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(57) ABSTRACT

Apparatus and method for providing a velocity flow profile

near a reference surface. A measuring device utilizes a

plurality of thermojunction pairs to provide the velocity flow

profile in accordance with behavior of a gas relative to a

constant thickness strut which stands vertically from the

reference surface such that the span is normal to the surface,

and the chord is parallel to the surface along the initial flow

direction. Each thermojunction is carried on either side of a

heater formed on a measuring surface in a constant thickness

portion of a strut. Additionally, each thermojunction of a

given pair is located at a predetermined height from the
reference surface. Gas velocity data obtained from tempera-
ture differentials from one side of the heater to the other at

each successive height is utilized to generate the velocity

and turbulence level profiles.

16 Claims, 5 Drawing Sheets
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THERAIOCOUPLE BOUNDARY LAYER
RAKE

ORIGIN OF THE INVENTION

The invention described herein was made by employees

of the United States Government and may be manufactured

and used by or for the Government for Government pur-

poses without the payment of any royalties thereon or
therefor.

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention pertains to the art of methods and appa-

ratuses used to determine a velocity flow profile at a bound-

ary layer and more particularly to the use of a thermocouple

rake to relate temperature differentials to a velocity flow

profile.

2. Description of the Related Art

The flow profile near a surface is essential information
needed to calculate viscous shear force, and to develop a

turbulence model for computation fluid dynamic (CFD)

application.

There are two general methods used in the art to measure

the boundary layer velocity profile. One is a total pressure

rake consisting of an array of total pressure probes on the
order of 0.02 inches in diameter. The total pressure rake can

produce very steady and reliable data, but the physical

requirements of the device prevents measurements

extremely close to the surface.

Another method uses what is termed "hot-film" or "hot-

wire" as set forth in U.S. Pat. No. 4,727,751. These type of

devices have the disadvantages of higher uncertainty in the

measurements and greater susceptibility to breakage. Also,

thermal transfer concerns create an inability to obtain mea-
surements close to the surface. Such thermal transfer con-

cerns are not encountered in the use of the present invention.

U.S. Pat. No. 4,587,843 is directed to a thermocouple-

type gas-flow measuring apparatus including a plurality of

thermocouples formed in series on a substrate. The series of

thermocouples is used to enhance the signal amplitude to

provide the stream velocity of a fluid, rather than a velocity

profile provided by the present invention_

None of the above mentioned devices or methods provide

a velocity flow profile as close to a surface as can be

produced by the present invention.

SUMMARY OF THE INVENTION

The present invention is directed to a fluid-flow measur-

ing device which utilizes one or more pairs of thermo-

couples to provide a velocity flow profile.

In accordance with the present invention, there is pro-

vided an apparatus adapted for providing a velocity flow

profile of a gas flowing over an associated surface wherein

the gas is associated with an initial flow direction. The

apparatus includes a strut adapted to stand vertically from

the associated surface, the strut including a constant thick-

ness portion located between first and second ends, the

constant thickness portion including a measuring surface

being disposed parallel to the initial flow direction, a heater

carried on the measuring surface for heating the gas as it

passes the measuring surface, detecting means being oper-

able to detect temperature differences from one side of the

heater to the other side as the gas passes the measuring

surface at successive predetermined heights above a refer-

2

cncc line adaptcd to bc aligned in parallel relationship to the
associated surface and means for relating the temperature

differences to gas velocity data at each of the successive
heights whereby the gas velocity data at the successive

5 heights provides the gas velocity profile.

According to ,another aspect of the invention, the detect-

ing means includes a plurality of therrnojunction pairs
carried on the measuring surface, wherein one of each of the

thernlojunction pairs is located on a first side of the heater

Jo and the other one of the thermojunction pair is located on a
second side of the heater, and wherein successive pairs of

thernmjunctions are located at the successive predetermined

heights.

According to another aspect of the invention, the appa-

15 rams includes a first electrically conductive material carried

on the measuring surface and extending between the first
and second sides of the heater and being electrically insu-

lated therefrom, and a second electrically conductive mate-

rial carried on the measuring surface, the second electrically

20 conductive material joining the first electrically conductive

material on the first side of the heater to form the thernm-

junctions on the first side of the heater and joining the first
electrically conductive material on the second side of the

heater to form the thermojunctions on the second side of the

25 heatei'.

According to another aspect of the invention, the first

electrically conductive material is selected from the list

consisting of chromel, alumel, platinum, platinum alloys,

gold, and the like.

