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Questions

a. (Paragraph A) What is fresh water?

b. (Paragraph B) State THREE causes for fresh water deficit.

c. (Paragraph C) Write TRUE or FALSE for the following statement: The term Desalination means removing salt
from seawater only.

d. (Paragraph D) In Israel, what is the percentage of household tap water that comes from natural freshwater sources?

e. (Paragraph E) (1) State THREE characteristics of osmosis.

f. (Paragraph E) (2) What does Semipermeable membrane mean?

g. (Paragraph E) (2) Why must pressure be applied in the reverse osmosis membrane?

h. (Paragraph E) (3) Which word describes the condition of water immediately after the desalination process?

i.  (Paragraph F) Explain the difference between one-stage and two-stage plants.

j- (Paragraph F) Why is sea water filtered before desalination?

PNSNNAa

ORI NOTND NNNY DIV MR
STIPNN TIVN MYIA RON DDIAY IN PONYND PN



AN MTM PITPN 2XNAD MY DY PHN NINIAN (4 NINYY) N NAD)
(@Ty 2) BNNN 0”901 PITN
979vN 2°aN ,710003 ONYD

21757 %)M2Y MY HY HHN MIAN

mIT onNn NPLOOX D1 | DA PN | DY 51 7N YOO | T | 9 PN
N | wvimwn O o NI gy M WNID | ,pHN | DIN-MYN
M (MPa) (MPa) (MPa) DN (MPa)
YN NOT NT9a | 77 O\
46 | M5-M36 225 400 240 oy aos w | W46 )| 4 400
48 |M1.6-Ml6 310 420 340 yona-nzT A8 | 77 N 4 400
: o~ 7 1199 W [ 7°
58 | M5-M24 380 530 420 YoNa T A58 | 7 5 500
: B MNP DTN |7 J
8.8 |MI1.6-M36 600 830 660 yans 1112 8 ) s 800
: o= 2 |\ °° )
N D198 | 77 N\
9.8 |MI1.6-M16 650 900 720 9 900
o [\ S
109 | M5-M36 830 1040 940 YN 129 A 10 1000
: B NP || )
12.9 |M1.6-M36 970 1220 1100 DN NTH9* @ 12 1200

(M9 DIDXN) XNIN 219V INND *

2 Toya Tunn



(4 NONRWY) 'R NAD)
T79wn 2°aN ,710003 90D

DNNN D901 PITN 212D MR

901 19315 ISO PN

(665 271) ISO 295 D»HYPN DIV PITPN 22920 PPN

02929 D*9an 027y D2)9aN

0P | AW PN NLY | P | P | AW | THN NLVY| P | 0P
2398 AN | N9 [ PVPON aDN | 99 | VPIN

d p A dyq d, p A dyg d,
(mm) (mm) (mmz) (mm) (mm) (mm) (mmz) (mm) (mm)

2 04 1.79 1.509 1.740

2.5 0.45 2.98 1.948 2.200

3 0.5 4.47 2.387 2.675

3.5 0.6 6 2.764 | 3.1 10

4 0.7 7.75 3.141 3.545

5 0.8 12.70 4.079 4.420

6 1 17.9 4.773 5.350

8 1.25 32.8 6.466 7.188 1 36.0 6.773 7.350
10 1.5 52.3 8.16 9.062 1.25 56.3 8.466 9.188
12 1.75 76.3 9.853 | 10.863 1.25 86.0 10.466 | 10.647
14 2 104 11.546 | 12.701 1.5 116 12.160 | 13.026
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1.07 18 1.12 12 1.17 85 1.25 6.0 1.31 50 1.40 40 1.58 30

1.07 20 1.11 13 1.16 90 1.23 6.5 1.30 52 1.38 42 1.53 32
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1.04 30 1.09 15 1.14 10 1.19 7.5 1.27 5.6 1.34 4.6 1.46 3.6

