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NOMENCLATURE

English Letter Symbols

.

Matrix total heat transfer area, £t
Matrix minimum free flow area, ft2
Matrix total frontal area, £t2

Solid matrix cross sectional area available for thermal
conduction, fr2

Conduction area corrected for effect of perforations, ft2
Plane surface area, ft2

Plate thickness, ft

Short side of a rectangular flow passage, ft

Plate spacing, ft or in,

Long sidz of a rectangular flow passage, ft

Flow stream capacity rate, (ﬁcp), Btu/(hr °F)

Matrix capacity, W.c, Btu/°F

Specific heat at constant pressure, Btu/{1ba°F)

Matrix material specific heat, Btu/(1bm°F)

Hydraulic diameter, Arh
Inside pipe diameter, in.

Flow friction power per unit area, HP/ft2

Mean friction factor, dimensionless. This is the "emall"

or "Fanning" friction factor. (Ratio of wall shear stress
to the fluid dynamic head.)

Exchanger flow stream mass velocity, (ﬁ/Ac). 1bm/ (he ftz)

Proportionality f,ctor in Newton's Second Law, s ° 32.2
(1bm f£t)/(1bf sec’)

Unit condugtancc for thermal convection heat transfer,

Btu/(hr ft* °F), or heat transfer pover per unit area
per degree temperature difference, Btu/(hr f£t2 °F)
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English Letter Symbols (continued)

b Colburn factor = NST NPR2/3’ heat transfer characteristic,
dimensionless

j! Colburn j factor based on plane surface area, A*, dimension-
less

Kc’ Ke Contraction loss coefficient for flow at heat exchanger

entrance or exit respectively, dimensionless

k Unit thermal conductivity, Btu/(hr ft2 °F/ft)

ks Matrix thermal conductivity, Btu/(hr ftz °F/ft)

L Total matrix flow length, ft

m Mass flow rate, lbm/hr

P Pressure, 1bf/ft2

p Porosity for matrix surfaces, dimensionless

q Heat transfer rate, Btu/hr

R Gas constant, (ft 1bf)/(lbm °R), (53.35 for air)

L2 Hydraulic radius, (AcL/A), ft, (Iorh = hydraulic diameter)

8 Solidity of a perforated material, l-u, dimensionless

T Absolute temperature, degrees Rankine, °R

t Temperature, degrees Fghrenheit, °F

Vm Matrix volume, ft3

V. Material volume corrected for effects of perforations

w. Mass of matrix, lbm

x Distance along the flow passage in direction of flow, ft

Greek Letter Symbols

o Aspect ratio of a rectangular flow passage, b/a, dimension-
less

8 Compactness; ratio of Eota heat transfer area to the volume
between the plates, ft*/ft

4 l'Deno:cl difference

§ Fin thickness, ft
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Greek Letter Symbols (continued)

g

Subscripts

atm

Conduction area reduction ratio due to perforations in
perforated material; cross sectional area of pe-forations/
cross sectional area, dimensionless

Time
ksAs
Longitudinal conduction parameter, i dimensionless
P

Time parameter
Fluid viscosity coefficient, lbm/hr ft

Area reduction ratio due to perforations in perforated
material, dimensionless

Density, 1bm/ft3
Ratio of freeflow area to frontal area, Ac/Afr’ dimensionless
Denotes "function of"

Compactness for perforated mcterial including the effect
of area reduction, A*s/VA, dimensionless

Summation

Local atmosphere

Fluid

Initial, individual

Equivalent

Mean or matrix, as appropriate
At orifice

(Matrix material) solid

Standard temperature and pressure
Upstremm

Dovnstrean

viii
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Dimensionless Groupings

Ny

NR(p)

NSt

NNu

NPr

NTu

i

Reynolds number, (ArhG/u), a flow modulus

Reynolds number for pipe, (dG/u)

Stanton number, (h/ch), a heat trinsfer modulus
Nusselt number, (hérh/k), a heat transfer modulus
Prandtl number, (ucp/k), a fluid properties modulus
Number of heat transfer units, (hA/ﬁcp)

Generalijed heat transfer grouping - Colburn "j" factor,
(NStNPrz 3). This factor versus NR defines heat transfer

characteristics of the surface.

