Nick Wald

Title:  Shaft Model Information

Topic:  DEFF, H2 and  DEFF, H2O 

Suggested Values:  T=1000 K    DEFF, H2 = 3.16 cm2s-1    DEFF, H2O = 0.8254 cm2s-1

The values for Diffusivity D at 1 atm pressure are given in the Table 1. below.  To find the DEFF, H2 and DEFF, H2O equation (1) below is used: 





DEFF = (D/(                                              (1)


 
          Given:     ( = 1.2     ( = 0.35 
Table1.  Diffusivity D at 1 atm pressure:  cm2s-1 = 10-4 m2s-1
	 
	 
	      Temperature, K
	 

	Gas
	300
	1000
	1500
	2000

	H2
	1.46
	10.82
	21.07
	33.9

	H2O
	0.28
	2.83
	5.79
	9.57


Darken, Hartley, and Crank were the ones that derived equation (2) below for diffusion:



         D=(C1V1D2* + C2V2D1*) dln a2/ dln C2                 (2)                                  
Equation (2) shows the thermodynamic effect on the interdiffusivity.

Reference

Turkdogan, E. T.  Fundamentals of Steelmaking.  The University Press, Cambridge, 1996.

To: Dr Howard

From: Anirudha Mahajan

Title: Shaft Model Information

Topic: Mass transfer Coefficients of H2 and H2O

Date : 03/27/02

R = 82.03 cm3.atm/mol/K
V = 117.97 cm/sec
Diameter of the particle, D = 1 cm
Pressure, P  = 1 atm
Tg = 1000 K
Density  
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Mwt H = 1 gm/mol
 H2 = 1.22 e-5 gm/mol
Mwt. H2O = 18 gm/mol
 H2O = 0.000195 gm/mol
 =  .0001 gm/cm.sec
Diffusivity H2, Diff H2 = 10.82 cm2/sec [1]
Diffusivity H2O, Diff H2O = 2.83 cm2/sec [1]
Reynolds no.   
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Re H2 = 14.28

Re H2O = 228.49

Schmidt no 
[image: image3.wmf]r

h

/

/

y

diffusivit

Sc

=


Sc H2 = 0.758

Sc H2O = 0.181

Mass transfer coefficients 
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k H2 =  44.012 cm/sec
k H2O =  20.185 cm/sec.

Suggested Values : Same as above.

References:

1. E. T Turkdogan, “Fundamentals of Steel Making”, pp87

Title:  Shaft Model variables

Subject:  Heat transfer coefficient “h”

From:  Lisa Schlink

The heat transfer coefficient was evaluated using the Ranz – Marshall Correlation.

Nu = hDi/k = 2+.6Re.5 * Pr.33

Therefore:

h = Nu(k/Di)

Where:


Di = particle diameter (m) = .02

k = thermal conductivity
 (Wm-1K-1) = (Cp+5R/4)/MWH2 = 4.016*103

Re = Reynolds number = Gg*R*Tg/P  = 117.186



Pr = Prandtl number = Cp/k = 1.515*10-3

 = Viscosity (Jm-3s)
 = .195

Using the equations above, a value of 5.547*105 was calculated for h.

The attached worksheet shows all variables, equations, and values for individual steps.


[image: image5.wmf]h

5.547

10

5

´

=

h

Nu

k

di

æ

ç

è

ö

÷

ø

×

:=

Nu

2.762

=

Nu

2

.6

Re

.5

Pr

.33

×

+

:=

Pr

1.515

10

3

-

´

=

Pr

Cp

h

×

k

:=

k

4.016

10

3

´

=

k

Cp

5

r

4

+

æ

ç

è

ö

÷

ø

h

M

:=

Re

117.186

=

Re

Gg

R

×

Tg

×

P

:=

The value for Cp of Hydrogen was found at <

http://webbook.nist.gov/chemistry/>. 

P is the pressure in atm.  di is the diameter 

of the pellet. 

h

 is the viscosity of H
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Dehong  He

Shaft Model Information

Vel :   Velocity of H2
=0.35

Gg=0.005gmoles/sec cm2
T=1000

V1=Gg/ =0.00175 gmoles/sec cm2
PV=NRT

V=NRT/P

Vel=nRT/PA      n=A(Gg/e)

Vel=A( Gg/  )RT/PA

Vel=( Gg/ )(RT/P)

Vel=(0.00175)(82.03x1000)/1 =144cm/sec

Data are from the class.

To: Dr. Howard

From: Amit R. Kurupathi

Title: Shaft Reactor Model Information

Topic: Calculation of Effective Diffusivity 

Date: March 27, 2002

Write up:
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   The diffusivity or diffusion coefficient, is a property of the system dependent upon the temperature, pressure, and nature of the components.

  The effective diffusivity is directly proportional to the porosity of the material and diffusivity of the gas and inversely related to its tortuosity.   

It is given by the expression

 D
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 Where     D
[image: image9.wmf]eff

i

= effective diffusivity in cm2/sec
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Tortuosity is defined as the path taken by a particle in a gas, which travels in a crooked path from point A to point B.

1Values for Diffusivity of H2 and H2O

DH2 = 10.82 cm2/sec @ 1000K and 1 atm

DH2O = 2.83 cm2/sec @ 1000K and 1 atm

Suggested Values for Effective Diffusivity

D
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D
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1Ref: ‘Fundamentals of Steel Making’: E.T. Turkdogan; PP 87
To: Dr. Howard

From: Hao Du

Title: Shaft Model Information

Topic: CpNi and CpNiO at 1000oK
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Reference: Thermophysical Properties of Matter

Suggested Values: The suggested values are the same as above.

David Brewer

Title:  Shaft Model Information

Topic:  “a” Calculate Summary

The value a is given by the equation:
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Assuming the pellet is spherical, the surface area is:
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The volume of the pellet is:
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The pellet does contain voids.  The void fraction of the pellet is represented by .  

The volume that the pellet takes up in the volume of the bed is Vp(1-Therefore “a” can be represented by:
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Suggested Values:

In the HCP  is approximately equal to 0.35.  The suggested diameter of the pellet is approximately 2 cm.  These values would yield a = 1.95.  

Mar.  27, 2002

Memo

Title:
Shaft Model Information

Topic:
Heat Capacities of Ni & NiO


Summary


The heat capacities for both the pure metal and its oxide are listed below.  These values determine the amount of heat per mol that the material can hold before phase changing into another state.

Values

Cp for Ni
= 444 J/(mol*K)

Cp for NiO
= 35.109 J/(mol*K)
for gamma phase (500-1200K)

References
http://allmeasures.com/Formulae/static/formulae/specific_heat_capacity_300K/
http://www.gfz-potsdam.de/pb4/pg1/dataset/thermo/cp.html
To: Dr. Howard
From: Kim, Nam Soo (peter)

Title: Shaft Reactor Model Information

Topic: G & Kp  at 1000 K

NiO + H2 ( Ni + H2O

At 1000 K

	
	Gf (Cal/mol)

	NiO
	-35936

	H2O
	-46224


G = -10288 Cal/mol

Kp = 177.26

Reference: 
1. CRC Handbook of Thermophysiccal and Thermochemical Data

2. F*A*C*T (www. Crct.polymtl.ca/)

� The Making, Shaping, and Treating of Steel.  Editor Richard J. Fruehan.  11th Edition, AISE Steel Foundation. page 56, table 2.4.


� The Making, Shaping, and Treating of Steel.  Editor Richard J. Fruehan.  11th Edition, AISE Steel Foundation. page 56, table 2.3.
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