
GENERAL ENGINEERING &
TECHNICAL INFORMATION
The graphs, tables and other information presented on
the following pages are often all that’s necessary to
perform kw requirement calculations.  Also included is
data for radiant heating applications, quick charts,
basic electrical information, a corrosion guide and
many other materials useful in the design of Thermal
Systems.  Where information is not certain or does not
exist for a particular process, contact Ogden.
Numerous other sources are available that can be 
consulted.

GUIDES FOR ESTIMATING HEAT LOSSES
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1T: Heat Losses From Uninsulated Metal Surfaces

2T: Heat Losses From Insulated Surfaces

3T: Heat Losses From Oil and Parafin Surfaces

4T: Heat Losses From Water Surfaces

5T Heat Losses From Molten Metal Surfaces (Lead,
Babbit, Type Metal, Tin, etc.)

Radiant and convection heat losses are combined.  Based upon 70°F ambient.
For horizontal bottom surface, use 1⁄2 figure from graph.

Radiant and convection heat losses are combined.  Based upon 70°F ambient temperature
with ceramic fiber insulation.For horizontal bottom surface, use 1⁄2 of figure from graph.









SHEATH TEMPERATURES RELATIVE TO WATT DENSITY
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12T: Sheath Temperature of Tubular Elements at 
Various Watt Densities in Free or Forced Air   
at 80°F.

13T: Sheath Temperatures of Tubular Elements 
Clamped to a Surface at Various Ambient 
Temperatures and Watt Densities
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14T: Allowable Watt Density of Tubular Elements 
Operating at 800° to 1400°F Sheath 
Temperature for Various Temperatures in 
Distributed Air Velocity of 1 Fps.

200 400 600 800 900* 1000 1200 1400

80

10
20
30
40
50
60
70

TEMPERATURE OF AIR (°F)

400°F
200°F

W
A

T
T

S
P

E
R

S
Q

U
A

R
E

IN
C

H
F

IN
N

E
D

T
U

B
U

L
A

R
H

E
A

T
E

R

*FINNED TUBULAR HEATER LIMIT (STEEL SHEATH AND FINS)
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15T: Allowable Watt Density of Tubular Elements 
Operating at 800° to 1400°F Sheath 
Temperature for Various Temperatures in 
Distributed Air Velocity of 4 Fps.
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*FINNED TUBULAR HEATER LIMIT (STEEL SHEATH AND FINS)
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11T:Thermal Conductivity of Various Substances
The following is a listing of the ratios of how fast heat is conducted through each material.  The information is useful
as a comparison of one substance to another.  Large numbers indicate greater conductivity characteristics.*

Air  . . . . . . . . . . . . . . . . . .0.0568
Aluminum  . . . . . . . . . .480.0
Antimony  . . . . . . . . . . . .44.2
Argon  . . . . . . . . . . . . . . .0.0389
Asbestos, paper  . . . . . . .0.6
Bismuth  . . . . . . . . . . . . .17.7
Blotting paper  . . . . . . . . .0.15
Brass . . . . . . . . . . . . . .204.0
Brick, aluminum . . . . . . . .2.0
Brick, building  . . . . . . . . .1.5
Brick, carborundum  . . . .23.0
Brick, fire . . . . . . . . . . . . .3.1
Brick, graphite  . . . . . . . .25.0
Brick, magnesia . . . . . . . .7.1
Brick, silica  . . . . . . . . . . .2.0
Cadmium . . . . . . . . . . .222.0
Carbon gas  . . . . . . . . .130.0
Carbon graphite . . . . . .290.0
Carbon dioxide  . . . . . . . .0.0307
Carbon monoxide  . . . . . .0.0499
Carborundum  . . . . . . . . .0.50
Cardboard  . . . . . . . . . . . .0.50
Cement, portland . . . . . . .0.17
Chalk  . . . . . . . . . . . . . . .0.28
Charcoal, powdered  . . . .0.22
Clinkers, small  . . . . . . . . .1.1

