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Abstract: This study presents a study of a theoretical anactiwal investigation of the gas
Instantaneous (Tankless) water Heaters performdreeresults allow us to obtain realistic values of
the control system in the various capacities gasdéowing water heaters. The objective of this work
is to study the operation of the plans in the fiefdcontrolling and checking low capacity gaseous
flowing water in order to choose the proper plantlé logical values and measures for these
equipments that may be used in industrial conditiésiso results of the work proved to be accuraAte.
design of the control system was made. The resiiltse practical experiment of the control system
were similar to the arithmetic results.
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INTRODUCTION

Gas has long been recognized as the most efficient
reliable and economical way to heat water. Propane
water heating systems offer several benefits: a
continuous supply of hot water, low operating costs
mir?lin;]al maintenance, high reliability and a proveing
life'™ <.

It's no secret that heating water is a significant
portion of your overall energy budget in food seevi
An ample supply of hot water is required for roatin
kitchen needs, dishwashing, pot washing, general
cleaning and any number of additional uses to raaint
a high standard of sanitation. To serve these negpds
is the only reasonable choice that delivers large
guantities of hot water on a continuous basis. The
instantaneous tankless water heater saves stopage s
and supplies hot water for immediate use by drawing
water through the heater as you need it. Propaost&o
heaters are also available that help boost the
temperature of general purpose water from 140°F to
180°F. With recent technology improvements the 98SFig. 1: The Tankless Gas Heaters
fired booster water heater is one of the singlet bes

investments you can make for dishwashing sanitation The results of this work, represented in the @dntr

The propane will provide more hot water in 1essC89a  gugtem and the sets of measurements of this system,

for less money and in less time than any comparablgy, ; ; :
, X : ich can be used in various types of low capéftity
other unit. Tankless hot water heaters differ frivwair gas water heaters, will be used in manufacturing to

tank-type cousins in that they have no stored ldew  ,\ige the inhabitants with hot water for domestes.
Tankless water heaters only heat water that isaigtu

used. The most energy efficient tankless waterengat MATERIALSAND METHODS
use either natural gas or propane (Fig. 1). Theatbge

field of controlling and checking low capacity gase  flow gas water heaters and the study of three aitail
flowing water in order to choose the proper plathef  sketches of the automatic hydraulic transfer: The
logical values and measures for these equipmeats thconsecutive connection of the following elements or
may be uséd. All the requirements of the theses with transferring or side element which close théue
system such as efficiency, safety of function, 898¢  opening (Fig. 2) an transferring (side) elementchhi

in the design and conditions of use all were takém  opens the value opening. The mathematical model for
consideration. each of the above-mentioned sketches were made.
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Fig. 2: The Arithmetic Sketch of the Control System
with Side Element that Closes the Valve
Openings

Graphic sketches of static qualities of the control
system based on the above mentioned designs were
obtained. Some of the most important qualities iobth
are.

The quality (property) of consumption of the
automatic hydraulic transformer §G= f(P,), the
consumption property of the gas valve, which allows

the flow of gas into the main burner (Q f(P,), the Therefore, it is necessary to choose a reasonable

relation between the change of water temperatute aryqtch of a control system and choose reasonahles/a
water pressure in the main line of water t = f)(P  5nd measures for it.

Accordingly, hydraulic values pn, Q P, Q@ and
geometric values id dp, G, ds, G5 also mechanical The Automatic Hydraulic Transformer: The sketch
values (solidity, former pressure on the springolthi of the automatic hydraulic transformer with a short
presses between the plate of the value and theo$eat cjrcular opening with water circulation (Fig. 3).
the valve) C, ¥ all change. This design provides us with the required

The outcome of these analyses was that contrqdroperties for the relation between water consummpti
system designed in accordance with the side elamentthrough the transformer and pressure in water pipes
which close the valve opening Fig. 2 is distingash = f (P). It also saves water consumption through the
for its static propertyt = B, which is reasonable when transformer with the existence of pressure in tpeg(
using water heaters for domestic purposes. Thitckke 15 *10° N n7?). It also provides the least level of
was widely used in foreign designs. The consecutiveperation for the transformer in case there isqunesin
connection sketch is distinguished for its highthe pipes (15 *10 N n). It also guarantees have
sensitivity, for in the case of consuming little@mt of  obtained the highest degree for removing the hard
water, the water temperature reaches the boilingtpo medium of the surface (5*10° m). Therefore, this
The sketch of side element which opens the valvelesign is distinguished for its simplicity and teifue.
opening is known for its insufficient sensitivity &ll In order to study the hydrodynamics of the watewfl
various cases of water consumption, which will notin the short circular opening, various references
enable us get the level of water temperature reduir relevant to this subject were consulted. It wasntbu

