.r per 1b rue1, theo- ! : . ~ I I I! 'ji:l 
ratica1 (as rired) IblO.219110.076110.150110.247!1·100384~lO.1801 9.9111100147110.268110.365 

50 Dry air supplied per Ib til I iii I 1 

, w. fuel (as fired) 1bI15.006115.157'115.518114.789115~833115.832112.921114.0331'14.466i13.8~5 
5~ ~xcess Ul.r per cent j 46.8 ! 50.4 52.9 44.3 i 52.5 i 55.5 L' 30.4 I 38.3 40.9! 33.2 '" ____ -_. _____ , ___ . __ ... ___ .. __ . __ .... __ • ____ '---'-____ ,__ _ _ _ ~.._L_,.~ ___ _.l. __ '__,, ____ ._._.~" 1 

PRESSURES .A1\TD DRAFTS 

52 M~i~ture in air 1b/1b air 0.0093IO.0128IO.018011000196IiO.0106!0.0144-10.0135!0.0143 uo0169io.0127 
53 Atmospheric pressure; I I I I 

Ib/sq in 13.98114.01 13.82113.68 13.74115.77113.84 13.69 13.82113.82 
54 Steam pressure by gage, I I'! 1 

bOiler 1b/sq in 175.0 172.7 172.6 173.71 174.01174.51174.81 174.81172.41174.5 
55 Steam pressure by gage, sup- ! j I 1 . 

Grhe~ter outlet Ib/sq in 170.6 170.81 169.9 170.9 170.3, 171.0 1 170.31 170.6 170.1j 171.1 
56 Drop through I I 

" I in 2 • 4 . 1. 9 I 2. 7 2 • 8 3 o~-' 3. 5 I 4. 5 I 4. 2 I 2 .. 3 : 3. 4 



TABLE 2 (Continued) 

DAT~ ~~D RESULTS 

Test Number 1. 5 10 

PRESSURES l.ND DRaFTS (Cont inued ) 

57 Stea.m pressure, absolute ,'-----··T---- i. -rl-----r-- -. I I--
superheater outlet I . I I 

Ib/sq in 184.6 184.8 183.7 184.61 184.0 184.8 184.1 184.3 183.9 184.9 
58 Windbox pressure in. w0terl 0.77 0.69 0.92 1.07' 1.721 1.71 2.01 1.92 1.101' 1.30 
59 Drnft in furnace in. wuterl-O.0731-0.068,-0.069 -0.0701-0.0661-0.0651-0.064 -0.061\-0.094.-0.090 
60 Drnft at boiler out~et ' j I I I ,I A 

(Uptnke) In. wuter -0.1091-0.1071-0.1351.-0.1361-0.222:-0.1821-0.2351-0.246 -0.1401-0.202 
61 Draft loss through first ; ! ! I i 

pass in. water O.OOO! 0.000: 0.003! 0.0011 0.000 0.0031 0.0031 0.003! 0.0071 0.000 
62 Drcft loss through super- I ~ 1 I : I I . ~; 

heoter in.,wuter 0.0201 0.020j 0.018, 0.0201 O~Ol? 0.0211 0.0201 0.017,· 0.0201 0.019 i 
63 Draft loss through ~econd I I I I!. I ' 

pass In. water 0.056! 0.0561 0.055/ 0.057' 0.072 0.064'1 0.0831 0.082, 0.055\ 0.066 
64 Draft loss through ~hird I I 4 ' I 

pass In. water 0.000" 0.009
1

1 0.0131 0.016 0.054 0.0~11 0.063, 0.067 0.008,' 0.032 
65 Drnft loss through boiler ! I I ' .. 

unit in. weter 0.081! 0.0781 0.1141 0.109 0.190 0.1671 0.221. 0.2271 0.100, 0.164 
66 Drc.ft loss through i!, I I ~ : 

damper in. water 0.8531 0.808! 0.680; 0.667 0.647 0.5621 0.5~~?2~L._O.~20! 0.639 

TEIVIPERll.TURES 

.. --·· .. -------·-·--------------,... .. -··--~-·--I·-·-------·-'-'-, .. ------,-.-.. ---, '--'----, 67 Steam tempereture at super- I I I' ! I 
heater outlet of! 436.1 435.8, .9, 443.11 458.01 453.9 457.91 458.9! 432.41 443.8 

