Waterj et first draft 9/23/04 from Prof. Carmichael notes.

9/17/06: modified to reflect w (V=>V,) and separate inlet
and outlet pressure loss (in addition to drag) tp reflect paper |

V,  velocity inlet

w wake fraction

Vs  ship velocity f
Vj nozzle (outlet) velocity

V= Ve (Ll —w)

T = m_dot(V; - Vjp) q
m_dot = mass_flow_rate
Va 2

atinlet centerline ... pj.1= Patmos + P-9-d
. . . 1 1
at this point ... total pressure (pitot tube) Poin = Plocal *+ E.p.VA2 = Patmos + P-9-d + E.p.\/A2
pressure at inlet to pump ... _ _ 1 2
total pressure (pitot tube) ... Pop = Poin = P-9:(d + 1) = Paymes = P-g-h + E'p'VA

pressure at pump exit... total Poj = Patmos * E.Q.ij

pressure (pitot tube) .. 2

total pressure increase 1 ) 1 ) 1 ) )

across pump ... Poj ~ Pop = Patmos * E.p.\/j ~Patmos + 0N - E.p.\/A = E.p.(vj ~Va ) +p-g-h
energy rise across the pump Poj “Pop 1 ( 2 2)

per unit mass flow is ... 0 Y Vi =Va ) +gh

power absorbed by ideal pump is _ Poj ~Pop 1 ( 2 2)
therefore ... Ppi= m_dot-T = m_dot- > Vi =Va ) +gh

ideal efficiency is then ... and quasi propulsive coefficient is ...
o Pri _ effective_power _ PE _ R'Vs Q-9TVg 1_¢ TVaA 1_¢ Pri_1-t _
N Ppi D power_delivered Ppi Ppi Ppi 1-w Pp; 1-w Ppi 1-w i
2 2
. Pri TVa  mdotVa(Vy-Va)  2Va(V3-Va)  2Vpa(Vy-Va) Va
i =— = = = = =

P . P, . 1 2 2) 2 2 2 2 2
i i 1= (vi€ - c L :
p P m_d0t|:2 (VJ Vp +th Vj"=Va +2gh V" - VT +2gh (VJJ UYL


http://stellar.mit.edu/S/course/2/fa06/2.611/courseMaterial/topics/topic3/readings/hybrid_propulsion_asne_2004/hybrid_propulsion_asne_2004.pdf

ith =0 [
Va 5 same as propeller (we
n; = = developed following in

v )2 Vi actuator disk

from actuator_disk.mcd using new variables to avoid duplication

AV = VVj = Wy

Av

VV:=VVp + — T-VV vV what are implications of
A A A 2 - "
np= simplify -» 2.——— n=——-" WV =VV, *
TV VVp + VV; VV;
J 1 J
+
VAN

h cannot be negative (would be ducted prop, h limits efficiency

Real waterjet with losses

net thrust of waterjet Thet = T — Dragjnjet T= m_dot~(Vj - VA)
conventional drag coefficient Cq= _Drag
1 2
—.p-V ‘A
5 P
Cr = Drag Drag _ Drag
drag coefficient of inlet D~ 1 ) ] -
2 2 2
_ _ 1 _ Vj 1
net thrust Thet = T = Dragjpjer = m_dot:(Vj = V) - CD'E'm_dOt'VA =m_dot-Vp: V_A -1-Cp3

V:
1
net thrust power PT net= Thet VA = m—dOt'VAZ.HV_J ) lJ ) CDE}
- A

delta p across pump must be increased to account for losses ...
we'll assume separate inlet and outlet losses
assume internal losses are ... ~ 1/2*p*v"2

L APjoss = APin_loss * APout_loss
and the pump pressure rise is ...

Ap;
non-dimensional pressure loss coefficient is .... in= ZFin_loss Ko = Apout_loss
and the real pump pressure rise is ... 1 V 2 out = 4 ”
P-VA =.p-V:
2 5 p i

-2_

1 2 2
Poj = Pop = E'p'(vj Va ) +p-g-h + Apjggg =

N |-

2 2 1 2 1
p(VJ - VA ) + pgh + KInEpVA + KOUt'E'p'Vj

2 2
. —1 -V 2 i _l+zg_h+K+K i
pOj pop - 2 P-VA Vv 2 n out VA

A VA



2 2
Poj — P Vi . Vi
ideal pump power is ... Poi = m_dot 3P _ m_dot-%VAz- (V_J) 140290 Kip + Kout_(v_lJ

p A Na
, I:’pi
define Np such that Np=—- Pp = actual_pump_power
Pp
2 2 2
PPi  m_dot Poj = Pop 1 M_dot-Va |(V; gh Vi
P,=—= . =—. W= —1+2 7+ K, + Kgyt| =
p 5 v 5 in out’| \,
np np Y np A \V; A
V.
1
m_dot V2| =L - 1| - cp=
_ F’T_net _ Va 2
Nreal = =
Pp 1 m_dot-VA2 VJ 2 gh VJ 2
—— ||| “ 1+ 22—+ |Kjp+ Kout'| =
2 \Y 2 \Y
p A Y, A
A
for a different form ... multiply numerator and
denominator by (VANJ-)’\Z
Vi 1 Va Va 1 Va
Z'np' —-1|-Cp= z.np._. 1-—|-Cp=—
~ Va 2 ~ Vj Vj 2 Vj
Nreal = =

2
J
1 1
2 (1= 1) = Ce=- 2 (1= 1) = Cp=-
and substitute p for V/V; ... ~ Tpt [ 3 D M} ~ Tpt [ : b
Nreal = -
2 g-h g-h
no(Kin= 1) + L+ Koue + 25— 1+ Koy = 1™+ (1 = Kjp) + 2 =
Vi Vi

and the quasi propulsive coefficient
is then ..

Y 1 .

2yl 5~ -1|-Cp7 2u(1- 1) - cnr=-

11—t Pl Va 2 C1-t ”[ WD
p— .’r'l p— -’r'l.

—w P —w 'P .
1-w V] 2 g-h Vi 2 l-w g Kout — p2~(1 - Kin) ;.80
— —1+2-—2+Kin+ Kout v, 2

Va

as from above ...

V.
1
net thrust power Pr net= ThetV = m_dot.VAz.Hv—J - 1} - CD._}
B A



first some comments to relate to previous lecture/notes version and Wartsila paper

with K. = 0 (N.B. this just means lumping all the pressure losses into a factor of 1/2* p*V "2 and
accounting for a drag increase due to the inlet ...

\VA
] 1
2'rl Jl—— =1 - CD_
-— .’r‘l .

this is the form previously
1-w P 2
Vi
( ] -1+ 2

g;h+K
2

\Y
A VA

and ... with C; = 0 and assuming h = 0 (i.e. head loss is small compared to other terms ...

this is the form in the paper with

Ap
1-t 2:u-\1- . out_loss
np = . W-np- B ( 5 ”) Kout = ¢ = nozzle_loss_coefficient Kout = 1——2
1T+ Koy — 1 -(1 - Kin) E.p.\/j
K = & = inlet_loss_coefficient ~_ APin_loss
in~
1 2
—.0V
2 PYA

at this point, assuming K, C,, and n,, are constant, could differentiate wrt VJ-NA (or
u) and determine VJ-/VA for max propulsive coefficient, but minimum weight usually
determines parameters.

[*] pump background (Wislicenus)

[¥]— example





