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(57) ABSTRACT 

The invention relates to a device for measuring the ?aW of 
a medium, e.g., a gaseous medium or a ?uid medium, Which 
device is based on measuring and affecting the temperature 
distribution of a medium ?owing along, Which ?oW sensor 
comprises tWo objects, each comprising a heating element 
and a temperature sensor, the measured temperature differ 
ence being kept, by Way of a control loop, to the value of 
Zero, the asymmetry of the poWer supply to the objects in 
order to comply With the aforesaid criterion, according to 
Which the temperature difference must be Zero, being rep 
resentative of the value to be measured of the medium ?oW, 
taking into account parameters associated With the medium, 
such as its density and speci?c heat. 
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MEDIUM FLOW METER 

[0001] The invention presented relates to gas and/or ?uid 
?oW measurement techniques making use of thermal effects. 
Convection plays a role here: a moving medium entrains 
heat (energy) by Way of its oWn heat capacity. 

[0002] A knoWn sensor, in Which use is made of said 
property, is the anemometer. As a rule, the embodiment of 
such measuring device consists of one or more objects 
Which are heated by a speci?c dissipated poWer and in Which 
the How affects the resulting temperature of said object. Said 
resulting temperature is a measure of the ?oW. Said embodi 
ment and method are referred to as “Constant PoWer 

Anemometry” or simply CPA method. Also, said objects 
may be kept at a constant temperature difference With 
respect to a reference temperature, and it may be measured 
Which poWer to be dissipated is required for that purpose. 
Said embodiment and method are referred to as “Constant 
Temperature Anemometry” or simply CTA method. 

[0003] Apart from this, the measuring devices based on 
thermal effects may be (mechanically or ?uidally) broken 
doWn into three types: 

[0004] (1) devices in Which the object is entirely 
enclosed by the medium, as disclosed in US. Pat. 
No. 4,651,564 [R1, 1987] and in [R2, 1993]; 

[0005] (2) devices in Which the object is not on all 
sides in touch With the medium, as extensively 
discussed in [R3, 1995]; and 

[0006] (3) devices in Which the object, contrary to 
(1), encloses the medium (the medium ?oWs through 
a tubular device—the object), as disclosed in US. 
Pat. No. 5036701 [R4, 1990]. 

[0007] The knoWn “hot-Wire anemometry” measuring 
devices are of type (1), [R5, 1995]. 

[0008] An eXample of said type also is the method and 
device as disclosed in [R1, 1993], in Which the poWer 
dissipated in the object is kept constant (CPA), and in Which 
the temperature (distribution) around the object referred to 
earlier is then considered. 

HEAT BALANCE OF AN OBJECT 

[0009] The invention relates to the control of the tempera 
ture of objects Which are in thermal interaction With the 
environment. To support the speci?cation of the invention, 
the so-called heat balance of an object is ?rst gone into. 

[0010] The behaviour of an object (having on it, e.g., a 
temperature sensor and/or a heating element) in a thermal 
interaction With the environment may be studied by consid 
ering the heat balance of said object. 

[0011] The heat balance refers to the circumstance that the 
increase of the heat Q (energy dimension) stored in the 
object equals the heat transmitted to it (Pin) or generated 
Within the object (Pgen), minus the heat dissipated (Pout) and 
absorbed Within the object (Pabs): 

dQobj (F1) 
m = Pin + Pgen — Pout — EbS 
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[0012] For the sake of clarity of the further speci?cation, 
it is assumed that the internal heat absorption (e.g., such as 
the one by Way of an internal chemical reaction or a phase 

transition) equals Zero (Pabs=0). 

[0013] The heat capacity of the object (Cobj) determines 
the relationship betWeen the stored heat (energy) and the 
temperature of said object (Tobi): 

[0014] The heat balance of an object then becomes: 

dQobj dTobj P gen + Pimm (F3) 
dl : gen +Pin_Pout d1 : icolf 

With Pinout : Pin — Pout 

[0015] Said latter formula or differential equation for Tobi 
may be Written in the form of an integral: 

[0016] An object is in equilibrium With the environment if 
Tobj=constant (no longer depending on time). Therefore, the 
folloWing applies to said object: 

gen mom 

[0017] From this, it is obvious that, for a situation in Which 
the temperature of the object (Tobi) is constant, there eXists 
a balance betWeen the internally generated poWer Pgen and 
the incoming and outgoing poWer P 

gen:iPinom 

inout ' 