1.08 16 1.13 11 1.18 8.0 1.26 5.8 1.32 4.8 1.43 38
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Properties of Saturated Water (Liquid-Vapor): Pressure Table
Pressure Conversions: Specific Volume Internal Energy Enthalpy Entropy
eties A L Gtk R N Wikg | Mk ek
Sat Sat Sat Sat. Sat Sat Sat Sat
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap Vapor Liquid Vapor Press.
bar °C vy X 10° vy uy ug h, by he S Sy bar
0.04 28.96 1.0040 34.800 121.45 | 2415.2 121.46 | 2432.9 | 2554.4 | 0.4226 | 8.4746 0.04
0.06 36.16 1.0064 23.739 151.53 | 2425.0 151.53 | 2415.9 | 2567.4 | 0.5210 | 8.3304 0.06
0.08 41.51 1.0084 18.103 173.87 | 2432.2 173.88 | 24031 | 2577.0 | 0.5926 | 8.2287 0.08
0.10 45.81 1.0102 14.674 191.82 | 2437.9 191.83 | 2392.8 | 2584.7 | 0.6493 | 8.1502 0.10
0.20 60.06 1.0172 7.649 251.38 | 2456.7 251.40 | 2358.3 | 2609.7 | 0.8320 | 7.9085 0.20
0.30 69.10 1.0223 5.229 289.20 | 2468.4 289.23 | 2336.1 | 2625.3 | 0.9439 | 7.7686 0.30
0.40 75.87 1.0265 3.993 317.53 | 2477.0 317.68 | 2319.2 | 2636.8 | 1.0259 | 7.6700 0.40
0.50 81.33 1.0300 3.240 340.44 | 2483.9 340.49 | 2305.4 | 2645.9 | 1.0910 | 7.5939 0.50
0.60 85.94 1.0331 2.732 359.79 | 2489.6 359.86 | 2293.6 | 2653.5 | 1.1453 | 7.5320 0.60
0.70 89.95 1.0360 2.365 376.63 | 2494.5 376.70 | 2283.3 | 2660.0 | 1.1919 | 7.4797 0.70
0.80 93.50 1.0380 2.087 391.58 | 2498.8 391.66 | 2274.1 | 2665.8 | 1.2329 | 7.4346 0.80
0.90 96.71 1.0410 1.869 405.06 | 2502.6 405.15 | 2265.7 | 2670.9 | 1.2695 | 7.3949 0.90
1.00 99.63 1.0432 1.694 417.36 | 2506.1 417.46 | 2258.0 | 2675.5 | 13026 | 7.3594 1.00
1.50 111.4 1.0528 1.159 466.94 | 2519.7 467.11 | 2226.5 | 2693.6 | 1.4336 | 7.2233 1.50
2,00 | 120.2 1.0605 0.8857 504.49 | 2529.5 504.70 | 22019 | 2706.7 | 15301 | 7.1271 2.00
2.50 | 127.4 1.0672 0.7187 535.10 | 2537.2 535.37 2181.5 | 2716.9 | 1.6072 | 7.0527 2.50
3.00 | 133.6 1.0732 0.6058 561.15 | 2543.6 561.47 | 2163.8 | 2725.3 | 1.6718 | 6.9919 3.00
3.50 | 138.9 1.0786 0.5243 583.95 | 2546.9 584.33 | 2148.1 | 2732.4 | 1.7275 | 6.9405 3.50
4.00 | 143.6 1.0836 0.4625 604.31 | 2553.6 604.74 | 2133.8 | 2738.6 | 17766 | 6.8959 4.00
4.50 | 147.9 1.0882 0.4140 622.25 | 2557.6 623.25 | 2120.7 | 2743.9 | 1.8207 | 6.8565 4.50
5.00 | 151.9 1.0926 0.3749 639.68 | 2561.2 640.23 | 2108.5 | 2748.7 | 1.8607 | 6.8212 5.00
6.00 | 158.9 1.1006 0.3157 669.90 | 2567.4 670.56 | 2086.3 | 2756.8 | 1.9312 | 6.7600 6.00
7.00 | 165.0 1.1080 0.2729 696.44 | 2572.5 697.22 | 2066.3 | 2763.5 | 1.9922 | 6.7080 7.00
8.00 | 170.4 11148 0.2404 720.22 | 2576.8 72111 | 2048.0 | 2769.1 | 2.0462 | 6.6628 8.00
9.00 | 175.4 1.1212 0.2150 741.83 | 2580.5 742.83 | 20311 | 2773.9 | 2.0946 | 6.6226 9.00
10.0 179.9 1.1273 0.1944 761.68 | 2583.6 762.81 | 2015.3 | 2778.1 | 2.1387 | 6.5863 10.0
15.0 198.3 1.1539 0.1318 843.16 | 2594.5 844.84 | 1947.3 | 2792.2 | 2.3150 | 6.4448 15.0
20.0 212.4 11767 0.09963 906.44 | 2600.3 908.79 | 1890.7 | 2799.5 | 2.4474 | 6.3409 20.0
25.0 224.0 11973 0.07998 959.11 2603.1 962.11 1841.0 | 2803.1 | 2.5547 | 6.2575 25.0
30.0 233.9 1.2165 0.06668 1004.8 2604.1 1008.4 1795.7 | 2804.2 | 2.6457 | 6.1869 30.0
35.0 242.6 1.2347 0.05707 1045.4 2603.7 | 1049.8 1753.7 | 2803.4 | 2.7253 | 6.1253 35.0
40.0 250.4 1.2522 0.04978 1082.3 2602.3 | 1087.3 17141 | 28014 | 2.7964 | 6.0701 40.0
45.0 257.5 1.2692 0.04406 1116.2 2600.1 1121.9 1676.4 | 2798.3 | 2.8610 | 6.0199 45.0
50.0 264.0 1.2859 0.03944 1147.8 2597.1 1154.2 16401 | 2794.3 | 2.9202 | 5.9734 50.0
60.0 275.6 1.3187 0.03244 1205.4 2589.7 1213.4 1571.0 | 2784.3 | 3.0267 | 5.8892 60.0
70.0 285.9 1.3513 0.02737 1257.6 2580.5 | 1267.0 1505.1 | 27724 | 3.1211 5.8133 70.0
80.0 295.1 1.3842 0.02352 1305.6 2569.8 | 1316.6 1441.3 | 2758.0 | 3.2068 | 5.7432 80.0
90.0 303.4 1.4178 0.02048 1350.5 2557.8 | 1363.3 1378.9 | 27421 | 3.2858 | 5.6772 90.0
100. 3111 1.4524 0.01803 1393.0 2544.4 | 1407.6 1317.1 | 2724.7 | 3.3596 | 5.6141 100.
110. 318.2 1.4886 0.01599 1433.7 2529.8 | 1450.1 1255.5 | 2705.6 | 3.4295 | 5.5527 110.