30 According to another aspect of the invention, the second

electrically conductive material is selected from the list

consisting of chromel, alumel, platinum, platinum alloys,

gold, and the like.

According to another aspect of the invention, the heater

35 comprises a material selected from the list consisting of

alumel, platinum, and the like.

According to another aspect of the invention, the strut is

formed of quartz, or any other low heat conductive material.

According to another aspect of the invention, the first and
4o secondends of the strut are beveled.

According to another aspect of the invention, there is

provided a method for providing a velocity flow profile of a
gas flowing over an associated surface. The method includes

the steps of providing a device having a measuring surface
45

adapted to be aligned perpendicularly to the associated

surface, the device being operable to determine gas velocity

at successive predetermined heights above a reference line

as the gas flows past the measuring surface; causing gas to

flow past the measuring surface; obtaining gas velocity data
5o

at the successive predetermined heights; and, utilizing the

gas velocity data to provide a velocity flow profile.

One advantage of the present invention is that a velocity

flow profile can be attained very close to the reference
surface.

55
Another advantage of the present invention is that the gas

velocity data may be obtained simultaneously at various

heights to provide a simultaneous velocity flow profile.

Another advantage of the present invention is that flow

60 reversals can be detected and measured.

Another advantage of the present invention is that the

turbulence levels at various heights can be obtained simul-

taneously close to the reference surface.

Still other benefits and advantages of the invention will

65 become apparent to those skilled in the art to which it

pertains upon a reading and understanding of the following

detailed specification.
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BRIEF DESCRIPTION OF TIlE DRAWINGS

The invention may take physical form in certain parts and

arrangement of parts, a preferred embodiment of which will

be described in detail in this specification and illustrated in 5
the accompanying drawings which form a part hereof and
wherein:

FIG. 1 is graphical representation of the computed gas
flow behavior relative to a constant thickness airfoil;

HG. 2 is schematic representation of a preferred embodi- 10

ment of the present invention;

FIG. 3 is a top plan view of a velocity flow profile device

according to the present invention;

FIG. 4 is a side view of a strut having a series of
15

thermojunction pairs deposited thereon;

FIG. 5 is a perspective view of a gas flow channel with a

prior art total pressure rake and a device according to the

invention mounted therein for calibration purposes; and,

FIG. 6 is a graphical representation of gas velocity data 2o
obtained by a total pressure rake and the voltage output

obtained by the present invention as shown in FIG. 5.

DESCRIPTION OF THE PREFERRED

EMBODIMENT
25

The present invention is directed to a fluid-flow measur-

ing device which utilizes a plurality of thermojunction pairs

to provide a velocity flow profile. The device utilizes the

dynamics of fluid motion relative to a constant thickness

airfoil which stands vertically from a reference surface such 3o

that the span is normal to the surface, and the chord is

parallel to the surface along the flow direction.

Theoretically, the surface velocity of a fluid in the con-

stant velocity region of a constant thickness airfoil matches

the velocity of the fluid in a region ahead of the airfoil, 35

shown graphically in FIG. 1. This principle is utilized in the

device and methods of the present invention. Further, the

velocity ahead of the airfoil varies depending on the vertical
distance or height from the reference surface. The device of

the present invention is able to detect the variation of these a0
velocities inside the boundary layer. Further, the device and

methods of the present invention provide information con-

cerning flow direction as well as speed close to the boundary

layer.

A preferred embodiment of the invention will be 45

described with particular reference to the schematic repre-
sentation shown in FIG. 2. The device 10 of the present

invention includes a plurality of thermojunction pairs 1, 1';

2, 2'; 3, 3'; . .. n, n', having one of each pair 1, 2, 3 .... n,

located on one side of a heater 24, and having the other of 5o

each pair 1', 2', 3',... n', located on the other side of the

heater 24. The thermojunctions and heater 24 are carried on

a side surface 30, also referred to as measuring surface 30,

of a strut 34 that is adapted to stand vertically from a

reference surface 40 (shown in phantom in this view) so that 55

the measuring surface 30 is aligned generally parallel to the

initial flow direction of the gas. In one preferred

embodiment, the thermojunctions are formed at the junction

of a first material 42 and a second material 46. The preferred

materials include platinum, gold, chromel, alumel, platinum 6o

alloys, copper, constantan, and the like. The preferred

embodiment utilizes a constant temperature heater, making

platinum the presently preferred material for heater 24. In

the most preferred embodiment, the heater 24 comprises a

deposit of platinum, as does either the first material 42 or 65

second material 46, and the other material comprises gold,

so that the device can be made in a 2-step deposition process.