Mean friction factor. This is the "small" or "Fanning"

friction factor (Ratio of wall shear stress to the fluid
dynamic head). This factor versus Np defines the fric-

tion characteristics of the surface.

Conduction parameter, ksAs/ﬁLc for solid material;
kgAy/hLc, for perforated material

Equivalent conduction parameter (Eorrected for equivalent
length in perforated material), Ark

hA

We
8 8

Time parameter, e
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INTRODUCTION

The present investigation i8 an outgrowth of the continuing program

at Stanford University [8]1 for the evaluation of heat tranifer surfaces.

The experimental work reported by Howard [4] was performed at the U. S.

Naval Postgraduate School, fontzrey, and a continuation of that work is

prerented herein.

DESCRIPTION OF SURFACES

The eight compact heat exchanger surfaces tested were:

1. Skewed passage

a.

20° total skew angle; 160/40 TV perforated nickel

2. Modified parallel plate

160/40 TV perforated nickel

160/40 Q perforated nickel

125 M perforated nickel

125 P perforated nickel

50 G perforated nickel

160/40 TV perforated nickel fins with solid nickel splitters

solid nickel

The skewed passage surface employs corrugated sheets of 160/40 IV per-

forated nickel, stacked alternately with the lines of corrugations 10°

from the flow direction, thereby forming a total angle of 20° between

1

Numbers in brackets refer tvo numbered items listed in References.

1
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adjacent stacked plates. It is the same geometry as one employed by
Howard [4]. The modified parallel plate surfaces were made by alternately
stacking a formed plate and a plane splitter plate to prevent nesting, as

shown in the sketch below and in the enlarged photograph of Figure 30,

*rﬂzfﬁ

The flow channels formed by this geometry may be compared to rectangular

P

channels with an aspect ratio, a = b/a, of about 7,

The perforated nickel plate employed is an electro-deposited metallic

sheet of integral structure manufactured by Perforated Products, Incorporated.

This matevial is described in detail in Appendix C. The geometrical and
phyaical properties of the surfaces are given in Figures 3 through 7.
All matrices formed had a frontal cross section of approximately
3.2 inches square and s length of 2.0 inches in the flow direction. All
matrices had flow passages with a hydraulic diameter of approximately

.002 feet, thus the L/DH ratio in all cases was of the order of 83.




PRESENTATION OF RESULTS

Heat transfer and flow friction data for each matrix investigated
are given in both tabular and graphical form, TABLES I through VIII and
Figures 9 through 16, using the Colburn j modulus, Fanning friction factor,
and Reynolds number. In evaluating the Reynolds number, the hydraulic
diameter, which is defined as four times the hydraulic radius, was used.
The effects of entrance, exit, and flow acceleration have been considered
in the evaluation of f£f. (See Appendix A).

Figures 17 through 22 show heat transfer and friction comparisons
between various matrices investigated. Also plotted in Figure 18 for
comparison purposes are the theoretical laminar flow solutions for
parallel plates -and rectangular passages [6, 8, 11]} Both solutions are
for an infinite length to hydraulic diameter ratio, and the heat transfer
solutions are for constant wall temperature. In Figures 23 through 25,
"figure of merit" type curves are presented. The j/f versus Reynolds
number thus plotted gives an indication of the required matrix flow
frontal area for a given pressure drop.

Lastly, in Figures 26 through 28, heat transfer power versus flow
friction power curves on a unit area basis, evaluated for fluid proper-
ties at standard conditions of dry air at 500°F and one atmosphere, are

presented (See Appendix A).