At the same time, it appeared that the propatty  that it is necessary to consider the leakage oidbal
f (P,) obtained by the control system (Fig. 2) Is notliquid current with closed sides. This leakage os@an
accepted in general since the hot water temperagure a plate with specified or unspecified measuress Thi
insufficient in the case of less consumption, ex¢bat  matter is considered continuous until a relatiotwieen
the automatic hydraulic transformer designed inthe angle of the slope of the leaked current amd th
accordance with Fig. 2 is complicated and needh higlength of the split (Fig. 3) is obtained by solvitite
level of preparation to make. following equations:-
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Fig. 3: The Arithmetic Sketch of the Control System
with Circular Opening
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Physical models for the picture of the runningobtained for selecting the diameter of the opening
water |.nto the circular opening were taken on_the a which provides the power of the required injected
dynamics test platforms. Experiments were alsd@drt pymner and a solution for the distance between the

out about the factor of consumption for the circyla sector of the opening and the entrance of the tisjec

opening and by processing the results of the exaart
and by the method of quadruplicating we can get
graph, = f (Re) and the equation:

4kl =0,08523868* Pn (5,80633428* Re) (4)

— _amAX
After processing the mathematical models in the'l’lk_'uc(l e’)

computer, the effects of the designing measurethef
circular opening, the geometrical shapes of thi, $pé
effect on the area of the surface on the propefty op,
consumption (Fig. 4) and the property of the lgtin
power of the automatic hydraulic transformer P 3)(Q
was studied and the transformer functioning in cafse
changing the measure of the diameter of the splitthe
effectiveness of the surface of the area werestistied.

Design, Selection and Logical Measures of the Gas
Unit: When there is flow of cold water through the
automatic hydraulic transformer, on the solid mediu
of the surface a power which shows a power thastes
the power of the flexibility of the spring (C) asd the
value of the flowing gas to the main burner opdig.(
3). The specific ring (f serves to get the needed
pressure for gas {Fn the collector through which
across an opening with Jddiameter the gas passes into p
the burner injector. For the injector burner andtiom
basis of the overflowing current equation a solutias

101(¢
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burner and the selection of the diameter of thek ridc
%he injected burner. By estimating the gas unig th
diameter of the specific ring was chosen on théshafs
the following equations:
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Table 1: Quantities Values

No Quantity Q=3.2x10m’s* Qs =4.53x 10°m* s* Qz=5.54 x 10m* s*
1 dc (mm) 1.25 1.26 1.27
2 dw (mm) 3.75 3.75 3.77
3 C (N ) 9.82x 16 9.82x 16 9.82x 16
4 Yo (Mm) 3.79 3.79 3.79
q; | Pz(Pa_PB)sz(y"'yo)C (11)
- 4 —1 6y 2
w 25 9.2 7,
£ -2 Qu=Helt-e ) Tix (12)
- £ —4— 3
% 197 2
I A psys&em - P4
0.5 P gas
0

0 002 004 006 008 0.1 012 2
1IN m - Qchink = Hepink I:)4 - PS (13)
Pygas

Fig. 4: Consumption Property of the Circular Openin
with an Approximating Cone (&-= 0° 2-a = &’

Z
3-a=10) Fom = — (3Z° - 45%) (14)
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06 o —3 gas
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o 1 2 3 4 5 6 i1 4\ Pyas
mim
Fig. 5: The Property of Manual Control Effect oreth At = QK2 (17)
Gas Unit (1-R=25N 2- RB= 30N 3- R=35N) QsChs s
With the equations of the overflowing current, The common solution of the equations (10-17)

graphs showing the relation between gas consumptiogllows us to get the main static qualities of thetcol
through the gas unit and measurers of geometriwél u unit Q; = f (Qz) and the water heater, A& f (Qg).

and values of the gas dynamics. By analyzing thesBlecessary analyses were carried out to explain the
graphs we can select the proper measures for degign designed and mechanical values of the control ait
the gas unit in a specified system of work. A skdtr  the following static qualities: The geometrical tee®f

the structure of the gas regulator was designettheén the valve opening in the course of the manual cbofr
main burner by inserting manual control elementthe gas flow, the diameter of the valve base, the

through the valve opening on the side surface ef thdiameter of the specified ring, diameter of therope
cylinder with thin walls. Inserting such a manual ©f the injected burner, solidity and pre- pressumethe

element saves an effective control power for the gavalve spring. Graphs were introduced to explain the
consumption in the main burner (Fig. 5). effect those values on the function of the gas. ukit

The fourth-main title includes an analysis of theanalysis .Of the speed (.)f the f””C“OU of the C(.jmmt
function of the control unit and the choice of igal ~ as carried out by solving the following equations:

values. anQRK/
Mathematical Model: The mathematical models for \W(S) = AL(S) = (P:dQ:Ce) (18)

the control unit are placed in a form of equations: QR(S Ts+1
Qs =t frw i\/ P.-F (1o T ZL (19)
pB IOBQBCB
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2(P, - P.)d2
y = ( B C)4 Canel (20)
/]LchaneldmpB

changing the diameter of the course of the spig.(6).