Ice . . . . . . . . . . . . . . . . . .3.9
Iron, pure . . . . . . . . . . .161.0
Iron, cast  . . . . . . . . . . .109.0
Iron, wrought  . . . . . . . .144.0
Lamp black  . . . . . . . . . . .0.07
Lead  . . . . . . . . . . . . . . .83.0
Leather, cowhide  . . . . . . .0.42
Leather, chamois  . . . . . . .0.15
Lime  . . . . . . . . . . . . . . . .0.29
Linen . . . . . . . . . . . . . . . .0.21
Magnesia  . . . . . . . . . . . .0.3
Magnesium, carb . . . . . . .0.23
Marble . . . . . . . . . . . . . . .8.4
Mercury  . . . . . . . . . . . . .19.7
Mica  . . . . . . . . . . . . . . . .0.86
Nickel  . . . . . . . . . . . . .142.0
Nitrogen  . . . . . . . . . . . . .0.0524
Oxygen  . . . . . . . . . . . . . .0.0563
Paper  . . . . . . . . . . . . . . .0.31
Paraffin  . . . . . . . . . . . . . .0.62
Pasteboard  . . . . . . . . . . .0.45
Plaster of Paris  . . . . . . . .0.42
Plaster, mortar  . . . . . . . . .1.3
Platinum  . . . . . . . . . . .170.0
Plumbago  . . . . . . . . . . . .1.0
Poplox (Na2Si03)  . . . . . .0.13
Porcelain  . . . . . . . . . . . . .4.3

Coal  . . . . . . . . . . . . . . . .0.30
Coke, powdered  . . . . . . .0.44
Concrete, cinder  . . . . . . .0.81
Concrete, stone  . . . . . . . .2.2
Copper  . . . . . . . . . . . .918.0
Cotton wool  . . . . . . . . . . .0.043
Cotton batting, loose  . . . .0.11
Cotton batting, packed . . .0.072
Earth, average . . . . . . . . .4.0
Eiderdown, loose . . . . . . .0.108
Eiderdown, packed  . . . . .0.045
Feathers  . . . . . . . . . . . . .0.16
Felt  . . . . . . . . . . . . . . . . .0.22
Fiber, red . . . . . . . . . . . . .1.1
Flannel  . . . . . . . . . . . . . .0.035
German silver  . . . . . . . .80.0
Glass, crown  . . . . . . . . . .2.5
Glass, flint  . . . . . . . . . . . .2.0
Gold,  . . . . . . . . . . . . . .700.0
Granite  . . . . . . . . . . . . . .4.5
Gutta percha  . . . . . . . . . .0.48
Gypsum  . . . . . . . . . . . . .3.1
Hair  . . . . . . . . . . . . . . . . .0.15
Hair cloth, felt  . . . . . . . . .0.042
Helium . . . . . . . . . . . . . . .0.339
Horn  . . . . . . . . . . . . . . . .0.087
Hydrogen  . . . . . . . . . . . .0.327

Petroleum  . . . . . . . . . . . .0.39
Pumice stone  . . . . . . . . .0.43
Quartz, pr. to axis  . . . . .30.0
Quartz, perp. to axis  . .160.0
Rubber, hard  . . . . . . . . . .0.43
Rubber, Para . . . . . . . . . .0.38
Sand, dry  . . . . . . . . . . . .0.86
Sandstone . . . . . . . . . . . .5.5
Sawdust  . . . . . . . . . . . . .0.14
Silica, fused  . . . . . . . . . .2.55
Silk  . . . . . . . . . . . . . . . . .0.13
Silver . . . . . . . . . . . . . .974.0
Slate  . . . . . . . . . . . . . . . .4.8
Snow  . . . . . . . . . . . . . . .0.60
Steel  . . . . . . . . . . . . . .115.0
Terra Cotta  . . . . . . . . . . .2.3
Tin . . . . . . . . . . . . . . . .155.0
Water  . . . . . . . . . . . . . . .1.6
Wood, fir, with grain . . . . .0.30
Wood, fir, cross grain . . . .0.09
Wool, sheep  . . . . . . . . . .0.14
Wool, mineral  . . . . . . . . .0.11
Wool, steel  . . . . . . . . . . .0.20
Woolen, loose, wadding . .0.12
Zinc . . . . . . . . . . . . . . .265.0

* Expressed in gram–calories/second/square centimeter/centimeter/°C



16T:  Allowable Watt Density of Tubular Elements 
Operating at 800° to1400°F Sheath 
Temperature for Various Temperatures in 
Distributed Air Velocity of 9 Fps.

17T:  Allowable Watt Density of Tubular Elements 
Operating at 800° to 1400°F Sheath 
Temperature for Various Temperatures in 
Distributed Air Velocity of 16 Fps.

18T:  Sheath Temperature of HD Strip Heaters 
Clamped to a Surface at Various Ambient 
Temperatures and Watt Densities1

1. Use stainless steel materials (and fins) over 750°F sheath temperatures.
2. Where element spacing is close, use 80% of values.