EXPERIMENTAL METHODS
To obtain the heat transfer data, a transient technique was employed.
Briefly, this method consists of heating the test matrix by heated air

to a uniform temperature (approximately 20°F above ambient in thase tests)




and then subjecting the matrix to a step change in the air flow tempera-

ture to ambient temperature. The air temperature downstream of the

£y
-

matrix is monitored and recorded versus time. There are several ways
of constructing such a test rig [4, 10, 12]. The one used in these tests
is shown in Figure 1, and described in detail in Appendix B.

A series of fine nichrome wire heaters were installed upstream of
the matrix to heat the air. Turning off the heaters provides the step
change in temperature of the air without disturbing the flow. By
referencing the thermocouples downstream of the matrix to the thermo-
couples upstream of the heaters, the initial temperature difference can
be very closely controlled. This temperature difference is continuously
recorded by a strip chart recorder when a run is made. This recordéd
trace has the distinct advantage in that there is no transposition of
data required which would produce increased uncertainties. Reduction of
the data follows the method of Locke [10] and Howard [5], whereby the
Ntu of the'surface can be evaluated by determining the maximum slope of
the fluid temperature difference versus time curve during the cooling
transient.

Pressure drop data for evaluating the friction factor were obtained
from static pressure taps located in the test section immediately upstream
and downstream of the matrix. The static pressure immediately upstream
of the matrix was also recorded. Velocity profiles were taken just
upstream of the matrix to assure that uniform flow conditions were being
maintained by the screen pack straightener and by the wire heaters. The

flow was measured by an A.S.M.E, standard D and D/2 orifice meter with

- e -
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changeable orifice plates [14], and was located downstream of the test
section. Various manometers were used consistent with the pressure

range encountered. All pressure drop data for evaluating the frictionm
factor were taken under ambient air conditions (i.e., isothermal flow).

The data reduction relationships are given in detail in Appendix A.

EXPERIMENTAL UNCERTAINTIES

The experimental uncertainties can be considered to be in two cata-
gories. First, in the manner ‘in which the experimental gear attempt§ toi
meet the idealizations of the experimental method. These are discussed
in detail by Howard in [4] and [5].

By insuring uniform flow to the matrix, minimizing the temperature
change to minimize fluid property changes, and in the careful design
of the fluid heater, these idealizﬁtions are met. The second catagory
can be grouped in three areas: |

(1) uncertainty of physical constants,

(2) inaccuracy in the geometric measurements,and

(3) instrumentation inaccuracies.

For the determination of the uncertainties reported, the method of Kline
and McClintock (9] was used.

(1) Values for the physicsl constants required were obtained from
(1), [2), and [3]). The uncertainties in these values, as best as can be

deteimined, are listed below:

Cy t  0.5%
c ¢t 0.52
P .
NPr t 2,02
k. t  0.5%
p t  1,0%




‘It is noteworthy that the accuracy for the value of o depends upon
the metal used. Where pure metals are used the accuracy quoted is
feasible; however,this is not the case with alloys. Thus the tolerance
of c, can be a major cause for inaccuracy [10].

(2) Due to inconsistencies in eonstruction of the matrices, errors
in lineal dimensions are considered to be * 0.5Z. Inasmuch as the
weigh; of the matrix can be determined as accurately as desired, the
error in VS is considered negligible. Based on this, the uncertainties
in geometric measurements are considered to be as follows:

| A, Afr’ Ac, As, Ak’ t 1.02
L 0,57
»WS < 0.1%, negligible

(3) Instrumentation inaccuracies were essentially those cbtained
in pressure measurement. With the exception of the temperature measure-
ment at the orifice, all temperatures recorded were temperature dif-
ferences which were recorded in inches (See Appendix A). The temperature
measurement at the orifice was obtained by a copper-constantan shielded
thermocouple which was read by a Leeds and Northrup portable potentio-
meter. Assuming adequate manufacturer's calibration of the thermocouple
wire, the estimated possible error is * one-half of the smallest division
on the potentiometer, or * 0.0025 millivolts which is approximately %0,1°F.