gaseous flowing water, it was found that the pcatti
results were identical to the arithmetic restlits
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Fig. 6: The Effect of the Diameter of the Ant-Vikica

The choice of logical values of the control system

was based on getting hot water for low consumption
and therefore getting the required water tempesatur
getting a minimum change in water temperature when
It was found that an effective control of the there is a change in water pressure, the functicheo
function time of the control system is possible byautomatic hydraulic transformer whenever there is a
demand for a minimum pressure in the water pipes an
In studying the experiment on the heater low capaci closing the valve when water consumption is stopped

The solution for this problem happened by choosirg
diameter of the opening, the diameter of the speetif
ring, solidity and pre- pressure on the spring &émel
size of the valve openings in the pf&ss The study of
the practical and experimental results allows us to
obtain realistic values of the control system im th
various capacities gaseous flowing water heaters.

A comparison was made between the static
properties of the control system design by the @uth
and a well- known control system (Fig. 7, 8), itswa
found that the control system suggested by theoauth
widens the scope of control of hot water tempeeainr
case of low consumption (curvés 2). In this case and
by choosing the cylinder- shaped part of the spét

Sector on the Dynamic of the Control Systemcan easily get the required propeffies

(1-Aehannel= ]é.].O: nv 2- Cihannel = 115-103 v 3-
dehanne=2.10° M%)

Q=fi0y,)

(3]

—a—2

=10

0.5

I\-l T 1 J I
0.1 0.3 0.5 0.7 0.9
%10

Q=f(Q)and T=1(Q)

CONCLUSION

The new in the scientific work can be summed up

as follows:

*

Fig. 7: Comparison Qualities between the Suggested

Control System and the Well Known One (1-

Permanent section, 2-Variable section 3- Sketch

of Fig. 2)
at=fi0,)
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Fig. 8: The Comparison Qualities between

*

the

Suggested and what is Known Regarding Low
Capacity Gaseous Flowing Water Heaters (1+

Permanent Section,
Sketch of Fig. 2)

2-Variable Section 3-
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An analysis of the control system and the
automatic hydraulic transformer of low capacity
gaseous flowing water heaters was made. It was
found that the control system based on the
automatic hydraulic transformer with side openings
and side element that closes the valve opening is
characterized for being accepted by the user
(customer), Q= (@), A = f (@), therefore, this
sketch has been used remarkably.

However, the sketch is not capable of achieving
great and simple capacity to control water
temperature in low consumption. This sketch is
characterized for its complex design and technique.
A sketch for an automatic hydraulic transformer
and control system was suggested to cover the
defect mentioned above.

Mathematical models of the fluid dynamics of the
water flow in the circular opening on the basis of
the identical connection theory were made. The
sketches of the leakage of the ideal liquid current
were treated to a plate with or without limited
measurement in order to identify the degree of
current distortion in the circular opening.

Studies of and experiments were carried out @n th
static properties of the automatic hydraulic
transformer.



American J. Applied i, 2 (5): 1008-1013, 2005

The realistic sketch of the gas unit was chosen o
the basis of the injected burner: an analysis ef th
drainage properties of the opening unit of the mainl.
burner was done: the diameter of the mouth of the
injected burner and its neck and the diameter ®f th
specified ring was decided in accordance with the
capacity of the heater. The property of drainage ir2.
the valve which regulates the flow of gas into the
main burner calculated and the basis of selecting
the geometrical measures of this valve were set. 3.
sketch of the control unit that regulates the flofw

gas into the main burner was also set. The bases df
the real form of the valve openings in the control
unit system of the flowing gas were set.

An analysis and a study of the effect of the dlui
dynamics and the mechanical values of the controb.
unit in order to set the basis of selecting thd rea
values of the control system which allows to
achieve the required propertiad = f (Qg). The
function speed of the control system and the
methods of affecting this speed were tested.

A comparison between the static qualities of the
suggested control system and the well-known
system was made. It was found that the suggested
control system with its simple design and technique
has a better propertp = f (Qg) compared with the
known systems.

101:

REFERENCES
Proceedings of the Seventy-Eighth GPA Annual
Convention. Nashville, TN: Gas Processors
Association, 1999: 46-52. 8th Annual Energy

Week Conference: 1997.

Layne, R., 1986. “Never-Ending Hot Water and

Energy Savings, Too” Popular Sciend@28:4),

pp: 106-08, 150-51.

Wagner, J., 1997. On-demand Water Heaters. J.
Light Construction, 15: 51-54.

Report Number PB-87200390, 19&%&rformance

of Instantaneous Gas-Fired Water Heaters.
National Bureau of Standards, www.ntis.g@p:

66.

Wiehagen, J. and J.L. Sikora, 2003. Performance
Comparison Residential Hot Water Systems.

Reports of the NAHB Res. Center Upper Marlboro,

Maryland and the National Renewable Energy

laboratory Colorado, pp: 160.