TEMPERATURE OF AN OBJECT 

[0018] The temperature of an object Which is in thermal 
interaction With the environment having a ?oWing medium, 
in equilibrium has a temperature Which may be expressed as 
folloWs: 

Pgen (F5) 
Tob' — Tm 

[0019] Where Tobi is the object temperature, Trn is the 
medium and environmental temperature, Pgen is the heat 
generated Within the object, A is a constant representing the 
heat conduction from the object to the environment, B is a 
constant representing the in?uence of the convection of the 
medium on the object temperature, and v is the How rate of 
the medium. 

[0020] Here, four items of interest are distinguished: 

0021 1—For a iven and ?Xed P , A, B and v, the g gen 
(absolute) temperature of the object is directly pro 
portional to the temperature Trn of the medium. 
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[0022] 2—For a given and ?xed A, and v, the tem 
perature difference Tobi-Trn is proportional to the 
internally generated heat Pgen: 

T Dbl-—T m=constant.Pgen 

[0023] 3—The proportionality constant is referred to 
as the “?oW sensitivity” of the object: 

[0024] 4—Only the siZe of the How affects the tem 
perature and not the sign (positive or negative direc 
tion). 

BRIEF DESCRIPTION OF THE FIGURES 

[0025] In FIG. 1, there is given a cross section of a 
?oW-measuring device. The medium ?oWs through a tubular 
device (1-1). The object O1 under consideration (1-2) is 
surrounded by the medium. 

[0026] In FIG. 2, the local (medium) temperature around 
the object (With respect to Tm=environmental medium tem 
perature) is given as a function of the position. The object 
Was in position x=0. The dissipated poWer (Pgen) in the 
object is constant (CPA method). 

[0027] In FIG. 3, the object temperature With respect to 
medium Trn is given as a function of the ?aW having a design 
as shoWn in FIG. 1. In FIG. 3, it is shoWn that, With an 
object in the CTA mode, there can be measured no direction 
of the ?oW. 

[0028] In FIG. 4, the local temperature around the object 
as a function of the position is given for a device such as the 
one outlined in FIG. 6. The dissipated poWer (Pgen) in the 
object is controlled in such a manner that the temperature 
difference betWeen the object and the medium temperature 
is constant (CTA method). To realise this, it is required that 
the medium temperature be measured With an additional 
temperature sensor (for this purpose, see FIG. 6). 

[0029] In FIG. 5, there is given the poWer Pgen required to 
control the object at a ?xed temperature With respect to the 
medium. At a ?xed absolute object temperature, Pgen is a 
function of the medium temperature. The measuring device 
is outlined in FIG. 6. 

[0030] In FIG. 6, there is given a cross section of a 
?oW-measuring device. The medium ?oWs through a tubular 
device (6-1). The object O1 under consideration (6-2) is 
surrounded by the medium. The medium temperature is 
measured using a sensor S2 (6-3). 

[0031] In FIG. 7, there is given a cross section of a 
?oW-measuring device having tWo objects. The medium 
?oWs through a tubular device (7-1). TWo objects O1 (7-2) 
and O2 (7-3) are surrounded by the medium. 

[0032] In FIG. 8, the temperature difference betWeen the 
tWo objects O1 (7-2) and O2 (7-3) of FIG. 7 are outlined as 
a function of the How of the medium. 

[0033] In FIG. 9, there is given a cross section of a 
?oW-measuring device. The medium ?oWs through a tubular 
device (9-1). In the tube, three objects O1 (9-2), O2 (9-4), and 
O3 (9-3) are surrounded by the medium. 

[0034] In FIG. 10, there is given the temperature of the 
three objects—T1 for O1, T2 for O2, and T3 for O3 (alWays 
With respect to the medium temperature) —as a function of 
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the How of the medium. The measuring device is given in 
FIG. 9. The object O1 (9-2) is heated With a constant poWer 
Pgen. Object O2 (9-4) and object O3 (9-3) are not heated. 

[0035] In FIG. 11, the temperature difference of the 
objects O2 (at T2) and O3 (at T3) is given as a function of the 
How of the medium. Object O1 is driven With a constant 
poWer (object O1 in the CPA mode). 