Since the range of pressures varied, requiring several different

manometers, the maximum uncertainty encountered was used in the uncertainty

analysis. These values are listed below:

P t 1,25%

)
AP t 1,252

)
AP t 1,702

n

"
Patm t 0,0005" Hg (negligible) f

6 .




Qne final parameter for which uncertainty must be determined before
an analysis of the experimental results can be made is NTu' Inasmuch as
Colburn j factor is not a linear function of Reynolds number, uncer-
tainty for high and low NR values was considered. Using Figure 3-A
of reference [4] or Figure 5 of reference [5] and the uncertainty in
maximum slope as 2.0% the uncertainty interval using reference [9]
in the Colburn j factor varies from ¢ 7,5Z at high Reynolds Numbers to
t 10,2% at low Reynolds Numbers. The uncertainty interval for Reynolds

Number is ¢ 2,32, and for the friction factor, f, the uncertainty

interval is t 4,3%.

DISCUSSION OF RESULTS

The perforated nickel matrices investigated covered a wide range of
percent open area, 12 to 50%. ‘Both slotted and round perforated nickel
surfaces were evaluated for the "modified parallel plate" geometry. The
perforated nickel geometric properties are given in APPENDIX C for the
various types investigated. In order to make a reasonable comparison of
the performance among these matrices, the same frontal area and flow
length were specified. Results are presented in Figures 9 and 10 and
listed in TABLES I and II for the slotted perforated nickel matrices;
those for the round perforated matrices are given in Figures 11, 12, and
13 and tabulated in TABLES ITI, IV, and V. ‘

In order to establish a meaningful fiducial point, a solid nickel
matrix of the identical material (obtained from the same manufacturer)
with the same frontal area and flow length as the perforated matrices was

fabricated. The performance of this matrix is illustrated in Figure 15

with tabular values given in TABLE VII.

IR




The best performing slotted perforated nickel matrix was the 160/40Q.
The 50G round perforated nickel (50Z open area) was the best surface in-

"parallel plate" nickel matrices.

vestigated among the

Ag another approach to evaluating the Colburn j factor, j' was con-
sidered. The parameter j' is based on the plane surface area, A%, as
if no perforations were present; whereas, j is based on the heat transfer
surface area, A, which inciudes the plate solidity correction, s. The
value of j' is readily attainable from the relationship j' = j x s,
where s = A/A*, (See Appendix D). The determination of the solidity
1s fully described in APPENDIX C. Figure 13 for the 50G perforated
nickel matrix includes the values for j' versus Reynold's number in
addition to the f and j values,

A comparison of the performance of the two slotted perforated
matrices together with the solid nickel matrix is shown in Figure 19.
A similar comparison for the round perforated nickel matrices is given
in Figure 20.

It is readily apparent that the perforated material yields a
higher heat transfer characteristic. Inasmuch as the friction factor
also shows an increase, a more appropriate comparison can be made from
the flow area "goodness'" factor curve in Figures 23 through 25. The
“"heat transfer power (hSTD) versus flow friction power (ESTD) per unit
area given in Figures 26 through 28, is another "goodness" factor
evaluation. Here the information for each of the matrices is presented
based on standard conditions for fluid properties and a common hydraulic
diameter, (See APPENDIX A).

So that an appreciation for the perforated material might be realized

in direct transfer type of heat exchanger application in addition to its

8




use in matrix type for rotary regenerators, a "parallel plate" matrix
with the 160/40TV perforated nickel fins and solid nickel splitter plates
was fabricated. The performance of this matrix is given in graphical

and tabular form in Figure 14 and TABLE VI. A comparison with the solid
nickel matrix is made in Figure 21. Figure 25 contains the j/f presenta-
tion and Figure 26 shows the hSTD vs. ESTD for this matrix. Here again
is a noticeable increase in heat transfer performance, but with a
negligible increase in friction factor.