4

However, in the application of the present invention, the first
and second materials 42, 46 may comprise any materials that

may be utilized as a thermojunction as chosen with sound

engineering judgment. In the preferred embodiment, the
strut 34 is formed of quartz, or any low heat transfer material
chosen with sound engineering judgment.

With reference to FIGS. 2 and 3, the strut 34 functions as

a constant thickness airfoil and includes a constant thickness

portion 50 situated between two ends 52. In the preferred
embodiment, both ends 52 of the strut 34 are similarly
beveled so that reliable data can be obtained with the device

10 regardless of the flow direction of the gas, as will be

explained in further detail below. The ability of the device 10

to provide gas velocity data regardless of flow direction is a

significant advantage over flow devices known in the prior
art.

The constant thickness portion 50 includes measuring

surface 30, and therefore, the thermojunctions are spaced
from the beveled ends 52. As disclosed above, the behavior

of the gas passing a constant thickness airfoil will mimic the

gas behavior ahead of the airfoil. Therefore, velocity data

obtained by device 10, although actually gathered as the gas

passes the strut 34, will be reliably indicative of the gas
behavior ahead of the strut 34. Because the themaojunctions

are spaced from the ends 52, and supported on the body of
the strut 34, the device 10 is sturdier than total pressure

boundary layer rakes and hot film or hot wire devices known

in the art. Further, it is within the scope of the present

invention to provide a second series of paired thermojunc-

tions on strut 34 which are carried on a second measuring
surface 30'.

In the preferred embodiment, the strut 34 is carried in a

mounting member 60 having a first surface 62, normal to the

measuring surface 30, and adapted to be co-planar with
reference surface 40 when the device is utilized. As illus-

trated in FIG. 2, when device 10 is mounted so that first

surface 62 is co-planar with the reference surface 40, a lower

portion 68 of the device 10 is not acted upon by the gas. The

strut 34 is electrically and thermally isolated from the first

surface 62 and the mounting member 60.
The location of the thermojunctions will be discussed in

more detail with specific reference to FIG. 4 which shows
one embodiment of the strut 34 having deposits of first

material 42, second material 46, as well as heater 24 carried

on measuring surface 30. Each thermojunction in a given

pair is positioned at a predetermined height H from a
reference line 72 which is adapted to be aligned with, or is

generally parallel to, reference surface 40. The pair of first

thermojunctions 1, l' are positioned at height HI relative to

reference line 72. The pair of second thermojunctions 2, 2'

are positioned at height H2, the pair of third thermojunctions

3, 3' are positioned at height H3, and so on with the pair of

nth thermojunctions n, n' positioned at Hn. In the preferred

embodiment, a deposit 48 of first material 42 is utilized as

a temperature reference.

Gas velocity data obtained at HI is dependent on the

temperature variation between first thermojunctions 1, 1'.

Likewise, gas velocity data obtained at H2 is dependent on

the temperature variation between second thermojunctions

2,2', and so on. As is readily apparent, the gas velocity data

obtained at each of the heights H1 ... Hn may be utilized

to provide a gas velocity profile. One important advantage of

the present invention is the ability to obtain simultaneous

measurements of the gas velocity and turbulence levels at

each of the heights H1 . . . Hn, rather than point by point
measurements taken in hot wire or hot film devices where

time becomes a contributing factor in the measurements.
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In the operation of the device 10, thermojunction pairs,

for example 1, 1' act as a thermocouple to measure a

temperature difference from one side of the heater 24 to the
other. With no gas flow past the strut 34, there is no

temperature difference and therefore no electromotive force 5

is generated. When the gas flow is not zero, the thermo-

junction upstream of the heater 24 will be cooler and the

thermojunction downstream of the heater 24 will be hotter.

As a result, a voltage will be generated which is proportional

to the gas flow. If the flow reverses, the output voltage will l0

,also reverse. As a result, the device 10 can also detect flow

reversal. The ability of the device 10 to detect and measure

flow reversal provides a significant advantage over total

pressure rakes. In a total pressure rake the gas must flow into
a tube and therefore only gas flowing in an initial flow 15

direction is measured. In the present invention, gas flow

across the measuring surface 30 is detected, regardless of the

flow direction, because a difference in temperature will be

obtained between the pair of thermojunctions. In other

words, if the gas flows in a first direction, one of the 2o

thermojunctions in the pair will be "upstream" and the other

will be "downstream", if the flow direction reverses, the

labeling of "upstream" and "downstream" will switch, but a
difference in temperature can still be detected, and the

voltage will be opposite in sign as compared to the initial 25

voltage.