68 SaturRted steam temperature : ! I I ! I 
at superheat pressuro °FI375.2 375.3! 374.3, 375.2 1 374.91 375.2, 376.91375.01 374.91 375.3 _____ .... ______ ._. ___ " ______ . ___ . __ ...... ____ ._. ___ ... ___ . __ . __ .. _. ____ . ___ .. ______ .J_ ..1- .• ___ ._.....L--. ... ____ _ 



Test Number 

TlillLE 2 (Continued) 

Di~T1l. l.ND RESULTS 

TEMPERi.TURES (Continued) 

6 7 I 8-, _~=r_~~ 

6~uperhcnt °Fj 00.91 60.51 70.6 67.91 83.1
1
, 78.711. 81.0 83.9 57.51 68.5-

70 Temperature of air surround-. 'I I 
ing boiler of',' 65.8, 71.5 75.6 76.9 1 80.11 74.5 72.1 71.1 73.31 70.6 

71 Tempereture of air for com-. I 

bustion of 111.31 117.31 123.1 120.1 121.7' 121.01 110.3 110.0! 119.0 117.2 
72 Temperature of dry bulb oFt 101.1'1 107.2 1 109.6 112.21 109.31 106.2\ 104.9 107.6\ 107.4 104.5 ~~ 
73 Temperature of wet bulb of 70.4 74.51 79.3 1 81.7, 73.41 75.51 74.4 75.61 78.5, 73.3 en 
74 Temperature of gases leaving I ' I I 

boiler (Bailey Meter) oFI 444.81 443.5,- 470.11 474.71 518.21 500.71 528.81 529.8! 448.4i 488.9 
75 Temperature of feedwater I I I l I I I 

entering boiler OF 223.21 223.61 219.7 218.7 217.1 216.1 220.1, 218.3 215.81 218.4 ~6. __ T_~~~ratu.re of f~~ ___ oFI111.3! 117.3J.J.23'~L~20 •. ~~~.2L?.121.0! 110.31 110 • .9J_l~~.01._~7.2 
TOTlJs QU~ITIES 

7?'--'-Duration-'of ·test'-·' hrl --24-1--'~~----~241 241' 241 24/ 24! 24 
78 Weighmeter dumps 2547, 25011 2926f 29761 3657'\ 3545, 412°1' 39871 25081 3344 
79 Water from continuous I I I I I 

b1owdown Ibl 4118 1 7258 2938 2880 32131 37441 5616 49381 44351 2074 
80 Water from tracifier Ibl 380! 2801 2801 24011 3201 3201 280 2401 280, 320 
81 steam lost by pop-off Ib! 0 1 0 0 0 257 324. 649 93 0 0 
82 __ ~Coa~ burne~ . _____ ~b 128! 070: 20,720 b215 1 32.!...89 0 ~O -,-018140 , 7~5147 ,315 j 44,940 i 27,725137,705 



Test Number 

T;~LE 2 (Continued) 

D.L •. TL. LND RESULTS 

HOURLY QU~~TITIES 

83 Fuel per hour (as fired) lbl 1195 1: 1113 
84 Fuel per hour (dry) Ib 1143 1058 

1370 
1306 

85 Fuel as fired per sq ft of 

'" 

grate per hour Ibl 17.341 16.15 19.88 24.561 24.61 
86 Fuel as fired per retort 

per hour Ibl 298.71 278.3 3,12.5 423.0 424.0 

28.61 

492.8 
87 Dry fuel per sq ft of grate 

per hour 1bl 16.581 15.361 18.421 18.961 23.92 1
, 23.681 27.20 

88 Dry fuel per retort per "'I I 
hour Ib 285.7 264.5, 317.5! 326.51 412.01 408.01 468.5 

1873 1155 154L1 
1810 1124 1495 

27.18 16.78 22.41 

468.1 288.8 386.0 

26,.27 I 16.32 21.69 

452.51 281.01 373.3 
r 

tf:, 89 Combustion space per Ib coal I i I' I 
per hour (as fired) cu ft 0.575 0.6171 0.5111 0.501 0.406 Q.405! 0.348 0.367 

90 Refuse per hour 1b 159 145 i 177 I 164 i 220 I 255 I 315 270 
91 ~ctua1 water per hour Ib 11,504111,296!13,216 13,442116,517 16,012118,609 18,008 

0. 595 1
1 

0.445 'f 
183 240 

91a actual saturated steam per I I I 
hour Ib 11,317,110,9821'13,,094,13,312 16,370 15,842118,363/17,792 