For the 160/40TV perforated nickel material, a 20° skew matrix was
compared in performance against the "modified parallel plate" to see
how these two configurations compare with one another. The separate
performance for each has been mentioned previously; however, the
direct comparison is shown in Figure 22, As with the other nickel surfaces,
the flow area "goodness" factor is represented in Figure 23.

In the results of this investigation are several items which are
general in nature, but nonetheless extremely important. In the laminar
Reynolds number range, friction factor is inversely proportional to
Reynolds number. By Reynolds analogy, it was anticipated that the Colburn
j factor should likewise be inversely proportional to Reynolds number in
this region. However, the experimentally obtained values of j in the
lov laminar Reynolds range utilizing the equivalent conduction length
(defined in APPENDIX C) together with Figure 2-A of [4) or Figure & of
[S]) yielded lower than anticipated values for j. Assuming the Reynolds
analogy to hold the j vs. NR experimental curve was extrapolated, shown

as a dashed line on the Figures. The j and Ntu values obtained in this

manner at the given experimental NR are asterisked in the Tables.

p- e




The second item is that of an equivalent conduction length which
was stated earlier. In the perforated fin material the slots or round
holes, as the case may be, provide for a winding heat flow path. It
" was appreciated that the matrix flow length, L, was not the true con-
duction path but somewhat less than actual. A mean conduction path
length evaluation is presented in APPENDIX C. The conduction parameter,
A, based on the flow length, L, was evaluated, and by simply multiply-
ing by the ratio L/Lk (also given in APPENDIX C), the value of A, was
determined.

The entrance and exit length effects for a matrix with a small
hydraulic radius are small. In the evaluation for Fanning frictionm
factor (APPENDIX A), the effects of exit and entrance length were
considered using values of Kc and Ke from Figures 5-3, -4, or -5 of
reference [8], as appropriate. For the perforated surfaces, the K values
were taken corresponding to laminar flow conditionms.

A final item worth mentioning is again concerned with the low
Reynolds range. A slight alteration in the conduction parameter value

has a marked effect on the N . value in this range. For this reason,

Tv
vhen utilizing a nickel material, or any other material with a wide
range of specified values for thermal conductivity, it is mandatory

that the appropriate value of k. be obtained. The value of ) is

directly proportional to this k‘ value, i.e.,
kcAs

A - L E c

P

10
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CONCLUSIONS

A very definite improvement in performance is achieved with the
utilization of a perforated material. Kays [6] postulated the
improved heat transfer characteristic without "a large amount of
form drag so characteristic of high performance surfaces". The
perforations apparently disturb the thermal boundary layer to a
much greater degree than the hydrodynamic boundary layer. The
perforated nickel matrices investigated herein confirm Kays'
hypothesis.

The experimentally determined Colburn j values in the low
Reynolds range were lower than the j values obtained by extrapolating

the § versus N, curve from the higher Reynolds range. Because of the

R

large uncertainties involved in the low Reynolds range the extra-

polated data are considered more reliable. ‘
Effects of longitudinal conduction have been considered in

the analysis of data. For the perforated material matrices, correc-

tions for the actual conduction path length and for the area removed

by the perforations have been included.

The best performance for a perforated "parallel plate" matrix

vas attained by the 50G type material.
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W
v




3

5.

7.

9.

10,

11.

REFERENCES

Eldridge, E. A. and Deem, H, W. Report cn Physical Properties of
Metals and Alioys from Cryogenic to Eisvated Tempera-
tures. Philadelphia: American Society for Testing
Materials, 1961.

Goldsmith, A., et.al. Handbook of Thermophysical Froparties of
Solid Materials. Revised Edition, Voi. I,
Elements, New York: The MacMiilan Company, 1961.

Hilgenrath, J., et. al. Tables of Thermodynami: and Transport
Properties of Air, Argon, Carbon Monoxide, Hydrogen,

Nitrogen, Oxygen, and Steam. New York: Permagon Press,
1960.