19T:  Allowable Watt Density of HD Strip Heaters to 
Produce 700°F Sheath Temperatures at 

Various Ambient Temperatures and
Air Velocities2

20T:  Allowable Watt Density of HD Strip Heaters to 
Produce 1000°F Sheath Temperatures at 
Various Ambient Temperatures and Air 
Velocities.  Use Stainless Steel Sheath 
Material2

21T:  Allowable Watt Density of Finned HD Strip 
Heaters to Produce 600° to 700°F Sheath 
Temperatures at Various Ambient 
Temperatures and Air Velocities2

22T:  Allowable Watt Density of Finned HD Strip 
Heaters to Produce 800° to 900°F Sheath 
Temperatures at Various Ambient 
Temperatures and Air Velocities1,2
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22A:  Sheath Temperature vs Cold End –. 25” Diameter Tubular

22B:  Sheath Temperature vs Cold End – .312” Diameter Tubular

22C:  Sheath Temperature vs Cold End – .430” Diameter Tubular

22D:  Sheath Temperature vs Cold End – 
.475”/.490” Diameter  Tubular

22E:  Sheath Temperature vs Ambient Temperature in a Vacuum
– .430” Diameter Tubular

22F:  Tubular Heater Sheath Temperatures Operating in Different 
ambient temperatures at various watt densities.  



Flammability °F
Flash Fire Auto
Point Point Ignition

Max.
Maximum Watt

Material To Operating Density Sheath
Be Heated Temp (°F) (W/sq. in.) Material
Acid Solutions (Mild)

Acetic 180 40 C-20, Quartz
Boric 257 40 Quartz
Carbonic 180 40
Chromic 180 40 C-20, Quartz
Citric 180 23 316 S.S.
Fatty Acids 150 20 316 S.S.
Lactic 122 10 316 S.S.
Malic 122 10 316 S.S.
Nitric 167 20 Quartz
Phenol—2.4 Disulfonic 180 40 316 S.S.
Phosphoric 180 23 Quartz
Phosphoric (Aerated) 180 23 Stainless Steel
Proponic 180 40 Copper
Tannic 167/180 23/40 Quartz
Tartaric 180 40 316 S.S.

Acetaldehyde 180 10 Copper
Acetone 130 10 Incoloy
Air C/F Incoloy
Alcyl Alcohol 200 10 Copper
Alkaline Solutions 212 40 Steel
Aluminum Acetate 122 10 316 S.S.
Aluminum Potassium Sulfate 212 40 Copper
Ammonia Gas C/F Steel
Ammonium Acetate 167 23 Incoloy
Amyl Acetate 240 23 Incoloy
Amyl Alcohol 212 20 Stainless Steel
Aniline 350 23 Stainless Steel
Asphalt 200-500 4-10 Steel
Barium Hydroxide 212 40 316 S.S.
Benzene, liquid 150 10 Copper
Butyl Acetate 225 10 316 S.S.
Calcium Bisulfate 400 20 316 S.S.
Calcium Chloride 200 5-8 Quartz
Carbon Monoxide — 23 Incoloy
Carbon Tetrachloride 160 23 Incoloy
Caustic Soda 2% 210 48 Incoloy

10% 210 25 Incoloy
75% 180 25 Incoloy

Citrus Juices 185 23 316 S.S.
Degreasing Solution 275 23 Steel
Dextrose 212 20 Stainless Steel
Dyes & Pigments 212 23 Stainless Steel
Electroplating Baths

Cadmium 180 40 Stainless Steel
Copper 180 40 Quartz
Dilute Cyanide 180 40 316 S.S.
Potassium Cyanide 180 40 Quartz
Rochelle Cyanide 180 40 Stainless Steel
Sodium Cyanide 180 40 Stainless Steel

Ethylene Glycol 300 30 Steel
Formaldehyde 180 10 Stainless Steel
Freon gas 300 2-5 Steel

Max.
Maximum Watt

Material To Operating Density Sheath
Be Heated Temp (°F) (W/sq. in.) Material
Fuel Oils

Grades 1 & 2 (distilate) 200 23 Steel
Grades 4 & 5 (residual) 200 13 Steel
Grades 6 & bunker C

(residual) 160 8 Steel
Gasoline 300 23 Steel
Gelatin; Liquid 150 23 Stainless Steel