[0036] In FIG. 12, the temperature is indicated for three 
objects in a measuring device such as the one outlined in 
FIG. 9. The object O1 (9-2) is heated With such a poWer Pgen 
that the temperature T1 of the object O1 (9-2) is kept at a 
constant value over that of the medium. Once again, there is 
required an additional sensor here Which is not shoWn in the 
?gure. Object O2 (9-4) and object O3 (9-3) are not heated 
directly. 

[0037] In FIG. 13, the temperature difference betWeen the 
tWo objects O2 (9-4) and O1 (9-3) is shoWn as a function of 
the How of the medium. 

[0038] In FIG. 14, there is shoWn a block diagram of the 
proper invention. The invention is extensively discussed in 
the further speci?cation. 

[0039] In FIG. 15, there is given a cross section of a 
?oW-measuring device having tWo objects The medium 
?oWs through a tubular device (15-1). The tWo objects O1 
(15-2) and O2 (15-3) are surrounded by the medium. The 
medium temperature may be measured using a sensor S4 

(15-4). 
[0040] In FIG. 16, the temperature distribution as a func 
tion of the position is given for a measuring device such as 
the one shoWn in FIG. 15. The temperature distribution is 
given for four values of the How (FloW=0, FloW=v1, FloW= 
v2, FloW=v3). The temperature of the tWo objects O1 (15-2) 
and O2 (15-3) is kept at a temperature difference of T1—T2=0 
using a controller. 

[0041] In FIG. 17, the temperature distribution as a func 
tion of the position is given for a measuring device such as 
the one shoWn in FIG. 15. The temperature distribution is 
given for four values of the How (FloW=0, FloW=v1, FloW= 
v2, FloW=v3). The temperature of the tWo objects O1 (15-2) 
and O2 (15-3) is kept at a temperature difference of T1—T2=0 
using a controller. Apart from this, the temperature of the 
tWo objects is also kept at a constant temperature With 
respect to the medium using a sensor S3 (15-4) and a 
controller. 

[0042] In FIG. 18, there is outlined the ratio P1/(P1+P2) of 
the poWers P1 (Pgen of object 1) and P2 (Pgen of object 2) 
Which are output by the controller to keep the temperature 
difference of TIL-T2 at Zero. 

[0043] In FIG. 19, there is outlined the ratio (P1—P2)/(P1+ 
P2) of the poWers P1 (Pgen of object 1) and P2 (Pgen of object 
2) Which are made available by the controller to keep the 
temperature difference of TIL-T2 at Zero. 

[0044] In FIG. 20, there is outlined a measuring device 
having tWo objects in the medium. R1—R2 together form 
object O1 and R3—R4 together form object O2. There is also 
outlined an electronic circuit Which acts as a controller to set 

the temperature difference of TIL-T2 at Zero (as outlined in 
FIG. 14). The ?gure is extensively discussed hereinafter in 
the speci?cation. 
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[0045] In FIG. 21, there is given a second embodiment of 
the electric circuit. This ?gure, too, is extensively discussed 
hereinafter in the speci?cation. 

[0046] In FIG. 22, there is given a third embodiment of 
the electric circuit. This ?gure, too, is extensively discussed 
hereinafter in the speci?cation. 

[0047] In FIG. 23, there is given a fourth embodiment of 
the electric circuit. This contains a device to have the offset 
as indicated in FIG. 14 removed using a controller. This 
?gure, too, is extensively discussed hereinafter in the speci 
?cation. 

[0048] In FIG. 24, there is given a ?fth embodiment of the 
electric circuit. This ?gure, too, is extensively discussed 
hereinafter in the speci?cation. 

[0049] In FIG. 25, there is given a measuring device 
having tWo objects, Where the medium noW ?oWs through 
the objects. The objects each consist of a temperature 
dependent resistance Which is capable of dissipating the 
object poWer Pgen and Which at the same time acts as a 
temperature sensor of the object in question. This ?gure is 
extensively discussed hereinafter in the speci?cation. 

[0050] In FIG. 26, there is given a measuring device 
having tWo objects, Where the medium noW ?oWs through 
the objects. The objects each consist of a resistance Which is 
capable of dissipating the object poWer Pgen. The tempera 
ture difference betWeen the tWo objects is measured using a 
series of thermocouples, or a thermopile. This ?gure is 
extensively discussed hereinafter in the speci?cation. 