Howard, C. P. "Heat Transfer and Flow Friction Characteristics
of Skewed Passage and Glass-Ceramic Heat Transfer
Surfaces", Technical Report No. 59, Depariment of
Mechanical Engineerirg, Stanfora Uaiversity, Stanford,
California, October 1963.

Howard, C. P, "The Single Blow Probliem Including the Effect=s of
Longitudinal Conduction", ASME paper No. 64 - GTP ~ 11,

Kays, W. M. '"The Heat Transfer and Flow Friction Characteristics
of a Wavy Fin, a Strip Fin, and a Perforated Fin Heat
Transfer Surface", TR. No. 39, Department of Mechanical
Engineering, Stanford University, Staniford, Calif.,
October 31, 1958.

Kays, W. M. and S. H. Clark. "A Summary of Basic Heat Transfer and
Flow Friction Design Data for Plain Plate-Fin Heat
Exchanger Surfa:es", Technical Report No. 1?7, Dept. of
Mechanical Engineering, Stanford University, Stanford,
California, August 15, 1953.

Kays, W. M. and A. L. London. Compact Heat Exchaagers. Second
Edition. New York: McGraw-Hill Book Company, Inc.,

1964,

Kline, S. J. and F. A, McClinzock. 'Describing Uncertainties in

Single-Sumple Experiments", Mechani:zal Enginsering,
Jaauary, 1953, pp 3-8.

Locke, G. L. "Heat Transfer and Flow Friction Characteristics of
Porous Solids”, TR. No. 10, Dept. of Mcchanical
Engineering, Stanford University, Stanfcrd, Calif.,
June 1, 1950.

London, A. L. "New Developments in Compact Exchangers - Design
Theory, Surfaces, and Applications”, lecture presented
at 6th Natinnal ASME - AIChE Heat Transter Conference,
Boston, Massachusetts, August, 1963. Also "Compact

Heat Exchangers” in three parts in Meshanical Enginecring,

Vol. 86, Nos. 5, 6, and 7, 1964.
12

IR




"Effects of Longitudinai Thermal Conduction in the

12, Mondt, J. R.
Solid on Apparent Convection Behavior, with Data for
Plate-Fin Surfaces', 1961 International Heat Transfer

Conference, Boulder, Colorado, Paper No. 73, Proceedings,

ASME.
13. Murdock, J. W. "Tables for the Interpolation and Extrapolation
of ASME Coefficients for Square-Edged Concentric
Orifices", ASME paper, No. 64 - WA/FM - 6.

14. American Society of Mechanical Engineers. Power Test Code
Supplements, Instruments and Apparatus, PTC - 19.
S.4 Flow Measurement, Chapter 4. New York: ASME 1959,

13

> it
i

JRPETACITEE——




PWEERT Az

e

uojy3deg
31891 XTI3IBW

=> ‘

Iau3jy3d3jeaas
uaaidg

! T
d d

sdey
2anssaxg
XIIIZTR

U0J309G
193eay

sn3yvaeddy 3831 jJo wwaSweig >jIvERYdS

*1 2an8313

208891dwmo) 01

Ui

01 2213110 -
eu. t—-—=—"1—-—-" IATEA
. $ 1013009
! mo13
: m 1 <
lo |
1 1
i |
1 I
S W R
sdel
sansgaig
2313F320 aA1®A
UOTIOIS JUIMIINSTIR MOTJ sseg £g

-
-




1 &1
Q
&
b
o
Gy
v
=
;8
+ 4 Q. D=
oY ] 3 .:-, -
{ PR
o 1
. . “ ) M T
v DO O Qg e
v 0w, o m ,9 §3 C; T*
—_ .u ‘Qe . (B0 I (S B VR PR
1 "* pE I ~ Lt 300
'-CD r; . 42 ] O O vy
Lo W e QOO0 D N
hil r_)u)homorr) N
> i [ N
P B0 BEF AT B = I
(AR B S I S B ST
S o TRV IR LS - O &5
o N 30
‘ [ ST ST S

et
'
o
[
o
I
-
.