91b Actual superheated steam Ii' 1 I 
_." __ . ___ ~.~!:.._ho.~::._"_., ___ . __ ._ .. _~ b.~.~!.-31 7 110 .~ 98~113 ,.~9~j 13,312 , 16,359 ,15,829 18,336 17 , 788 

11,331/15,016 

I 11,134,14,916 

11,134114,916 

UNIT QUi~TITIES 

by water in 1 92 Heat absorbed 
boiler Ib I~~~-r-~~·;. 51 150• e 1162. 91~-64~ 165.7 1 161. 9 

I 167.31 166.2i 160.4 
92a Heat absorbed by 

boiler 846.9 847.81 852.2 
93 Heat absorbed by 

superheater 

Btu per 
steam in 

Btu per 
steam. in 
Btu per 

Ib, 84.7.5 847.6' 847.71 847.31 847.21847.018.46.9 

Ib 137.3 ~_37.2 45.L41.~ 49 ___ ~L 47~ 4._9_.6 ___ ,1..--__ "---__ -'---__ 50.2 35.41 38.0 



Test Number 

--
94 Rate of' heat 

absorption by 
water in boiler 

kB per hr 1818.8 
94 a Rttte of heat 

absorption by 
steam in boiler 

kB per hr 9591.2 
95 Rate of heat 

absorption in 
superheater 

kB per hr 422.1 
Total rate of' heat 96 

absorption by 
steam-generating 
unit kB per hr 11832.1 

TABLE 2 (Continued) 

DATA .AND RESULTS 

HOURLY QUANTITIES (Continued) 

1779.2 1990.5 2189.6 2718.7 2653.5 

9308.4'11099.8 11278.9 13868.7 13418.2 

I 
I 

408.5 598.3 549.8 814.7 749.2 

11496.1 13688.3 14018.3 17402.1 16820.9 

REFUSE 

3012.8 

15551.6 

909.5 

19473.9 

------------------------------------~--------~------------~----------,-----------~----------_r-----------,------
97 Refuse, per cent 

of fuel (as 

3012.7 1883.2 2408.0 

15068.2 9439.4 12711.4 

893.2 394.1 566.2 

18974.1 11716.7 15685.6 

fired) per cent I 13.351 13.051 13.181 11.941 13.001 15.031 15.991 14.391 15.801 14.76 
98 Carbon burned per I 

Ib fuel (as I 
cen~__ 1b 10.68671 0.67931 0.68831 0.71171 0~71251 0.6809~65591 0.69141 0.68481 0.7010 

I 
(51 
o 
I 



Test Number 

1 

99 Bate of heat absorption per 
Ib fuel (as fired) kB 

00 Rate of heat absorption per 
lb fuel (dry) kB 

1 01 Rate of heat absorption per 
sq ft of steam-generat-
ing unit surfaoe per 
hour kB 

TABLE 2 (Continued) 

DATA liliD RESULTS 

1 2 3 41 -5--, 6-r -7 ]--8' ,- ~9--1 10 

EV1J'0R1~TION 

1 I I I ~--
9.90 10.33 10.20 10.23 10.29. 9.92 I 9.881 10• 13 10.14 10.16 

10.35 10.87 10.79 10.73 10.56 110.31 110 .39 110.48 110.42 10.49 

I I I 
4.27 I 4.121 4.77 I 4.65 ~87 I 3.85 2.90 2.82 I 3.36 3.43 

EFFICIENCY 

-.-.---.--.---------- 73.21 17'i. 28 76.06 75.69 74.95 173.56175.22175.57 174.89 174.52 

I I I 

l02 Efficienoy of steam-gen-
erating unit per cent 

103 Comparative efficiency of 

72.42 176.30 74.96 74.59 73.89! 72.52 I 74.41 i 74.73 173. ~73. 67 

steam-generating unit 
(when not equipped with 
air heater) per cent 

I 
en 
J-' 
I 



Test Number 

-~-.-.~-.-~---.- ... -- -

1 
1 

1 

1 

1 

.1 

1 

1 

1 

1 

1 

1 

04 
05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

Heating value of fuel 
Hee.t ebsorbed by water in 

boiler 
Heat absorbed by steam in 

bailer 
Heat absorbed by steam in 

superheater 
Hent cbsorbed by steam-

generating unit 
Hent loss due to moisture 

in fuel 
Heat loss due to water 

from combustion of 
hydrogen 

Hect loss due to moisture 
in c.ir 

Hent loss due to dry 
chimney gcses 

Heat loss due to incom-
plete combustion of 
cnrbon 

Hent loss due to uncon-
sumed combustible in 
refuse 

Heat loss due to 
rndi2tion and un-
~c0u!lted for - .. -----

T1JBLE 2 (Continued) 