[0051] In FIG. 27, there is given a special embodiment of 
the measuring device as shoWn in FIG. 25. 

[0052] In FIG. 28, there is given a special embodiment of 
the invention having several objects. An advantage is the 
built-in redundancy. Should one of the dissipators and/or 
temperature sensors fail, the controller is capable of observ 
ing this and “sWitch off” the objects in question. 

[0053] In FIG. 29, there is given an embodiment of a 
measuring device Where the medium ?oWs through the 
object. 
[0054] In FIG. 30, there is given an embodiment of a 
measuring device based on the invention Where the medium 
?oWs through tWo objects. 

[0055] In FIG. 31, there is given an embodiment of a 
measuring device based on the invention Where the medium 
?oWs through a tubular construction in Which the tWo 
aforementioned objects are located. 

[0056] In FIG. 32, there is given an embodiment of a 
measuring device based on the invention Where the medium 
?oWs through a tubular construction in Which there are 
located the tWo aforementioned objects Which are inserted 
into the tubular construction as a probe. 

[0057] In ?gures FIGS. 33, 34 and 35, there is given an 
embodiment of a measuring device based on this invention, 
in Which the tWo objects are separated from the medium by 
a thin partition The objects have a thermal interaction With 
the medium. 

[0058] In FIG. 36 (cross section) and FIG. 37 (plan vieW), 
there is given an embodiment of a How meter based on this 
invention, consisting of a semiconductor structure. 

Apr. 18, 2002 

[0059] FIG. 38 shoWs a cross section through a synthetic 
carrier having on it tWo objects, each comprising tWo 
resistance elements. 

[0060] FIG. 39a shoWs a photograph of an embodiment 
having tWo objects, each With tWo resistance elements, in 
conformity With the ?gures FIG. 36 and 37. 

[0061] FIG. 39b shoWs a photograph of an embodiment 
having three objects, each With one resistance element. 

BACKGROUND OF THE INVENTION 

[0062] How meters, type: X 

[0063] A basic outline of this type of medium ?oW 
measuring devices is shoWn in FIG. 1. 

[0064] They consist of an object Which is in equilibrium 
With the environment. For these types, there are used both 
the CPA method (FIG. 3) and the CTA method (FIG. 5). 

[0065] In the CPA mode, the medium temperature directly 
affects the object temperature. 

[0066] In the CTA mode, the medium temperature directly 
affects the Pgen to keep the absolute object temperature 
constant. 

[0067] In either mode, it is no longer possible to extract 
the direction (positive or negative) of the How from the 
output signal of the measuring device 

[0068] These are knoWn draWbacks of this type of ?oW 
measuring device. 

[0069] How meters, type: XX 

[0070] A basic outline of this type of medium ?oW 
measuring device is shoWn in FIG. 6. The medium tem 
perature is measured using an additional sensor. 

[0071] For these types, once again there are used both the 
CPA method (FIG. 3) and the CTA method (FIG. 5). 

[0072] For type XX, a major draWback of How meters of 
the type X is overcome, since the medium temperature is 
noW knoWn. 

[0073] It still is no longer possible to extract the direction 
(positive or negative) of the How from the output signal of 
the measuring device. 

[0074] This is a knoWn draWback of this type of ?oW 
measuring device. 

[0075] How meters, type: XXX 

[0076] Abasic outline of this type of medium ?oW device 
is shoWn in FIG. 7. For this type, there are used tWo objects. 

[0077] NoW, both objects are used as outlined earlier for 
type X. The use of this type in the CPA method is knoWn. 
NoW, it is possible to determine the direction of the ?oW. A 
knoWn example of this type is the “micro?oWn”[R6, 1995; 
R7, 1997]. The output signal is a function of the temperature 
difference betWeen the tWo objects. A knoWn draWback is 
that the Zero point of this type of measuring device strongly 
depends on the medium temperature. Another knoWn draW 
back is that, for higher ?oW values, the temperature differ 
ence betWeen the tWo objects declines again. 

[0078] Also, for this type, the CTA method is used by 
keeping object O1 (7-2) at a constant temperature difference 