Matrix Material

Specific Heat (cs) 3tu/ib F

‘Thermal Corncuctiviuy (K,) Hiu/ nr 1t

Material Thickness, incues

Total Heat Transfer Arca (A) fu<
Frontal Ares (Aen) U

Total Cornduction Liwy (Ak) ree
Free Flow area (h.)
Matrix Volume (/g)
Matrix Densivy (Q,n) R
Hydraulic Diameter (Lu)
Compactness (é) R LA

Porosity (p)

160/40 TV 160/40 Q
Perf.Nickel Perf.Nickel
0.106% 0.1065

F 38,7 : ©38.7
0.0022 0.0016
18,593 16,2667
0.06Y5% 0.06953
OeOuliuly 0.002887
G.0584 0.06142
Caliasug 0.011588

3.5 59.2

0.0ul%29 0.002028
IV 1403.8
U840 0.883

Fipure *, JGeometric o pnyuiead Properties of Slotted
Fort.roed Niokes Lotu/ul .J ana Af)U/l.U Q)
THaraeau. LT Laurines

Best Available Copy
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Matrix Material

Specific Heat (cg) Btu/lb °F

Thermal Conauctivity (kg) Bti/ ar ft OF
Fin Thickness, inches

Splitter Thickness, inclrec

<

Total Heat Transfer area (i) f&

Frontal Area (Afr) ftz

Total Conduction Area (Ak) fLE
Free Flow Area (A.) 14
Matrix Volume (V,) ft°

Matrix Density ( @ ) lb/ft3
Hydraulic Diameter (Dy) ft
Compactness (@) ft2/1t]

Porosity (p)

1()0//;0 TV Fins -
Solid Nickel Splitters

0.1065
38.7
0.0022
0.0020
19,3084
0.06953
0,00689
0.05883
0.011588
69.1
0.00194
1666.2
0.8u6

Figure 5. Geometric and Physicul Properties of Slotted Perforated
Mckel Fin (160/40 TV) with Solid Splitters,"Parallel

Plate" Maurix
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Matrix Material

Specific Heat (cg) Btu/lb °F
Thermal Conductivity (kg) Btu/ hr ft °F
Material Thickness, inches

Total Heat Transfer Area (A) ft<
Frontal Area (App) ft?

Total C&nduction Area (Ag) 12
Free Flow Area (A,) ft2

Matrix Volume (Vi) £t

Matrix Density ( Q ,) 1b/1t3
Hydraulic Diameter (D) ft
Compactness (@) l‘t.z/t"c.3

Porosity (p)

Solid Nickel
0.1065
38.7
0.0020
20.1875
0.06953
0.01014
0.05939
0.011588
7.9
0.001961
1742.1
0.854

Figure 6. Geometric and Physical Properties of a
Solid Nickel "Parallel Plate" Matrix
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Matrix Material

Specific Heat (ecg) Btu/lb F
Thermal Conductivity (kg) Btu/ hr ft F
Material Thickness, inches

Total Heat Transfer Area (i) ft<
Frontal Area (Ap.) ft?

Total Conduction Area (A,) ft2
Free Flow Area (A,) e

Matrix Volume (Vy) £t

Matrix Density (@,) 1lb/rt’
Hydraulic Diameter (Dy) ft
Compactness (@) ft2/rtl

Porosity (p)

20 Degree Skew
160/40 TV
Perf .Nickel
0.1065

38.7

0.0022
151
0.0734
0.00349
0.06412
0.01211
50,1
0.00252
1272.8

0.873

Figure 7. Geometric and Physical Prcperties of a Slotted
Perforated Nickel (160/40 TV) 20° Skew Matrix
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