Any temperature differences between thermojunction

pairs (in terms of electromotive forces) are fed via connec-
tions 58 to a multi-channel data recorder (not shown) as is

commonly employed in the art. Any data recorder capable of 30

providing the velocity data from the voltage outputs may be
utilized with the device of the invention.

The number of thermojunction pairs may be as many as

needed and is only limited by how many traces can be 35

patterned on the measuring surface 30. The overall size of
the device 10 is only limited by the ability to produce fine

line photolithography.

As is readily apparent, the thermojunction pairs are not

connected in series to provide an increased signal amplitude, 40

as is employed in other thermocouple-type gas flow mea-

suring apparatuses, but the voltage generated at each ther-

mojunction pair is separately analyzed in order to provide

the desired velocity flow profile.
45

FIG. 5 is directed to a side-by-side arrangement of a

device 10 according to the invention and a standard total

pressure rake 90 in a typical flow channel 92 (top cover not

shown) for purposes of providing calibration means for

device 10. The total pressure rake 90 includes tubes 94 50
which are located at predetermined distances above the
reference surface 40. The device 10 includes thermojunction

pairs according to the present invention, wherein at least

some of the pairs are located at corresponding heights H
abo_'e the reference surface 40. An initial flow direction is

55
indicated by arrow A. Thus, a calibration curve such as the

one shown in FIG. 6 may be generated. The curve may be

extrapolated to measurements obtained by the device dis-
closed herein taken closer to the reference surface than is

possible with the standard total pressure rake 90. 60

The following table provides preferred arrangements of

the thermojunction pairs in terms of the height H (inches)
from a reference line 72 which generally aligns with a

reference surface 40. Each example provides eleven heights
at which data is obtained. Such an arrangement enables the 65

use of standardized peripheral equipment, and should not be

construed as limiting the present invention.

6

TABLE 1

THERMOCOUPI.E BOUNDARY LAYER RAKE

Height finches) Example 1 Example 2 Example 3

HI 0.9 0.9 0.3
H2 0.8 0.7 0.2
H3 0.7 0.5 0.15
H4 0.6 0.4 0.1
H5 0.5 0.3 0.065
H6 0.4 0.2 0.03
H7 0.3 0.15 0.02
H8 0.2 0.1 0.015
H9 0.15 0.065 0.01

H 10 0.1 0.03 0.005
H 11 0.03 0.01 0.0025

It is believed that advancements in photolithography will

allow thermojunction pairs to be located extremely close to
the reference surface, which will continue to enhance the

ability to provide a velocity flow profile near the boundary

layer in accordance with the present invention. In the
examples shown above, measurements of gas flow can be
taken as close as 0.0025 inches from the reference surface.

The examples given are for illustrative purposes only and
should not be construed as limiting the present invention. In

devices and methods known in the prior art, heat transfer
problems arise when trying to obtain flow data close to the
reference surface. The device described herein does not

provide such heat transfer problems because the heater is

thermally isolated from the reference surface and the tem-
perature of the heater is lower than the hot wire.

A device 10 according to the present invention may
alternately be utilized as a separation gauge to obtain
separated flow data due to the ability to measure gas flow

reversals. Further, the device 10 according to the present
invention is able to provide turbulence data utilizing the

mean fluctuation of velocity of the gas.

A method of providing a boundary, layer velocity flow

profile utilizes the following steps. A device 10 according to

the present invention is provided having a measuring surface

30 adapted to be aligned perpendicularly to a reference

surface 40. The device 10 utilizes pairs of thermojunctions

to determine gas velocity at successive predetermined

heights H above a reference line 72 as the gas flows past the

measuring surface 30. The velocity of the gas at the prede-

termined heights is utilized to provide a velocity flow

profile.

The invention has been described with reference to pre-
ferred embodiment. Obviously, modifications and alter-

ations will occur to others upon a reading and understanding

of this specification. It is intended to include all such

modifications and alternations in so far as they come within

the scope of the appended claims or the equivalence thereof.

Having thus described the invention, it is now claimed:

1. An apparatus for providing a velocity flow profile of a

gas flowing over an associated surface wherein the gas is
associated with an initial flow direction, the apparatus com-

prising:

a strut, the strut including a constant thickness portion
located between first and second ends, the constant

thickness portion including a first measuring surface;

a first heater carried on the first measuring surface for

heating the gas as it passes the first measuring surface;

first detecting means for detecting temperature differences
from one side of the first heater to the other side as the

gas passes the first measuring surface at successive

predetermined heights above a reference line; and,
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means tor relating the temperature differences to gas

velocity data at each of the successive heights whereby

the gas velocity data at the successive heights provides

the gas velocity profile.