2 Toya Tunn
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Sat.  0.02352 | 2569.8 | 2758.0 5.7432 0.01803 | 2644.4 | 2724.7 5.6141
320 0.02682 | 2662.7 | 2877.2 5.9489 0.01925 | 2588.8 | 2781.3 £.7103
360 0.03089 | 2772.7 | 3019.8 6.1819 0.02331 | 2729.1 | 2962.1 6.0060
400 0.03432 | 2863.8 | 3138.3 6.3634 0.02641 | 2832.4 | 3096.5 6.2120
440  0.03742 | 2946.7 | 3246.1 6.5190 0.02911 | 2922.1 3213.2 6.380¢
480  0.04034 | 3025.7 | 3348.4 6.6586 0.03160 | 3005.4 | 3321.4 6.6282
520  0.04313 3102.7 | 3447.7 6.7871 0.03394 | 3085.6 | 3425.1 6.6622
560 0.04582 | 3178.7 | 3545.3 6.9072 0.03619 | 3164.1 | 3526.0 6.7864
600  0.04845 | 3254.4 | 3642.0 7.0206 0.03837 | 3241.7 | 3625.3 6.9029
640 0.05102 3330.1 | 3738.3 7.1283 0.04048 | 3318.9 | 3723.7 7.0131
700  0.06481 | 3443.9 | 3882.4 7.2812 0.04358 | 3434.7 | 3870.5 7.1687
740 0.05729 | 3520.4 | 3978.7 7.3782 0.04560 | 3512.1 | 3968.1 7.2670
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Making Fresh Water

A.

Everybody knows why we need fresh water. (i.e., not salted, and unpolluted). In addition to individual consumption
such as drinking, cooking and washing; fresh water is used in agriculture and industry as well. In fact, there are

very few usages for salted water.

Along with the growth of the earth’s population and the rapid development of technology, water consumption grows
as well. These processes and the earth’s climate change threaten the natural freshwater sources.
Approximately 97% of the water on our planet is salted and unsuitable for our needs. The remaining 3% in rivers,
lakes, groundwater, and artesian wells are becoming polluted and sometimes dry out completely.

Natural fresh water becomes scarce, so we need a reliable way to produce it artificially.

The process of removing salt and other dissolved solids from water is called desalination. It primarily uses seawater

as an inexhaustive source but can also purify polluted groundwater and other natural freshwater sources.

In Israel, we have 5 major desalination plants that supply more than 35% of the overall needs of our country. More
than 75% of the tap water in our homes comes from these plants. The quality of this desalinated water meets

all the standards of the Ministry of Health, this water can be consumed without any additional treatment. The
government regulations rule construction, location, and everyday functioning of the plants themselves. There must
be accessibility of a water source, availability of the required energy, minimization of environment impact, enough

means for waste disposal and big amount of produced water.