Di.kT~:' l~D RESULTS 

"I" 
I 1 2 3 

'" 4 
5 6 1 - 7}- - S-=r 9- -, 10 

HE~;o.T B.L..LL.NCE (BTU PER LB FUEL ... ~ FIRED) 

13524 113367 113410 13518 I 13723 134BO 113135 ' 13408 13545 13634 
I 

1522 1599 1483 1598 I 1607 1564 1529 1609 1629 1559 

8026 8363 8271 8233 8197 7912 7890 8047 8172 8233 

I 353 367 446 401 481 i 442 461 477 340 367 

I 9901 110329 110200 10232 10265 9918 9880 10133 10141 10159 
I 

I 51 I 58 1 65 58 31 45 60 41 32 38 I 
I 

596 606 570 557 601 587 602 592 565 549 
I 

25
1 

34 53 54 34 46 38 43 43 34 

139~ I 1380 1533 14,47 1701 1675 1449 1583 1332 1464 

I 
156 I 63 0 184 112 79 51 0 60 0 

I 

758 659 723 539 593 856 852 669 93~ 999 

238 P66 L147 36f) 27<C,- ! 203 347 £1:38 i _ 39~ 
--'--

, 

, 
c~ 

l0 
I 



Test Number 

104A Heating valu 
105A Heat absorbe 

boiler 
106A Heat absorbe 

boiler 
107A Heat absorbe 

superheat 
lOSA Heat absorbe 

generatin 
109A Heat loss du 

in fuel 
110A Heat loss du 

from combu 
hydrogen 

lIlA Heat loss due 
in air 

1l2A Heat loss due 
chimney ga 

113A Heat loss due 
plete comb 
carbon 

l14A Heat loss due 
sumed comb 
refuse 

115A Heat loss due 
radiation 
accounted 

of fuel 
by water in 

by steam in 

by steam in 
r 
by steam-
unit 
to moisture 

to water 
stion of 

to moisture 

to dry 
ses 
to inc om-

ustion of 

to uncon-
ustib1e in 

to 
and un-
for - I 

TABLE 2 (Continued) 

DATA ANv RESULTS 

1 2 3 --61 7 10 

HEAT BALANCE (PER CENT) 

100.00 100.00 100.00 100.00'100.00 100.00 100.00 100.00 100.00 100.00 

11.25 11.96 11.06 11.S2 11.71 11060 11.64 12.00 12.03 11.44 

59.35 62.57 61.68 60.90 59.73 58.69 60.07 60.02 60.33 60.39 

2.61 2.75 3.32 2.97 3 .. 51 3.27 3.51 3.56 2.51 2.69 

73.21 77.28 76.06 75.69 74095 73.56 75.22 75.58 74.87 74.52 

0.38 0.43 0.48 0.43 0.23 0.34 0.45 0.30 0.24 0.28 

4.41 4.53 4.25 4.12 4 ... 38 4.36 4.59 4.42 4.17 4.03 

0.18 0.25 0.39 0.40 0.25 0.34 0.28 0.32 0.32 0.25 

10.31 10.33 11.43 10.70 12.39 12.43 11.03 11.81 9.84 10.74 

1.15 0.47 0.00 1.36 O.Sl 0.58 0.39 0.00 0.44 0.00 

5.61 4.93 5.39 4.00 4.32 6.35 6.49 4.99 6.89 7.33 

4.75 1077 2,.00 3 .. 30 2 .. ;S7 . 2.04 1.55 2.58 3 .. 23 2 .• 85 
I : i 

'. ;1 
C~ 

• 
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METHOD OF COMPUTATION 

Item 32 = Item 31 x (1 _ Item 30) 
100 

Item 42a - Actual weisht of clinkers 
- Actual weight of total refuse 

Item 47 = 11C02 + 802 + 7(CO + NZ) x Item 98 
3{C02 + CO) 

Item 48 = 0.1252 x Item 34 + 0.2656 x Item 35 
- 0.0331 x Item 36 + 0.01 x Item 37 
+ 0.0531 x Item 38 