2. The apparatus of claim 1 wherein:

the first detecting means includes a plurality of thermo-

junction pairs carried on the first measuring surface,

wherein one of each of the thermojunction pairs is
located on a first side of the first heater and the other

one of the thermojunction pair is located on a second

side of the first heater, and wherein successive pairs of

thermojunctions are located at the successive predeter-

mined heights.

3. The apparatus of claim 2 including:

a first electrically conductive material carried on the first

measuring surface and extending between the first and

second sides of the first heater and being electrically

insulated therefrom; and,

a second electrically conductive material carried on the

first measuring surface, the second electrically conduc-

tive material joining the first electrically conductive
material on the first side of the first heater to form the

thermojunctions on the first side of the first heater and

joining the first electrically conductive material on the

second side of the first heater to form the thermojunc-
tions on the second side of the first heater.

4. The apparatus of claim 3 wherein the first electrically

conductive material is selected from the list consisting of:

chromel, alumel, platinum, platinum alloys, and gold•

5. The apparatus of claim 3 wherein the second electri-

cally conductive material is selected from the list consisting
of:

chromel, alumel, platinum, platinum alloys, and gold.

6. The apparatus of claim 1 wherein the heater comprises

a material selected from the list consisting of:

alumel, and platinum.

7. The apparatus of claim 1 wherein the strut is formed of

quartz.

8. The apparatus of claim 1 wherein the first and second
ends of the strut are beveled.

9. The apparatus of claim 1 wherein one of the heights is
less than 0.02 inches above the reference line.

10. The apparatus of claim 1 wherein one of the heights
is less than 0.01 inches above the reference line.

11. The apparatus of claim 1 further comprising:

a second measuring surface located on the opposite side

of the constant thickness portion;

a second heater carried on the second measuring surface

for heating the gas as it passes the second measuring
surface; and,

second detecting means for detecting temperature differ-
ences from one side of the heater to the other side as the

gas passes the second measuring surface at successive

predetermined heights above a reference line.

12. A method for providing a velocity flow profile of a gas

• flowing over an associated surface comprising the steps of:

8

providing a device having a measuring surface adapted to

be aligned perpendicularly to the associated surface,

the device being operable to determine gas velocity at
successive predetermined heights above a reference

5 line as the gas flows past the measuring surface;

causing gas to flow past the measuring surface:

obtaining gas velocity data at the successive predeter-

mined heights; and,

10 utilizing the gas velocity data to provide a velocity flow
profile.

13. The method of claim 12 wherein the step of providing

a device includes the steps of:

providing a strut adapted to stand vertically from the

15 associated surface, the strut including a constant thick-
ness portion located between first and second ends, the

constant thickness portion including the measuring
surface;

providing a heater carried on the measuring surface for
2o heating the gas as it passes the measuring surface:

providing detecting means being operable to detect tem-

perature differences from one side of the heater to the

other side as the gas passes the measuring surface at

successive predetermined heights above a reference

25 line adapted to be aligned in parallel relationship to the
associated surface; and,

providing means for relating the temperature differences

to gas velocity data at each of the successive heights.
14. The method of claim 13 wherein the step of providing

30 detecting means includes the step of:

providing a plurality of thermojunction pairs carried on
the measuring surface, wherein one of each of the

thermojunction pairs is located on a first side of the
heater and the other one of the thermojunction pair is

35 located on a second side of the heater, and wherein

successive pairs of thermojunctions are located at the

successive predetermined heights.

15. The method of claim 14 wherein the step of providing

a plurality of thermojunction pairs includes the steps of:

providing a first electrically conductive material carried

on the measuring surface and extending between the
first and second sides of the heater and being electri-

cally insulated therefrom; and,

providing a second electrically conductive material car-

ried on the measuring surface, the second electrically

conductive material joining the first electrically con-
ductive material on the first side of the heater to form

the thermojunctions on the first side of the heater and

joining the first electrically conductive material on the

second side of the heater to form the thermojunctions
on the second side of the heater.

16. The method of claim 12 further comprising the step of:

utilizing the gas velocity data to provide simultaneous

measurements of turbulence levels inside a boundary

layer at the successive heights.

40
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