The desalination technology applied in our country is called Reverse Osmosis.

1. What is osmosis? It is a natural process that occurs without an external energy supply. In this process when dealing
with liquid or gas, a flow from a higher concentration area is formed towards a lower concentration area to reach the

overall final concentration.

2. To reverse this process, special equipment and an energy source are needed. A reverse osmosis membrane is a
semipermeable membrane that allows the passage of water molecules but not the passage of dissolved salts, organics,
and bacteria. However, the water must be 'pushed’ through the reverse osmosis membrane by applying pressure. The
pressure overcomes the naturally occurring osmotic backflow allowing pure water through while holding back most

of contaminants.

3. Following the process which removes 95-99% of the salts, the water is almost distilled. However, before supplying

the water to consumers, certain exact amounts of minerals must be added.

The desalination process requires large amounts of energy in order to create a high pressure flow, thus forming
a turbulent output crossflow. This process helps to keep the membranes clean. The crossflow consists of a high

concentrated salt solution called brine.

There are two kinds of plants, one-stage, and two-stage. In a one-stage plant, the brine (up to 50% of water supply!)
can be simply returned to the sea. In a two-stage plant, in order to save water, the brine must go to another reverse
membrane. Input flow is pretreated by adding some chemicals, filtering, and micro filtering. The purpose is to
remove pollution, particles and germs that are present in all water sources. The buildup waste forms sediment on

the filters and must be removed. The membranes must be cleaned several times a year as well.
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nominal power HomuuanbHas MOLHOCTb &, Lyl / &awl 3,08l 9PN PADN
inelastic/plastic collision AGCOMIOTHO HeYTIpyTHUIl yAap O st plabusl VDY MYINA
fatigue YcranocTs (MaTepuanos) 9L;“‘-l/ slga) MOMYNN
slider I[Tonsynok a5 P
fatigue strength limit MaxcumaibHO JOIyCTUMOE i) r—lg.}!l/dl.@?}!l 858 MO»YNAY 19123 PN
HAIPsSDKEHE IS
YCTaJIOCTHBIX fieopMariuit
specific heat YaenbHas TEII0eMKOCTh Ll 3,0, Y510 DN
Windings Butknu J}LC}/L;; ™M999/79°99
contact pressure Hanpsoxenne cmaTus aluws bas Yan \N9
yield stress ITpenen Texyyectn g gl alga] 1Y YN
periodical symmetric stress | [lepeMeHHBIe HAIPsDKEHMs bl agall 5,50 YIOOD YN YOND
(4acTo qUKIMYecKe)
jack Iomxpar glide 210
compressor Kommpeccop Lels oNTH
angular velocity Yr/1oBast CKOpOCTb & o130 de yunll TN M
relative velocity OTHOCUTENbHAS Lowall de yuull O MPIN
CKOPOCTb
absolute velocity AGCONMOTHASA CKOPOCTD FETRATEPURT NN M1
translational velocity LIuK/mm9Has: CKOPOCTD a5 de yu IPIVID MPIN
modulus of elasticity Monynb IOnra Ly all Jolan NPVLOIN 91T
(Momynb ypyrocTu)
cooling cycle XoMOmMIbHBII IUKIT Al 35 90 MPP M
disengaging clutch/coupling | ITpegoxpanurenbHas MydTa (:53; oauls 9323 TNNN
friction clutch/coupling dpukiyoHHas MypTa G (auls 199N TH8N
coefficient of safety Koadurment oYl Jalad ML 07PN
6esomacHocTn
coefficient of performance Koadpduunent RN Jolas X DTPN
[POBOJVIMOCTH
conduction coefficient Koa¢duunment JEsyl Jolas 1990 DTPN
TEIIONPOBOJHOCTI
convection coefficient KoaddunmeHT KoHBeKIMM Jaadl Jolas 1yon 07PN
friction coefficient Koadduument tperns SIS Jolas 719N OTPN
thermal efficiency TenmoBas 3¢ HeKTMBHOCTD &, ,adl 8eLs RN M9
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spring constant JKectkocTb mpy>XKuHBI ua\_; LI cnls /sl enls 9P Map
coulisse Kynuca ol oI
buckling IToTeps ycToiunBoCcTH bl noIp
heat flow Ternnosoit moTokx ol é_wé_ﬂ/é_é_s DN GOV
wire ITposop, el 5N
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