Item 49 = 0.115 x Item 34 + 0.345 x (Item 35 - Itea 36) 
+ 0.0431 x Item 38 

Item 50 

Item 51 

= Item 47 + 9 x Item 35 
100 

= Item 50 - Item 49 
Item 49 

100 - (Item 40 + Item 97) 
100 

Item 52 = Calculated by the Carrier Equation (a) 

Item 56 = Item 54 - Item 55 

Item 57 = Item 53 + Item 55 

Item 68 = From steam Tables by Keenan 

Item 69 = Item 67 - Item 68 

Item 70 = Room temperature 

Item 76 .- Same as Item 71 

Item 81 = Time of pop-off in minutes x 185.5 

Item 83 = Item 82 
Item 77 

Item 84 

Item 85 

= Item 83 x 100 - Item 40 
100 

Item 83 
= ~I""I!"'t-e-m~2~0 

(a) Refer to Principles of Engineering Thermodynamics by 
Kiefer and stuart, pago 204 
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METHOD OF COMPUTATION (Continued) 

Item 86 

Item 87 

Item 88 

Item 89 

Item 90 

= Item 83 
4 

Item 84 
= Item 20 

:::: 
Item 84 

4 

= Item 26 
Item 83 

:::: Item 83 x Item 97 
100 

Item 91 = 
Item 78 x 108.4 

Item 77 -

Item 91a = Item 91 - (Item 79 + Item 80) 
Item 77 

Item 91b = Item 91a _ Item 81 
Item 77 

Item 92a = (hg - hf ) = hrg 

Item 93 = (H - hg ) 

Item 92 x Item 91 
1000 Item 94 :::: 

It 94 - Item 92a x Item 91a 
em a - 1000 

Item 95 :::: Item 93 x Item 91b 
1000 

Item 96 = Item 94 + Item 94a + Item 95 

Item 97 = Item 39 x 100 Item 42 

Item 98 Item 34 Item 41 x Item 97 
:::: 100 10,000 

Iten 99 Iton 96 
:::: Itom 83 

{p} 

(p) 

(p) 

(p) Symbols same as Keenan Ste~ Tables; hI :::: heat of 
saturated liquid at feedwater temperature. 
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METHOD OF COMPUTATION (Continued) 

Item 100 

Iten 101 

Iten 102 

Iten 103 

= Iten 96 
Iten 84 
Item 96 

= Iteo 18 

= Iteo 99 x 1000 x 100 
Iten 31 

= Iten 99 x 1000 x 100 
Iten 31 + tltcn ?I - 70) (Item 50 x 0.24) 

Iten 104 = Item 31 

Iton 105 = Iten 94 x 1000 
Item 83 

Iten 105A = Item 105 x 100 
Iten 104 

ItGO 106 = Iten 94n x 1000 
Item. 83 

Iten 106A = Iten 106 x 100 
Itcn 104 

Iteo 107 = Item 95 x 1000 
Iten 83 

Iten 107A = Iten 107 x 100 
Item 104 

Item 108 = Item 105 + Item 106 + Item 107 = Item 99 x 1000 

Item 10BA = Item 108 x 100 = Item l05A + Item l06A + Item 107A Item 104 

Item 109 = Iti~040 (1090.7 + 0.455 x Item 74 - Item 71) 

Item 109A = Item 109 x 100 
Item 104 

Iten 110 = 9 x Item 35 (1090.7 + 0.455 x Item 74 - Item 71) 
100 

Item 110A = Item 110 x 100 
Iten 104 

Item III = Iteo 52 x Itefl 50 x 0.47(Iten 74 - Iten 70) 

Item lllA = Iten III x 100 
Iten 104 
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METHOD OF COMPUTATION (Continued) 

Iten 112 = Iten 47 x 0.24{Item 74 - Iten 70) 

Item 112A = Iten 112 x 100 
Iten 104 

Iten 45 
Itefl 113 = 10,190 x Iten 43 + Iten 45 x Iten 98 

Item 113A = Ite~ 113 x 100 
Item 104 

Iten 114 = Iten 97
100

Iten 39 x 14,150 

Iten 114A = Iten 114 x 100 
Iten 104 

Iten 115 = Iteo 104 - (Surl of Itens 108 to 114, inclusive) 

Iten 115A-= Item lO4A - (Sun of Itens 10aL to 114A, inclusive) 

= Item 115 x 100 
!ten 104 