Solid 150 5 Stainless Steel
Glycerine 500 10 Incoloy
Glycerol 212 23 Incoloy
Grease; Liquid — 23 Steel

Solid — 5 Steel
Hydrazine 212 16 Stainless Steel
Hydrogen C/F — Incoloy
Hydrogen Sulfide C/F — 316 S.S.
Linseed Oil 150 50 Steel
Lubrication Oil

SAE 10 250 23 Steel
SAE 20 250 23 Steel
SAE 30 250 23 Steel
SAE 40 250 13 Steel
SAE 50 250 13 Steel

Magnesium Chloride 212 40 C-20, Quartz
Manganese Sulfate 212 40 Quartz
Methanol gas C/F — Stainless Steel
Methylchloride 180 20 Copper
Mineral Oil 200 23 Steel

400 16 Steel
Molasses 100 4-5 Stainless Steel
Naptha 212 10 Steel
Oil Draw Bath 600 23 Steel
Oils (see specific type) 400 24 Steel
Paraffin or Wax (liquid state) 150 16 Steel
Perchloroethylene 200 23 Steel
Potassium Chlorate 212 40 316 S.S.
Potassium Chloride 212 40 316 S.S.
Potassium Hydroxide 160 23 Monel
Soap, liquid 212 20 Stainless Steel
Sodium Acetate 212 40 Steel
Sodium Cyanide 140 40 Stainless Steel
Sodium Hydride 720 28 Incoloy
Sodium Hydroxide — See Caustic —

Soda
Sodium Phosphate 212 40 Quartz
Steam, flowing 300 10 Incoloy

500 5-10 Incoloy
700 5 Incoloy

Sulfur, Molten 600 10 Incoloy
Toluene 212 23 Steel
Trichlorethylene 150 23 Steel
Turpentine 300 20 Stainless Steel
Vegetable Oil & Shortening 400 30 Stainless Steel
Water (Process) 212 60 S.S., Incoloy

Properties of Heat Transfer Oils: Sheath material utilized is typically steel

Minimum Velocity of Material
Through Elements in Ft./Second

8 16 23 30
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Caloria HT 43 475 680 12 52.0 0.43 400 — 670 1.5 2.5 3 4
Dowtherm A 725 835 20 66.0 0.38 255 275 1150 .5 1 2 3
Dowtherm J 575 650 20 54.1 0.43 145 155 806 1 2 3 4.5
Dowtherm LF 575 675 20 63.0 0.40 260 280 1020 .7 1.5 2.5 3.5
Dowtherm G 675 775 20 68.6 0.37 305 315 1150 .7 1.5 2.5 3.5
Dowtherm HT 625 700 20 60.6 0.37 — — — 1.5 2.5 3.5 5
Marlotherm S 675 695 12 60.8 0.43 374 — 932 1.5 3 5 7
Mobiltherm 603 550 625 20 53.9 0.44 380 — — 1.5 3 5 7
Multitherm PG-1 565 640 12 54.2 0.45 340 385 690 1 2 3 4
Multitherm IG-2 575 650 20 54.8 0.47 440 500 700 .8 1.7 2.3 3
Syltherm XLT 475 550 12 52.6 0.40 116 130 662 1.5 2.5 4 5
Syltherm 800 725 800 12 58.7 0.38 350 380 725 1.5 3 5 7
Therminol 44 400 475 12 57.8 0.47 405 438 705 1 2 3 4
Therminol 55 560 605 12 55.2 0.46 350 410 675 1.5 2.5 3.5 5
Therminol 59 575 650 20 60.6 0.41 302 335 770 1.5 2.5 3.5 5
Therminol 60 560 655 20 62.6 0.39 310 320 835 1.5 3 5 7
Therminol 75 675 805 20 68.8 0.38 390 440 1000 1 2 3 4
Therminol LT 475 650 20 53.7 0.43 134 150 805 1.5 2.5 4 5
Therminol VP-1 725 800 20 66.7 0.37 255 280 1150 1 2 3 4
UCON 500 475 550 12 64.8 0.47 540 600 750 1 2 3 4

C/F –Consult Factory     NOTE: C-20 designates Carpenter Stainless #20

23T:  Watt Density and Operating Temperature Guidelines for Various Materials
The information presented is only intended as a guideline.  Adjustments may be necessary should variations occur in heat 
transfer, flow rates and temperatures.  The sheath material and watt density selected must be based upon the specific dynamics
of the application.  See complete Corrosion Resistance of Sheath Materials (24T).










